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ABSTRACT 

Endako molybdenite deposit and surrounding area were examined i n 

d e t a i l , w i t h p a r t i c u l a r a t t e n t i o n to petrology and genesis of Topley 

I n t r u s i o n s , r e g i o n a l s t r u c t u r a l s e t t i n g and s t r u c t u r a l h i s t o r y of Endako 

orebody, sulphide and a l t e r a t i o n mineralogy, f l u i d i n c l u s i o n geothermometry 

of v e i n q u a r t z , and minor element content of orebody p y r i t e . The host rock, 

Endako Q u a r t z Monzonite, i s a r e l a t i v e l y e a r l y phase of Topley I n t r u s i o n s 

that range i n composition from d i o r i t e to g r a n i t e , and i n age from Middle 

J u r a s s i c to Lower Cretaceous. Endako stockwork was l o c a l i z e d by wrench 

f a u l t i n g and doming generated by c o o l i n g of the b a t h o l i t h and i n t r u s i o n of 

pre-mineral dykes. Hydrothermal f l u i d s that a l t e r e d and m i n e r a l i z e d the 

stockwork were generated contemporaneously w i t h the c o o l i n g of Endako p l u t o n . 

Abundant e a r l y p o t a s s i c a l t e r a t i o n and r e l a t i v e l y high f l u i d i n c l u s i o n 

paleotemperatures a t t e s t to the paramagmatic a f f i l i a t i o n of v e i n and a l t e r ­

a t i o n m i n e r a l assemblages. C r o s s - c u t t i n g r e l a t i o n s i n d i c a t e a r e l a t i v e age 

sequence among the p o t a s s i c , s e r i c i t i c and a r g i l l i c a l t e r a t i o n stages that 

i s i n agreement w i t h a chemical c o n t r o l based p r i m a r i l y on the a c t i v i t y 

r a t i o of K+/H+. A l t e r a t i o n zonation suggests decreasing temperature from 

the ore zone towards the south, implying s i m i l a r temperature v a r i a t i o n s f o r 

sulphide d e p o s i t i o n . F l u i d i n c l u s i o n s t u d i e s support t h i s trend. Average 

minimum f i l l i n g temperatures f o r f l u i d i n c l u s i o n s i n quartz veins from 

p o t a s s i c , s e r i c i t i c and a r g i l l i c assemblages are 500°C+, 480°C and 400°C, 

r e s p e c t i v e l y . Minor element content of p y r i t e shows a s i m i l a r temperature-

dependent t r e n d . I n Q-mode f a c t o r a n a l y s i s of 12-element spectrochemical 

data from 67 orebody p y r i t e s , Mn, N i and Sn define Factor I which c o i n c i d e s 

w i t h the ore zone, whereas Factor I I (Co and Cu) co i n c i d e s w i t h the p y r i t e 



i i . 

zone. C o r r e l a t i o n of Factors I and I I to ore and p y r i t e zone r e s p e c t i v e l y 

i m p l i e s that the f a c t o r s are r e l a t e d to m i n e r a l i z i n g processes that give r i s e 

to the two m i n e r a l o g i c a l l y d i s t i n c t zones. 
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CHAPTER I 

INTRODUCTION 

A. SCOPE OF INVESTIGATION 

Purpose of this study is to investigate factors governing origin and 

localization of the large, low-grade molybdenite deposit of Endako Mines 

Ltd. (N.P.L.) near Endako, British Columbia. Geochemistry of the deposit 

was studied, with emphasis on metallic and alteration mineral assemblages, 

minor-element content of pyrite, and geothermometry of vein quartz. The 

petrology and structural relations of host rocks were examined in conjunc­

tion with a regional study of phases of the Topley Intrusions in Endako 

area. 

B. ENDAKO MAP-AREA 

Endako map-area l i e s between latitudes 53°58' N and 54°05' N, and 

longitudes 124°47' W and 125°09' W, an area of about 125 square miles in 

central British Columbia (Fig. 1-1). The mapped area is centred roughly at 

Endako mine, and is bounded on the north by Endako River and Fraser Lake 

and on the south by Francois Lake and Nithi River. Nithi Mountain and 

Savory Ridge bound the map-area to the east and west respectively. The 

mine site of Endako Mines Ltd. (N.P.L.) is 6 miles by road southwest of the 

town of Enkako. Townsite for the mine is the new community of Fraser Lake, 

9 miles east of Endako on Highway 16, and 91 miles west of Prince George 

(Fig. 1-2). 
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Canadian N a t i o n a l Railways and Highway 16 (Northern T r a n s p r o v i n c i a l 

Highway) cross the northern part of map-area and are the p r i n c i p a l access 

routes. A paved route to Endako mine f o l l o w s Glenannan Road three m i l e s 

southward from the town of Endako and then Endako Mine Road three m i l e s 

southwestward to the mine. Gravel automobile roads l e a d i n g from Highway 

16 to the mine, Francois Lake and N i t h i R i v e r areas to the south, and north 

shore of F r a s e r Lake provide access to most of the map-area. Logging and 

d i a m o n d - d r i l l s i t e roads form a network of access routes f o r four-wheel 

d r i v e v e h i c l e s . In g e n e r a l , access to the map-area i s e x c e l l e n t . Very few 

p a r t s of the mapped area are more than a one-mile h i k e from a t r a v e r s a b l e 

road. 

The area i s h e a v i l y f o r e s t e d w i t h white spruce, lodgepole p i n e , aspen 

poplar and Douglas f i r . Less abundant are b l a c k spruce, balsam, a l p i n e f i r , 

dwarf j u n i p e r , white b i r c h and mountain a l d e r . White spruce i s abundant on 

slopes and b l a c k spruce and balsam are r e s t r i c t e d to swampy areas. Lodge-

pol e pine grows i n w e l l - d r a i n e d sandy s o i l s . Aspen poplar i s widespread, 

and s m a l l groves of white b i r c h grow l o c a l l y i n aspen f o r e s t s . Douglas f i r 

occurs along the north shore of Francois Lake, and a l p i n e f i r i s found at 

higher e l e v a t i o n s on N i t h i Mountain and Savory Ridge, along w i t h dwarf 

j u n i p e r . Willow, ground b i r c h , a l d e r , w i l d rose and D e v i l ' s club are 

abundant shrubs. Grasses, pea v i n e and vetch grow on open southern slopes 

p r o v i d i n g feed f o r moose and deer and range land f o r c a t t l e . 

W i l d l i f e i s d i v e r s e and p l e n t i f u l i n the Endako area. Mammals 

encountered during f i e l d work were moose, mule deer, b l a c k bear, coyote, 

porcupine, beaver, r a b b i t , skunk, muskrat, l y n x , mink, red s q u i r r e l , c h i p ­

munk and mouse. Game b i r d s i n c l u d e F r a n k l i n ' s grouse (spruce hen), 
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ruffed (willow) grouse, blue grouse and ptarmigan. Waterfowl are abundant 

on Fraser and Francois Lakes. Rainbow and lake trout i n both lakes provide 

excellent sports f i s h i n g . Sockeye salmon ascend. Stellako River from the 

Fraser system i n August and September, and spawn i n streams draining into 

Francois Lake. 

The climate i n Endake area and surrounding Nechako Plateau i s t y p i f i e d 

by warm summers, long cold winters and l i g h t p r e c i p i t a t i o n . Daily weather 

recording at Endako mine has provided the following s t a t i s t i c s f o r a two-

year period: 

1966 1967 

Highest temperature 85°F (11 Jul.) 90°F (16 Aug.) 
Lowest temperature -32°F ( 5 Jan.) -20°F (20 Dec.) 
Annual mean temperature . 35.2°F. 39°F. 

To t a l annual r a i n f a l l 8.14 i n . 11.06 i n . 
T o t a l annual snowfall 136.13 i n . 92.13 i n . 
T o t a l p r e c i p i t a t i o n 21.75 i n . 20.27 i n . 

(E.T. Kimura and R. Thon, Pers.Comm., 1967; R. Thon, Pers.Comm., 1968) 

Comparable low annual p r e c i p i t a t i o n s of 13.34 inches at Vanderhoof and 

15.61 inches at Fort St. James (Armstrong, 1949, p. 5) r e f l e c t the dry 

summers and l i g h t winter snowfall common to the region. Snow i s expected 

i n the v i c i n i t y of Endako mine i n October, and winter weather generally 

commences about the f i r s t week i n November. Spring breakup comes about the 

end of A p r i l on the large lakes, but snow does not leave the higher areas 

u n t i l the end of May. 

Endako-Fort Fraser area, with a population of about 2200, i s one of 

the more densely-populated parts of north-central B r i t i s h Columbia. Recent 

i n f l u x of Endako Mines Ltd. (N.P.L.) personnel and t h e i r f a m i l i e s to the 

expanded community of Fraser Lake has raised the population from a few 
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dozen families prior to 1964 to the present population of 1100. Other 

principal employers are Fraser Lake Sawmills, Fraser Lake Inn and a shopping 

centre. Older residents of the area are occupied in cattle ranching, farm­

ing, logging and big-game guiding. The community of Endako, a divisional 

point on the Canadian National Railway, has a population of about 400. 

Although the railway is the principal employer, other industries include a 

new Canadian Industries Ltd. explosives plant and service industries. The 

Indian population of the area i s centred at Stellako Indian Reserve, a com­

munity of 100 persons at the west end of Fraser Lake. Tourism is an 

important source of income to the communities along Highway 16 and the six 

resorts at the east end of Francois Lake. 

C. PREVIOUS GEOLOGICAL WORK 

The f i r s t geological mapping in northern British Columbia was by 

Selwyn (1877, pp. 29-87) of the Geological Survey in 1875-1876. He 

examined the country along a route between Quesnel and Peace River, and 

although he passed to the east of Endako area, he noted diorite near Stuart 

Lake which was later recognized as part of the Topley batholith. In 1876 

Dawson (1878, pp. 17-94) made a geological reconnaissance in the basins of 

Blackwater, Salmon (Dean) and Nechako Rivers, and on Fraser and Francois 

Lakes. From his brief examination of the three principal rock units in 

Fraser Lake - Francois Lake area, i.e. Takla and Hazelton Groups, Topley 

Intrusions and Endako Group volcanics, Dawson (Ibid., pp. 83^93) came to 

remarkably astute conclusions on the regional correlation and relative ages 

of the rocks. 



In 1915 Camsell (1916, pp. 70-75) made a rapid reconnaissance from 

Fort St. James to Germansen Landing and Manson Creek, skirting the Topley 

Intrusions but examining some southern members of the Omineca Intrusions. 

In 1928 Hanson and Phemister examined the area between Topley and 

Babine Lake (1929, pp. 50-77). They were the f i r s t to recognize the Topley 

Intrusions, and assigned a "pre-Jurassic" age to the granitic rocks (Ibid., 

pp. 56-59). 

The Geological Survey of Canada commenced mapping of the Fort St. 

James area in 1936 on a scale of 1 inch to 4 miles. Between 1936 and 1944, 

and excepting 1938 and 1939, one or more f i e l d parties operated each year. 

In 1936 and 1937 Gray (1938) and Armstrong (1937, 1938, 1941) mapped the 

east and west halves of the Fort Fraser map-area respectively. These pre­

liminary reports were combined with results of later mapping in the northern 

part of the Fort St. James area i n Memoir 252 (Armstrong, 1949). Among the 

many problems considered in this Memoir is the probable pre-Jurassic age of 

Topley Intrusions. 

Between 1949 and 1952 the Nechako River area south of Francois Lake 

was mapped by Tipper (1959, 1963). Significant aspects of Tipper's work 

were revision of the Takla and Hazelton Groups (1959) and an examination of 

their contact relations with Topley Intrusions in the Nechako area (1959, 

p. 32; 1963, p. 41). 

In the summer of 1965 Carr of the British Columbia Department of Mines 

and Petroleum Resources mapped an area of 250 square miles centred on Endako 

and extending north of Highway 16, on a scale of 1 inch to one-half mile 

(1966, pp. 114-135). Carr, in defining thirteen principal intrusive phases 
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of the Topley I n t r u s i o n s , was the f i r s t to examine i n d e t a i l the l i t h o l o g i c 

complexity of the b a t h o l i t h . E.G. B r i g h t a s s i s t e d Carr i n the f i e l d i n 

1965, and wrote a Master's t h e s i s at the U n i v e r s i t y of B r i t i s h Columbia 

(1967) on petrology and genesis of Topley rocks i n Endako area. 

Reports on molybdenite occurrences i n Endako area have appeared i n the 

l i t e r a t u r e s i n c e 1927. Examinations of the S t e l l a Molybdenite property, 

now the western p a r t of Endako orebody, and other m i n e r a l deposits i n the 

area have been made, by Lay (1927, 1928, 1929, 1934) f o r the B r i t i s h 

Columbia Department of Mines. In 1934 Ke r r (1936, pp. 163-165) examined 

important m i n e r a l d e p o s i t s , i n c l u d i n g S t e l l a p r o p e r t y , along the Canadian 

N a t i o n a l Railway between P r i n c e Rupert and P r i n c e George. Armstrong (1949, 

pp. 192-193) v i s i t e d the S t e l l a Molybdenite property i n 1936. Stevenson 

(1940, pp. 11-17) examined the S t e l l a property i n J u l y 1938 and published a 

complete d e s c r i p t i o n of workings and molybdenite occurrences. Vokes (1963, 

pp. 242-245) a l s o v i s i t e d the property i n J u l y 1938, and was the f i r s t to 

recognize the p o t e n t i a l f o r a large-tonnage mine. 

Renewed i n t e r e s t i n Endako area i n 1961 and the i n c o r p o r a t i o n of Endako 

Mines L t d . (N.P.L.) i n 1962 was r e f l e c t e d i n reports by Holland and Bapty 

(1962, pp. 17-19; 1963, pp. 30-38). Carr (1964, pp. 58-64) made a compre­

hensive examination of Endako mine p r i o r to commencement of pr o d u c t i o n , and, 

w i t h Bapty, examined other molybdenite occurrences i n the area. 

Since the 1962 opt i o n agreement between Endako Mines L t d . (N.P.L.) 

and Canadian E x p l o r a t i o n L t d . , s e v e r a l unpublished r e p o r t s on geology of 

Endako mine and Endako area have been prepared by s t a f f g e o l o g i s t s . Reports 

r e l e v a n t to the present study are those by B a l l (1963a, 1963b) , Dawson 

(1965a, 1965b, 1967), Drummond (1966a, 1966b, 1966c, 1966d, 1966e, 1967), 



9. 

Dummett (1967), and Kimura and Drummond (1966, 1967, 1969). 

While employed as a summer student at Endako mine i n 1967, P. Beaudoin 

made petrographic s t u d i e s and a 1" = 200' g e o l o g i c a l map of Takla Group and 

r e l a t e d rocks on the north shore of Francois Lake as a Bachelor of Ap p l i e d 

Science t h e s i s at the U n i v e r s i t y of B r i t i s h Columbia (1968). 

D. MOLYBDENITE OCCURRENCES 

The s u c c e s s f u l development of Endako mine has encouraged other mining 

companies to explore molybdenite deposits i n the area. Notable among 

s e v e r a l occurrences are deposits at N i t h i Mountain, Owl Lake and adjacent 

to the western p a r t of Endako orebody ( F i g . 1-3). 

At N i t h i Mountain, f i v e m i l e s south of the town of Fraser Lake, wide­

spread low-grade molybdenite m i n e r a l i z a t i o n occurs on v a r i o u s c l a i m groups 

h e l d by R and P Metals Corp. L t d . , New Indian Mines L t d . , Jodee Mines L t d . , 

Dundee Mines L t d . , and Fort Reliance M i n e r a l s L t d . The M o l l y Claims of R 

and P Metals were examined by C.W. B a l l (1963b) f o r Canex A e r i a l E x p l o r a t i o n 

L t d . , and the N i t h i Mountain area i n general was examined by Drummond and 

Dawson (1966e). Rock types, m i n e r a l i z a t i o n , a l t e r a t i o n and s t r u c t u r a l 

s e t t i n g are s i m i l a r to that at Endako but degree of f r a c t u r i n g and miner­

a l i z a t i o n are s i g n i f i c a n t l y lower. M i n e r a l p o t e n t i a l , based on assays of 

7910 f e e t of d i a m o n d - d r i l l core, and r e s u l t s of induced p o l a r i z a t i o n and 

s o i l geochemistry surveys, appears too low to be of economic value at 

present. 

Outside of Endako map-area, United B u f f a d i s o n Mines L t d . holds 70 

claims i n the K and S groups near Owl Lake, 3 miles north of Savory S t a t i o n . 
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Scale 

FIGURE 1-3 

INDEX MAP OF PROPERTY BOUNDARIES, ENDAKO AREA 

( A f t e r C a r r , 1966, F i g . 26) 

1. K, S groups (United B u f f a d i s o n Mines Ltd.) 
2. A l y group ( N a t i o n a l E x p l o r a t i o n s Ltd.) 
3. D i s , Dat groups ( J u l i a n Mining Co. Ltd.) 
4. Nu, E l k groups ( J u l i a n Mining Co. Ltd.) 
5. Deer group ( J u l i a n Mining Co. Ltd.) 
6. Rob group ( U t i c a Mines Ltd.) 
7. Endako Mines L t d . 
8. Endako Mines L t d . 
9. B e l l group 
10. CM. group (Torwest Resources (1962) Ltd.) 
11. Joe, DI, Ex groups (Copper Ridge Mines Ltd.) 
12. Nurd, Dave, Vera groups (Copper Ridge Mines Ltd.) 
13. Rac, Bingo, P a l , 01, Tab groups (Copper Ridge) 
14. KO group ( J u l i a n Mining Co, L t d . 
15. Andy, S c o t t , Enco, M o l l y groups (R & P Metals Corp. L t d . 

and New Ind i a n Mines Ltd.) 
16. T i p , Tan groups (Fort R e l i a n c e M i n e r a l s Ltd.) 
17. MJM group (Scope Development Ltd.) 
18. Jen, Beaver groups (Jodee E x p l o r a t i o n s Ltd.) 
19. N i t h i group (Dundee Mines Ltd.) 
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S c a t t e r e d molybdenite m i n e r a l i z a t i o n occurs i n Casey a l a s k i t e near the 

i n t e r s e c t i o n of two r e g i o n a l s t r u c t u r e s ; i . e . the northern extension of 

Casey Lake f a u l t and a zone of f r a c t u r e s and dykes w i t h northeast trend. 

Over 6000 f e e t of d i a m o n d - d r i l l i n g revealed some high-grade i n t e r s e c t i o n s , 

but most m i n e r a l i z a t i o n , i n the form of small quartz-molybdenite-pyrite 

v e i n s , i s w e l l below ore grade. 

In 1967 Denak Mines, a p r i v a t e company c o n t r o l l e d by Wenner Gren i n 

p a r t n e r s h i p w i t h Anaconda, completed d i a m o n d - d r i l l i n g of the Nu and E l k 

groups h e l d by J u l i a n Mining Co. L t d . (Anaconda) adjacent to the western 

boundary of Endako Mines L t d . (N.P.L.). Development work i n d i c a t e d a 

molybdenite deposit of economic pr o p o r t i o n s having c o n t i n u i t y w i t h m i n e r a l ­

i z a t i o n i n the a d j o i n i n g Endako orebody. Endako Mines L t d . (N.P.L.) 

negotiated a purchase agreement w i t h the owners i n June 1968 and has 

i n c o r p o r a t e d the deposit i n a western extension of the present open p i t . 

The CM group c o n s i s t s of 32 m i n e r a l claims l o c a t e d east of Endako mine 

i n the v i c i n i t y of Casey and MacDonald Lakes, and i s r e g i s t e r e d under 

Torwest Resources L t d . and Vimy E x p l o r a t i o n s L t d . Under an o p t i o n agreement 

w i t h the two companies, Endako Mines completed over 4100 f e e t of diamond-

d r i l l i n g on the ground i n 1967. A few s m a l l quartz-molybdenite v e i n s were 

i n t e r s e c t e d i n four d r i l l h o l e s . D r i l l core provided s t r u c t u r a l and p e n o ­

l o g i c a l i n f o r m a t i o n on the Casey Lake f a u l t and a p a r a l l e l dyke zone i n 

t h i s area of n e g l i g i b l e rock exposure (Kimura and Drummond, 1967). 

U t i c a Mines L t d . encountered minor v e i n l e t s c o n t a i n i n g molybdenite and 

p y r i t e i n d i a m o n d - d r i l l i n g on the Rob group southwest of Endako orebody i n 

1965. N a t i o n a l E x p l o r a t i o n s L t d . has d i a m o n d - d r i l l e d and trenched the Ron 

group of m i n e r a l claims west of Oval Lake where a two-foot-wide quartz v e i n 
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c o n t a i n i n g minor molybdenite crops out. Molybdenite r o s e t t e s occur on 

f r a c t u r e s i n Casey a l a s k i t e i n T a i l i n g s Creek canyon north of T a i l i n g s Pond. 

E. HISTORY OF ENDAKO MINE 

In 1927, C H . Foote and A l f Langley of Fraser Lake staked the four 

o r i g i n a l S t e l l a Mining Claims which covered the western p a r t of the present 

Endako orebody. In the p e r i o d 1927-1934 the owners sank a 27-foot i n c l i n e d 

s h a f t on a 3-foot wide quartz-molybdenite v e i n , drove a short a d i t below 

the s h a f t , and opened s e v e r a l s u r f a c e c u t s . The main v e i n had an i n d i c a t e d 

l e n g t h of 250 f e e t , an a t t i t u d e of 075/60 S, and assayed 1.6% M 0 S 2 across 

a 32-inch w i d t h . S e v e r a l s m a l l e r veins were exposed, and molybdenite f l o a t 

was abundant i n the area (Armstrong, 1937, pp. 27-28; K e r r , 1936, pp. 163-

165; Lay, Ann. Repts. M i n i s t e r Mines, B.C., 1927, pp. C152-153; 1928, pp. 

C179-180; 1929, p. 182; 1934, p. C13). 

In the f o l l o w i n g years S t e l l a Molybdenite property was examined by 

v a r i o u s i n d i v i d u a l s and companies. A f t e r the o r i g i n a l claims lapsed i n 

1959, they were restaked by Dr. C. R i l e y and Dr. H.T. James of Vancouver. 

Andrew Robertson signed an examining o p t i o n w i t h the owners i n J u l y , 1961. 

Although s t r i p p i n g , trenching and d r i l l i n g work which followed were not 

c o n c l u s i v e , evidence of a major ore body prompted Robertson to stake more 

claims and n e g o t i a t e a purchase agreement on behalf of h i s own company, R 

and P Metals Corporation L t d . , i n January 1962. Encouraging r e s u l t s from 

the d i a m o n d - d r i l l i n g program l e d to the i n c o r p o r a t i o n of Endako Mines L t d . 

(N.P.L.) as a p r i v a t e company on June 21, 1962, and w i t h a d d i t i o n a l f i n a n ­

c i n g , as a p u b l i c company on August 10, 1962. 
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F o l l o w i n g examination of the property on August 22, 1962, Canadian 

E x p l o r a t i o n L t d . entered i n t o an o p t i o n agreement w i t h Endako Mines and a 

vigorous program of e x p l o r a t i o n was s t a r t e d . D i a m o n d - d r i l l i n g continued 

u n t i l the end of February, 1964, at which time 190 d r i l l holes had been cut 

f o r a t o t a l of 82,902 f e e t , and 2,755 f e e t of underground work r e l a t e d to 

bulk sampling had been completed. Confirmation of tonnage and grade by 

underground work l e d to the announcement on March 15, 1964 of a d e c i s i o n to 

equip the mine f o r production. C l e a r i n g of p l a n t s i t e and open p i t s t a r t e d 

immediately. M i l l and a n c i l l a r y b u i l d i n g c o n s t r u c t i o n and machinery i n s t a l ­

l a t i o n continued a l l w i n t e r , and by mid-May 1965 the p r o j e c t was completed. 

O f f i c i a l opening was June 8, 1965, s l i g h t l y more than three years a f t e r the 

f i r s t d r i l l h o l e was d r i v e n (Stephens, 1965, pp. 38-40). 

Production i s c u r r e n t l y being maintained at 25,000 tons per day at an 

average ore grade of 0.16% MoS^. Molybdenum i s produced as both oxide 

r o a s t e r product and s u l f i d e . Reserves are estimated at 209 m i l l i o n tons of 

ore averaging 0.15% M 0 S 2 , c a l c u l a t e d at a c u t - o f f grade of 0.08% MoS^ (1971 

f i g u r e s ) . 

F. FIELD WORK 

A t o t a l of 11 months f i e l d work was done i n the three periods May to 

September, 1965; May to September, 1966; and June to August, 1967. The 

1965 f i e l d season was spent mapping the area south of Endako mine on a 

s c a l e of 1 i n c h to 200 f e e t , p r e l i m i n a r y r e g i o n a l mapping on a s c a l e of 1 

i n c h to 1.000 f e e t , and d e t a i l mapping i n Endako open p i t on a s c a l e of 1 

i n c h to 40 f e e t . The m a j o r i t y of Endako area was mapped on a s c a l e of 1 

i n c h to 1000 f e e t during the 1966 f i e l d season. N i t h i Mountain and the 
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eastern p a r t of the map-area were mapped on a s c a l e of 1 inch to one-

quarter m i l e . The 1967 f i e l d season was spent i n completion of r e g i o n a l 

mapping and c o l l e c t i o n of p y r i t e specimens f o r minor element study. 

The f o l l o w i n g base maps were used i n r e g i o n a l g e o l o g i c a l mapping: 

1. A reconnaissance topographic map of Endako mine ar e a , s c a l e 1 i n c h to 

200 f e e t , contour i n t e r v a l 10 f e e t , was prepared by Hunting Surveys 

L t d . , Vancouver, f o r Endako Mines L t d . (N.P.L.). 

2. A reconnaissance topographic map of Endako area, east and west h a l v e s , 

s c a l e 1 i n c h to 1000 f e e t , contour i n t e r v a l 25 f e e t , was prepared by 

Hunting Surveys L t d . , Vancouver f o r Endako Mines L t d . (N.P.L.). 

3. B r i t i s h Columbia Department of Mines and Petroleum Resources Manuscript 

Map No..1 - Geology of Endako Area, 1966, s c a l e 1 i n c h to one-half 

m i l e , was adapted from B r i t i s h Columbia Department of Lands and Forests 

I n t e r i m Map 93 K/3a, 1961, and served as a base map f o r area north of 

Highway 16. 

4. B r i t i s h Columbia Department of Mines and Petroleum Resources Manuscript 

Map No. 3 - D e t a i l e d Geology of Endako Area (Eastern P a r t ) , 1966, s c a l e 

1 i n c h to one-quarter m i l e , was adapted from B r i t i s h Columbia Depart­

ment of Lands and Forests I n t e r i m Map 93 K/3a, 1961, and served as base 

map f o r eastern p a r t of area, i n c l u d i n g N i t h i Mountain. 

Outcrops were surveyed by pace and compass, and p l o t t e d d i r e c t l y on 

base maps i n the f i e l d . A e r i a l photographs were used f o r l o c a t i n g areas of 

p o t e n t i a l rock outcrop, and a s c e r t a i n i n g p r e c i s e p o s i t i o n s of outcrops on 

working and f i n a l copies of outcrop maps. 
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Four quadrant sheets, each covering 3 0 , 0 0 0 f e e t by 4 0 , 0 0 0 f e e t , comprise 

the f i n a l outcrop map. Scale i s 1 i n c h to 1000 f e e t . The surveyed g r i d at 

Endako mine has been extended to i n c l u d e the area w i t h i n the outcrop map, 

with g r i d l i n e s on 5 0 0 0-foot centres. A g e o l o g i c a l map was traced from the 

four outcrop maps i n two h a l v e s , and draughted i n f i n a l form. The two 

sheets were then p h o t o g r a p h i c a l l y reduced by R i l e y ' s L t d . , Vancouver to one-

h a l f s i z e , producing a s i n g l e sheet measuring 4 2 " by 2 7 " plus margins. 

Scale of the f i n i s h e d map of Endako area geology i s 1 " = 2 0 0 0 ' . (In j a c k e t . ) 
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CHAPTER I I 

PHYSIOGRAPHY AND GLACIATION 

A. PHYSICAL FEATURES 

The Endako area l i e s south and west of the Fraser R i v e r - Skeena R i v e r 

d i v i d e , and i s drained by streams f l o w i n g eastward i n the Fraser drainage 

system. Streams i n the southern h a l f of the area flow i n t o F rancois Lake 

which drains northeastward i n t o F r a s e r Lake by the S t e l l a k o R i v e r . Streams 

i n the northern p a r t of the area d r a i n eastward to Fraser Lake v i a Endako 

R i v e r . Fraser Lake empties i n t o the Nechako R i v e r at the v i l l a g e of Nautley 

on the east end of the l a k e . 

Endako area i s i n the southern p a r t of the Nechako P l a t e a u (Bostock, 

1948, p. 42) and i t s topography t y p i f i e s the d i s s e c t e d upland ridges and 

broad major v a l l e y s common to t h i s physiographic u n i t (Armstrong, 1949, p. 

8), Rounded h i l l s and broad ridges are grouped i n t o no p a r t i c u l a r arrange­

ment of d i s t i n c t ranges. The area i s bounded on the west by e a s t - t r e n d i n g 

h i l l s of Savory Ridge which reach an e l e v a t i o n of 4500 f e e t , the highest i n 

the area. Endako mine, at e l e v a t i o n 3500 f e e t , occupies the western c r e s t 

of a broad e a s t - t r e n d i n g r i d g e which separates Francois Lake to the south 

from Endako R i v e r v a l l e y to the n o r t h . At the southeastern end of the 

r i d g e , twelve m i l e s east of Endako mine, the average ground e l e v a t i o n of 

2600 f e e t r i s e s through a s e r i e s of s m a l l h i l l s to 4435 f e e t at the c r e s t 

of N i t h i Mountain, then drops o f f eastward to the Nechako P l a i n south of 

F o r t Fraser (Armstrong and T i p p e r , 1948, p. 285). E l e v a t i o n s range from 

2197 f e e t at Fraser Lake to 4500 f e e t at Savory Ridge, but l o c a l r e l i e f i s 

c o n s i d e r a b l y l e s s . The Endako River meanders at low gradient through i t s 
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one- to two-mile-wide g l a c i a t e d v a l l e y . At the southern edge of the map-

area, the lower p o r t i o n of the N i t h i R i v e r occupies the headward end of a 

two-mile-wide meltwater channel which drained Francois Lake i n e a r l y p o s t ­

g l a c i a l times (Tipper, 1963, p. 12). Francois Lake i s p r e s e n t l y drained by 

the S t e l l a k o R i v e r which occupies a steep, V-shaped v a l l e y i n c i s e d i n 

bedrock. 

Endako area topography shows a marked r e l a t i o n to the u n d e r l y i n g rocks. 

'The t e r r a i n c o n s i s t s of broken upland r i d g e s and wide major v a l l e y s , and 

e x h i b i t s a predominant e a s t e r l y g r a i n . Although g r e a t l y accentuated by the 

p r e v a i l i n g e a s t e r l y movement of P l e i s t o c e n e i c e , t h i s g r a i n appears to have 

o r i g i n a t e d p r i o r to g l a c i a t i o n , and the topography of the area i s broadly 

expressive of bedrock s t r u c t u r e , notably j o i n t and f a u l t systems.' (Ca r r , 

1966, p. 115). Minor drainage and topographic trends discordant to dominant 

e a s t e r l y g l a c i a l g r a i n commonly r e f l e c t u n d e r l y i n g major f a u l t s and i n t r u ­

s i v e contacts where depth of t i l l i s not e x c e s s i v e . J o i n t p a t t e r n s , where 

e x t e n s i v e l y s t u d i e d i n Endako mine area, show only minor r e l a t i o n to topo­

graphy. Rock type also i n f l u e n c e s topography. Low, rounded h i l l s and 

ridges are u n d e r l a i n by Topley I n t r u s i o n s which have undergone s u b a e r i a l 

e r o s i o n s i n c e f i n a l withdrawal of the sea that occupied a Middle J u r a s s i c 

marine b a s i n i n c e n t r a l B r i t i s h Columbia, and emergence i n Late J u r a s s i c 

to E a r l y Cretaceous times (Tipper, 1963, p. 49). C o n t r a s t i n g topography i s 

developed over f l a t - l y i n g Eocene v o l c a n i c s of the Endako Group which over­

l i e Topley rocks at Savory Ridge and Fraser Lake. T y p i c a l v o l c a n i c 

topography i s ste e p - s i d e d , o f t e n f l a t - t o p p e d ridges deeply d i s s e c t e d along 

v e r t i c a l j o i n t s by recent streams. 
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B. PHYSIOGRAPHY 

The Nechako P l a t e a u , a northern s u b d i v i s i o n of the i n t e r i o r P l a t e a u of 

the Canadian C o r d i l l e r a (Bostock, 1948, p. 42), i s u n d e r l a i n mainly by 

p r e - T e r t i a r y v o l c a n i c , sedimentary and g r a n i t i c rocks. Moderate l o c a l 

r e l i e f of 1500 to 2500 f e e t has been developed upon the P l a t e a u surface 

which l i e s between 4000 and 5000 f e e t e l e v a t i o n (Armstrong, 1949, p. 8; 

Hol l a n d , 1964, p. 68). This physiographic u n i t , which i n c l u d e s Endako map-

area, i s bounded immediately to the east by Vanderhoof b a s i n , one of three 

g l a c i a l l a k e basins c o n s t i t u t i n g the Nechako P l a i n (Armstrong, 1949, p. 15). 

Although u n d e r l a i n mainly by f l a t - l y i n g v o l c a n i c r o c k s , Nechako P l a i n 

probably d e r i v e s i t s r e l a t i v e l y even surface of 2200 to 2500 f e e t e l e v a t i o n 

from extensive e r o s i o n which truncated rocks of s e v e r a l ages, and from a 

deep covering of g l a c i a l t i l l or s i l t , and g l a c i a l lake c l a y ( I b i d . , p. 8; 

Tipper , 1963, p. 7). Tipper ( I b i d . ) has assigned to the group df randomly 

d i s t r i b u t e d h i l l s south of Francois Lake and u n d e r l a i n mainly by Hazelton-

T a k l a rocks, the name Francois Lake Highlands. Geographical p r o x i m i t y and 

s i m i l a r i t y of topography, i f not bedrock l i t h o l o g y , should warrant the 

i n c l u s i o n of the Endako area h i l l s n orth of Francois Lake i n t h i s physio­

graphic s u b d i v i s i o n ( F i g . 2-1). 

C. GLACIATION 

Endako map-area was completely covered by g l a c i e r i c e at l e a s t 2500 

fe e t t h i c k i n order to cover a l l the h i l l s , and probably of maximum t h i c k ­

ness i n the order of 5000 f e e t according to evidence i n the Nechako River 

area to the south (Tipper, 1963, p. 9) and F o r t St. James area to the north 

(Armstrong, 1949, pp. 11-14). P r e - g l a c i a l topography expressive of bedrock 
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s t r u c t u r e may have i n f l u e n c e d e a s t e r l y i c e movement i n Endako area. G l a c i a l 

features are common, and prominent f e a t u r e s observed i n the f i e l d and on a i r 

photos have been p l o t t e d on F i g . 2-2. 

(1) Drumlins and S t r i a e 

Drumlins are developed i n t h i c k g l a c i a l deposits i n Endako mine area, 

o c c u r r i n g e i t h e r s i n g l y or i n p a i r s . Seventeen drumlins were s t u d i e d , 

ranging i n l e n g t h from 250 to 4500 f e e t and i n height from 25 to 150 f e e t . 

Average l e n g t h and height are 1850 f e e t and 60 f e e t r e s p e c t i v e l y . Drumlins 

are an elongated o v a l shape i n p l a n w i t h the width about one-quarter the 

l e n g t h and the stoss g e n e r a l l y steeper and higher than the l e e . Drumlins 

are composed e s s e n t i a l l y of u n s t r a t i f i e d t i l l , although a bedrock core may 

be present. Three rock drumlins are included i n the seventeen mentioned 

above. Two rock drumlins along the Francois granite-Endako quartz monzonite 

contact southeast of Endako mine ( F i g . 2 - 2 ) are s m a l l , narrow features 

about 500 f e e t long and 100 f e e t wide w i t h leeward ends mantled by t i l l . A 

t h i r d "rock" drumlin near the Glenannan granite-Casey a l a s k i t e contact west 

of S t e l l a k o R i v e r has a rock r i d g e exposed at i t s higher leeward end, pro­

bably due to recent e r o s i o n . Most drumlins e x h i b i t stoss and l e e p r o f i l e s 

i n d i c a t i v e of e a s t e r l y sense of i c e movement. Long axes range i n a t t i t u d e 

from N 45 E to S 80 E, and a c a l c u l a t e d average a t t i t u d e f o r the seventeen 

drumlins i s N 80 E. 

G l a c i a l s t r i a e occur on most exposed rock surfaces near c r e s t s of 

h i l l s . Average s t r i a e trend i s east-west, although divergence of i c e 

around exposed rock crags has given r i s e to s t r i a e trending from northeast 

to southeast w i t h i n a s i n g l e outcrop. Few s t r i a e were of use i n d e t e c t i n g 

sense of i c e movement, w i t h two notable exceptions. S t r i p p i n g i n the 
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FIGURE 2 - 1 - Physiographic subdivisions of central B .C . 
A f t e r H o l l a n d , 196 4 
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southwest p a r t of Endako mine p i t revealed a group of " n a i l h e a d " s t r i a e 

which i n d i c a t e d east and east-southeast i c e movement. An outcrop at the 

c r e s t of a s m a l l drumlinoid h i l l east of Glenannan Road-Endako mine road 

i n t e r s e c t i o n showed s t r i a e s t r i k i n g 090 w i t h a well-developed c r e s c e n t i c 

crack i n d i c a t i n g eastward i c e movement. 

(2) T i l l and E r r a t i c s 

A t h i c k blanket of g l a c i a l deposits mantles much of the bedrock i n the 

Endako area. G l a c i a l deposits a t t a i n g r e a t e s t thickness i n major v a l l e y s 

and upland areas of low r e l i e f . Maximum thickness of t i l l recorded i n 

d i a m o n d - d r i l l i n g i n Endako mine area i s 167 f e e t on the Vimy property mid­

way between Casey and MacDonald Lakes. A l l u v i u m and t i l l t hicknesses i n 

the order of 300 f e e t have been encountered i n d i a m o n d - d r i l l holes i n the 

Endako v a l l e y . O r i g i n a l topography of Endako mine p i t area i n c l u d e d two 

e a s t - t r e n d i n g ridges of 3500 f e e t e l e v a t i o n mantled w i t h t i l l up to 50 f e e t 

t h i c k i n depressions and 20 f e e t t h i c k on the average. At the mine and 

elsewhere i n the Endako area rocks crop out mainly on high ground, p a r t i ­

c u l a r l y at or near the c r e s t s of s o u t h - f a c i n g slopes. Some outcrops were 

discovered i n the steep canyons of p o s t - g l a c i a l streams. Bedrock exposure 

c o n s t i t u t e s about 3% of the map-area. 

Economic f a c t o r s have i n s t i g a t e d s t u d i e s of t i l l composition i n Endako 

mine area. The m a j o r i t y of bedrock exposed by s t r i p p i n g at the mine i s 

immediately o v e r l a i n by 5 to 15 f e e t of very compact lodgement t i l l composed 

of rounded g r a n i t i c and v o l c a n i c pebbles and cobbles embedded i n dense 

brown c l a y . O v e r l y i n g lodgement t i l l , and comprising the b u l k of g l a c i a l 

d eposits i s a t h i c k , u n s t r a t i f i e d l a y e r of sand, g r a v e l and pale brown s i l t 

i n t e r s p e r s e d w i t h boulder e r r a t i c s . The f a b r i c and composition of t h i s 
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deposit i n d i c a t e o r i g i n as an a b l a t i o n t i l l or moraine, lowered on to sub-

g l a c i a l deposits by i c e m e l t i n g during g l a c i a l r e c e s s i o n . S t r a t i f i e d 

d eposits of sand, g r a v e l and s i l t near Pump Lake, one m i l e east of Endako 

mine, have provided m a t e r i a l f o r road c o n s t r u c t i o n . C o a r s e l y - s t r a t i f i e d , 

3 to 10 f e e t t h i c k beds of sand and sandy g r a v e l are interbedded w i t h 6 

i n c h to 1 foot t h i c k beds of sand and s i l t . Coarse cross-bedding and pebble 

lenses occur i n the sand. These s t r a t i f i e d deposits o v e r l i e u n s t r a t i f i e d 

t i l l , and represent f l u v a t i l e reworking of a b l a t i o n deposits during i n t e r -

g l a c i a l times. 

E r r a t i c s are g e n e r a l l y found east of t h e i r place of o r i g i n . In the 

F o r t St. James area to the n o r t h , Armstrong (1949, p. 11) observed: "On 

the east s i d e of t h i s (Topley) b a t h o l i t h the t i l l boulders and e r r a t i c s 

c o n s i s t predominantly of g r a n i t e , whereas on the west s i d e the t i l l i s 

devoid of g r a n i t e boulders and no g r a n i t e e r r a t i c s were observed." On a 

l o c a l s c a l e abundant e r r a t i c s and boulders i n t i l l serve as a u s e f u l guide 

to rock type and m i n e r a l i z e d areas to the west. Molybdenite-bearing f l o a t 

occurs i n a 7000-foot-long zone east of Endako mine, c r e a t i n g anomalous 

molybdenum values i n the s o i l geochemistry. 

(3) G l a c i o - l a c u s t r i n e D e p o s i t s , Terraces and Meltwater Channels 

Remnant patches of thin-bedded g l a c i o - l a c u s t r i n e s i l t , c l a y and sand 

o v e r l y i n g bedrock along the north shore of Francois Lake represent at l e a s t 

three ages of g l a c i a l t e r r a c e s . The youngest and most prominent t e r r a c e 

stands 50 f e e t above present lake l e v e l and s e v e r a l remnant t e r r a c e deposits 

150 to 250 f e e t above lake l e v e l occur east and west of the head of S t e l l a k o 

R i v e r ( F i g . 2-2). Terraces at s i m i l a r e l e v a t i o n s (2500 to 3000 f e e t ) border 

a l a r g e meltwater channel which f o l l o w s lower N i t h i R i v e r v a l l e y and runs 
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eastward to j o i n the Vanderhoof b a s i n i n the v i c i n i t y of L i l y Lake (Tipper, 

1963, F i g . 1 ) . Meltwater from receding g l a c i e r s and e a r l y p o s t - g l a c i a l 

Francois Lake drainage flowed eastward through the N i t h i R i v e r meltwater 

channel. At maximum l a k e l e v e l t h i s drainage was inadequate and Francois 

Lake overflowed southward to C h e s l a t t a Lake through Uncha and B i n t a Lakes 

( I b i d . , p. 12 and F i g . 1 ). In l a t e r g l a c i a l times, N i t h i R i v e r was dammed 

w i t h stagnant i c e near the south f o o t of N i t h i Mountain and Francois Lake 

drainage turned northward through i t s present rock-cut s p i l l w a y , the S t e l -

l ako R i v e r ( C a r r , 1966, p. 115). 

The S t e l l a k o R i v e r , at i t s p o i n t of entrance to the Endako Ri v e r 

v a l l e y 2 m i l e s west of Fra s e r Lake, has cut down through g l a c i o - l a c u s t r i n e 

deposits and formed t e r r a c e s at 2300 and 2400 f e e t e l e v a t i o n ( F i g . 2-2). 

Varved, one-half i n c h to 3 i n c h - t h i c k beds of grey to l i g h t brown s i l t and 

c l a y s i m i l a r to deposits i n Vanderhoof b a s i n to the east (Tipper, 1963, p. 

13) are mantled by f l u v a t i l e sand and g r a v e l . L a c u s t r i n e deposits of 

s i m i l a r l i t h o l o g y and e l e v a t i o n were observed i n Highway 16 road-cuts along 

the north s i d e of Endako R i v e r v a l l e y between the v i l l a g e s of S t e l l a k o and 

Endako. These deposits i n d i c a t e Fraser Lake and the lower Endako v a l l e y 

were a westward extension of Vanderhoof b a s i n i n e a r l y p o s t - g l a c i a l times. 

The r e l a t i v e youth of S t e l l a k o R i v e r i s i n d i c a t e d by i t s e r o s i o n of these 

l a c u s t r i n e d e p o s i t s . 

D. GLACIAL HISTORY 

The Nechako P l a t e a u i s an area i n t o which i c e moved r a t h e r than one i n 

which i t accumulated. Mountain ic e - s h e e t s flowed out from t h e i r places of 

accumulation i n the Coast, Omineca, Cariboo and Rocky Mountains as piedmont 
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glaciers which coalesced to form an ice-cap up to 6000 feet thick on the 

Interior Plateau (Tipper, 1963, p. 14). At maximum thickness the Cordil-

leran ice-sheet flowed in a general outward direction from the centre of 

the province, while in the Nechako Plateau movement was dominantly eastward 

and northeastward from the Coast Mountains to the Rocky Mountain Trench 

(Armstrong, 1949, p. 17). In detail the ice movement was more variable, 

the topography being the governing factor as ice thinned. Ice moving 

southeast along Takla and Babine valleys coalesced with ice moving north­

eastward and eastward i n the Nechako River area to the south (Ibid.), 

creating a dominantly eastward flow of ice in the intervening Endako area. 

While eastward movement in general i s substantiated by orientation of 

glacial features and distribution of t i l l and erratics, the elongation of 

drumlins and intervening groovings i n the Nechako Plain may be related to 

a late re-advance of ice after recession of the major ice—sheet (Ibid.). 

The last ice advance was followed by stagnation in the low-lying parts of 

the Nechako Plateau, the formation of ephemeral glacial lakes and large 

meltwater channels, and widespread lacustrine deposition in basins within 

the Nechako Plain (Tipper, 1963, pp. 14-15). 
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CHAPTER I I I 

GENERAL GEOLOGY 

A. REGIONAL SETTING 

The Topley I n t r u s i o n s occur w i t h i n an area of g e o l o g i c a l complexity i n 

the c e n t r a l i n t e r i o r of B r i t i s h Columbia ( F i g . 3 - l ) . I n t r u s i v e , v o l c a n i c 

and sedimentary rocks of Permian to Late T e r t i a r y age represent s e v e r a l 

major periods of orogeny, r e p e t i t i v e v o l c a n i c a c t i v i t y and sedimentation. 

(1) Cache Creek Group 

Oldest rocks i n the area are a very t h i c k assemblage of interbedded 

sediments and v o l c a n i c s of the Cache Creek Group of mainly Permian age 

(Armstrong, 1949, p. 32). Two elongate, fault-bounded b e l t s of Cache 

Creek rocks, the Manson Creek and S t u a r t Lake Highs (Souther and Armstrong, 

1966, p. 171) are p a r a l l e l to the northwesterly C o r d i l l e r a n trend. S t u a r t 

Lake High i s f l a n k e d to the west and l o c a l l y i n t r u d e d by the Topley batho­

l i t h . V o l c a n i c and sedimentary rocks and t h e i r metamorphosed equivalents 

(of s i m i l a r l i t h o l o g y to rocks of Cache Creek Group) occur m a r g i n a l l y t o , 

and as roof pendants w i t h i n , Coast I n t r u s i o n s near Terrace ( D u f f e l l and 

Souther, 1964, p. 14). 

(2) Takla-Hazelton Assemblage 

Rocks of the predominantly v o l c a n i c Takla-Hazelton Assemblage u n d e r l i e 

most of c e n t r a l B r i t i s h Columbia. A northwesterly t r e n d i n g b e l t of marine 

v o l c a n i c and sedimentary rocks of the Upper T r i a s s i c to Lower J u r a s s i c 

T a k l a Group unconformably o v e r l i e s Cache Creek rocks i n the F o r t St. James 
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area (Armstrong, 1949, p. 56). I n the Nechako R i v e r area, disconnected 

b e l t s of T a k l a rocks that form the southwestern margin of the Topley I n t r u ­

sions (Tipper, 1963, p. 18) extend westward i n t o W h i t e s a i l Lake area 

( D u f f e l l , 1959), and southward i n t o Anahim Lake area (Tipper, 1957) where 

Takla and o l d e r rocks f l a n k the Coast I n t r u s i o n s . The Hazelton Group of 

c e n t r a l B r i t i s h Columbia i s a conformable succession, p o s s i b l y 10,000 f e e t 

t h i c k , of interbedded marine and non-marine p y r o c l a s t i c sedimentary rocks 

and p o r p h y r i t i c flows of Middle J u r a s s i c age (Tipper, 1963, p. 23). 

Hazelton rocks u n d e r l i e most of the area west of Babine Lake and south of 

Skeena R i v e r , and form a discontinuous b e l t f l a n k i n g the east s i d e of Coast 

I n t r u s i o n s to the south and p e r i p h e r a l to Bowser Basin i n the n o r t h . The 

Takla and Hazelton Groups may represent e s s e n t i a l l y continuous d e p o s i t i o n 

w i t h change i n l i t h o l o g y due to a change i n d e p o s i t i o n a l environment from 

marine to non-marine (Tipper, 1959, pp. 28-29). In d i s c u s s i n g s t r u c t u r a l 

r e l a t i o n s between the two u n i t s , Tipper (1963, p. 28) s t a t e s "The Hazelton 

Group r e s t s w i t h angular discordancy on the Takla Group i n Fawnie Range 

(Nechako R i v e r area) but elsewhere may be conformable." 

Topley g r a n i t e s cut Takla Group v o l c a n i c s on the north shore and to the 

southeast of F r a n c o i s Lake (Tipper, 1959, pp. 31-32). Basal s e c t i o n s of 

Hazelton Group c o n t a i n i n g pebbles d e r i v e d from Topley g r a n i t e s have been 

observed i n Nechako River area (Tipper, 1963, p. 25) and i n Topley area 

(Hanson and Phemister, 1929, pp. 55-59). In view of Tipper's r e v i s e d ages 

of Takla and Hazelton Groups (1959), an E a r l y J u r a s s i c age of the Topley 

I n t r u s i o n s as i n d i c a t e d . 

This age, however, i s not c o n s i s t e n t w i t h age obtained from recent 

i s o t o p i c d a t i n g of some younger phases of the Topley i n Endako area. The 



29. 

bulk of Topley rocks and a l t e r a t i o n minerals a s s o c i a t e d w i t h Endako 

molybdenum deposit have potassium-argon ages of about 138 m.y. (White, et 

a l , 1970). The Late J u r a s s i c ages obtained from these rocks i n d i c a t e that 

the e n t i r e b a t h o l i t h may be c o n s i d e r a b l y younger than p r e v i o u s l y shown by 

l i m i t e d s t r a t i g r a p h i c evidence. The o l d e s t recognized Topley u n i t , the 

Simon Bay D i o r i t e Complex, y i e l d s a Middle J u r a s s i c age of 155+6 m.y. 

( I b i d . ) that may be a maximum age of the b a t h o l i t h . 

(3) Bowser Group 

Sedimentary rocks of the Upper J u r a s s i c to Lower Cretaceous Bowser 

Group u n d e r l i e an extensive area i n north c e n t r a l B r i t i s h Columbia (Roots, 

1954) and r e s t unconformably on Hazelton rocks i n Terrace area ( D u f f e l l and 

Souther, 1956). Tipper (1963, p.30) describes two small areas of Upper 

J u r a s s i c a r g i l l i t e i n Nechako River area which show no d i r e c t connection to 

the Bowser Basin and may be r e l a t e d to rocks of s i m i l a r age i n A s h c r o f t 

area ( D u f f e l l and McTaggart, 1952, pp. 31-33). 

(4) Tachek Group 

In the F o r t St. James area Armstrong (1949, p. 64) has mapped a small 

group of s t r a t a l i t h o l o g i c a l l y s i m i l a r to Hazelton rocks but of presumably 

J u r a s s i c and Cretaceous age to which he has assigned the name Tachek Group. 

Sedimentary s t r a t a at the base of the predominantly a n d e s i t i c u n i t uncon­

formably o v e r l i e Topley g r a n i t e at Tachek Mountain. 

(5) Ootsa Lake Group 

A c i d i c v o l c a n i c rocks of Ootsa Lake Group are widespread but not 

continuous or l o c a l l y extensive throughout c e n t r a l B r i t i s h Columbia. 
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Armstrong has mapped three u n i t s i n Francois Lake-Tchesinkut Lake area 

( 1 9 4 9 , pp. 6 8 - 7 4 ) composed of interbedded a n d e s i t i c and r h y o l i t i c v o l c a n i c 

rocks, chert conglomerate and sandstone ranging i n age from Late Cretaceous 

to Eocene or Oligocene which together are equivalent to Ootsa Lake Group i n 

Nechako R i v e r area to the south (Tipper, 1 9 6 3 , p. 35) and the W h i t e s a i l 

Lake type area to the southwest ( D u f f e l l , 1 9 5 9 , p. 6 7 ) . Ootsa Lake Group 

v o l c a n i c rocks a l s o occur i n Anahim Lake area (Tipper, 1957) , i n Carp Lake 

area (Armstrong, Tipper and Hoadley, 1 9 4 7 ) , and i n Quesnel area (Tipper, 

1 9 5 9 ) . 

(6) Endako Group 

The youngest major rock u n i t i n c e n t r a l B r i t i s h Columbia i s the Endako 

Group. F l a t - l y i n g a n d e s i t i c and b a s a l t i c massive, v e s i c u l a r and amygdaloidal 

l a v a flows r e s t unconformably on Ootsa Lake Group and o l d e r rocks (Tipper, 

1 9 6 3 , p. 3 8 ). Endako Group v o l c a n i c s unconformably o v e r l i e members of 

Topley I n t r u s i o n s i n western and no r t h e a s t e r n parts of Endako map-area. 

Named by Armstrong ( 1 9 4 9 , pp. 7 4 - 7 6 ) f o r i t s abundant occurrence i n the 

area drained by Endako R i v e r , the Endako Group extends without apparent 

break i n t o Nechako R i v e r area and southern parts of I n t e r i o r P l a t e a u . 

Features common to T e r t i a r y p l a t e a u b a s a l t s ; columnar j o i n t i n g , f l a t - t o p p e d 

h o r i z o n t a l l y - b e d d e d h i l l s and l a c k of p i l l o w s t r u c t u r e are e x h i b i t e d by 

these widespread l a v a flows. P l a n t f o s s i l s from sedimentary rocks at the 

base of the group have been assigned an Oligocene age by Armstrong ( 1 9 4 9 , 

pp. 7 2 - 7 3 ) and Tipper ( 1 9 6 3 , p. 38) i n separate l o c a l i t i e s , i n d i c a t i n g an 

Oligocene or younger age f o r the Endako Group. A potassium-argon age 

determination of Endako l a v a from Hick's H i l l , 2 miles south of P r i e s t l y , 

gave an age of 48+ 2 m i l l i o n years or Middle Eocene (Mathews, 1 9 6 4 , 
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pp. 465-468). Biotite from a probably related andesite dike that intruded 

the Casey Lake fault zone near Stellako River yields a potassium-argon age 

of 50 + 2 m.y. (White, et a l , 1970). 

Intrusive Rocks 

Intrusive rocks are widespread in central British Columbia. They 

range in age from post-Middle Permian to Tertiary and in composition, from 

ultramafic to granitic with rocks of quartz monzonitic and quartz d i o r i t i c 

composition predominating. 

(7) Trembleur Intrusions 

S i l l s , stocks and batholiths of peridotite, dunite, pyroxenite, gabbro 

and altered equivalents occur in the Trembleur Lake-Stuart Lake region of 

central British Columbia. These bodies occur within Permian Cache Creek 

rocks adjacent to Pinchi Fault, and are cut by plutonic rocks of Topley and 

Omineca Intrusions, indicating a post-Middle Permian, pre-Late Triassic 

age (Armstrong, 1949, p. 91). Several small bodies of peridotite i n Tele­

graph Range southwest of Prince George occupy the same stratigraphic 

position. 

(8) Topley Intrusions 

The name Topley Intrusions has been given to a group of acidic intru­

sive rocks f i r s t recognized in Topley area (Hanson and Phemister, 1929). 

Topley rocks underlie much of the southern part of Fort St. James area and 

the northeast part of Nechako River area, and extend northwestward into 

Houston area and southeastward to Quesnel (Fig. 3-2). Discontinuous patches 

of volcanic strata of Hazelton, Tachek, Ootsa Lake and Endako Groups overlie 
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Topley i n t r u s i v e rocks i n many p l a c e s , and Cache Creek rocks l o c a l l y i n t e r ­

rupt c o n t i n u i t y of exposures of p l u t o n i c rock.. I t i s p o s s i b l e most of the 

exposed areas of Topley I n t r u s i o n s form p a r t s of one l a r g e b a t h o l i t h 

extending from Topley Landing on Babine Lake 180 miles southeast to Quesnel, 

w i t h a maximum area of about 5500 square m i l e s ( F i g . 3-2). L i t h o l o g y , 

s t r u c t u r a l r e l a t i o n s and age of Topley I n t r u s i o n s w i l l be d e a l t w i t h i n 

f o l l o w i n g s e c t i o n s . 

/ (9) Omineca I n t r u s i o n s 
I 

Armstrong (1949, p. 97) a p p l i e d the name Omineca I n t r u s i o n s to numerous 

bodies of i n t r u s i v e rocks exposed i n the Omineca Mountains of north c e n t r a l 

B r i t i s h Columbia. Omineca I n t r u s i o n s occur as elongate bodies concordant 

w i t h the C o r d i l l e r a n trend. The composition of Omineca rocks i s mainly 

g r a n o d i o r i t e and g r a n i t e , w i t h minor b a s i c and s y e n i t i c phases. An age 

s i m i l a r to that of Coast I n t r u s i o n s , i . e . Late J u r a s s i c to E a r l y Creteceous 

i s proposed by Armstrong (1949, p. 113). Some southern members of Omineca 

I n t r u s i o n s , notably M i t c h e l l b a t h o l i t h , bear considerable l i t h o l o g i c resem­

blance to Topley rocks immediately to the south (Armstrong, p. 113). B i o t i t e 

from Duckling Creek s y e n i t e , a phase of Hogem b a t h o l i t h , y i e l d s a r a d i o m e t r i c 

age of 178 M. y r . (Koo, 1968), i d e n t i c a l to age of Topley d i o r i t e at G r i z z l y 

Mountain southwest of St u a r t Lake (Tipper, 1962, p. 134-136). A b e l t of 

Omineca plutons i n t r u d i n g Cache Creek rocks between S t u a r t and Takla Lakes 

may be a northern extension of the Topley b a t h o l i t h . 

(1.0) Post-Middle J u r a s s i c I n t r u s i o n s 

R e l a t i v e l y young p l u t o n i c rocks of g r a n i t i c to d i o r i t i c composition 

occur as stocks and b a t h o l i t h s i n Nechako R i v e r and W h i t e s a i l Lake areas 
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(Tipper, 1963; Duffell, 1959) and define the northeast-trending Skeena 

Arch in Bulkley and Babine Ranges (Souther and Armstrong, 1966, p. 171). 

These intrusions dif f e r from most granitic batholiths of British Columbia 

in that they are discordant to regional structural trends. Many bodies are 

irregular i n shape but most are roughly equidimensional. Granites intrude 

Lower Jurassic Takla Group and Middle Jurassic Hazelton Group rocks in 

Nechako River and Whitesail Lake areas (Tipper, 1963, p. 42; Duffell, 1959), 

and cut Hazelton volcanics and Upper Jurassic to Lower Cretaceous Bowser 

Group sediments in Terrace area (Duffell and Souther, 1 9 6 4 , p. 33). Grano-

diorites of the Bulkley and Babine Ranges are considered by Armstrong 

(1944a, 1944b) to be satellites of the Coast Intrusions. 

B. ENDAKO AREA 

(1) General Statement 

I n t r u s i v e rocks of the Topley b a t h o l i t h , i n c l u d i n g seven plutons and 

one s m a l l stock, form approximately 80% of the bedrock i n Endako map-area. 

A s m a l l area of Takla Group v o l c a n i c rocks i n the southwest i s intruded by 

Topley g r a n i t e . Endako Group v o l c a n i c rocks o v e r l i e o l d e r u n i t s i n the 

western and northeastern p a r t s of the map-area. 

Topley rocks range from d i o r i t i c to g r a n i t i c i n composition, w i t h 

quartz monzonite predominant. Average modal compositions of the eight u n i t s 

are p l o t t e d together i n Fig.3-20. The u n i t s are subdivided l i t h o l o g i c a l l y 

a f t e r the Peterson c l a s s i f i c a t i o n (1960) using the c r i t e r i a K - f e l d s p a r / t o t a l 

f e l d s p a r r a t i o , a n o r t h i t e content of p l a g i o c l a s e , and mafic mineral content, 

as derived from modal analyses. Most plutons are l i t h o l o g i c a l l y homogeneous 

but show t e x t u r a l v a r i a t i o n s , although minor compositional changes i n border 
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phases e x i s t . Exceptions are the Simon Bay d i o r i t e complex which i s pre­

dominantly d i o r i t e and g r a n o d i o r i t e w i t h minor gn e i s s , gabbro and amphibo-

l i t e ; the zoned Glenannan complex which e x h i b i t s g r a d a t i o n a l compositional 

changes from g r a n i t e to g r a n o d i o r i t e ; and the S t e l l a k o i n t r u s i o n s composed 

of quartz monzonite and g r a n o d i o r i t e . The rock u n i t s are r e a d i l y d i s t i n ­

guishable i n the f i e l d and i n hand specimen. Although c o r r e l a t i o n s based 

on f i e l d mapping have been somewhat r e s t r i c t e d by s c a r c i t y of outcrop, good 

contacts and c r o s s - c u t t i n g r e l a t i o n s h i p s have been observed f o r most u n i t s . 

Three stages of Topley plutonism are d i s t i n g u i s h e d on the b a s i s of 

f i e l d and petrographic s t u d i e s . These stages are tabulated below (Table 

3-1) . 

Table 3-1 

Stages of the Topley I n t r u s i o n s 

STAGE AGE (PERIOD) PHASE 

Stage 3 (youngest) Lower Cretaceous Fraser quartz monzonite 
S t e l l a k o quartz monzonite 

and g r a n o d i o r i t e 

Stage 2 Upper J u r a s s i c Francois g r a n i t e 
Casey a l a s k i t e 
Glenannan g r a n i t e and 

quartz monzonite 
N i t h i quartz monzonite 
Endako quartz monzonite 

Stage 1 ( o l d e s t ) Middle J u r a s s i c Simon Bay d i o r i t e complex 

J.M. Armstrong, i n the f i r s t p etrographic d e s c r i p t i o n s of Topley 

I n t r u s i o n s i n the Endako area (1949, pp. 92-96) d i s t i n g u i s h e d "Topley P i n k 

G r a n i t e " from a "border phase" of gray g r a n i t e and g r a n o d i o r i t e , and 

"Topley D i o r i t e " . From specimen l o c a t i o n s c i t e d , these general s u b d i v i s i o n s 

may be c o r r e l a t e d w i t h more recent petrographic s t u d i e s (Table 3-2). J.M. 

Carr has assigned names to t h i r t e e n i n t r u s i v e members of the Topley 
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batholith in the Endako area (1966, p. 114). E.G. Bright (1967), with 

additional petrographic study, modified Carr's nomenclature slightly and 

proposed a new geographical term, the "Simon Bay Complex" corresponding to 

Carr's "Quartz Diorite Complex". The Topley nomenclature of Carr and Bright 

has been retained i n this study, with minor modifications to petrographic 

terms as described i n following sections and illustrated in Table 3-2. 

Notable changes to the existing schemes are the deletion of "Pond quartz 

diorite" or "Pond quartz monzonite" of Carr and Bright respectively, and 

the retention of the Nithi Quartz Monzonite as a distinct Topley unit rather 

than a phase of the Glenannan Complex. Four Topley phases designated the 

Tatin, Titan, Triangle and Rex Quartz Monzonites by Carr (1966), and 

included within the Glenannan Complex of Bright (1967), a l l occur to the 

north of the area covered i n this study and were not examined. A correla­

tion of petrographic nomenclature is given in Table 3-2, and geology of the 

Endako area i s summarized in Table of Formations (Table 3-3). 

(a) Modal Analysis 

Specimens representative of each unit were selected from f i e l d 

collections for modal analysis. The number of specimens studied for 

each unit was governed mainly by abundance and distribution of outcrop. 

Map (in Jacket) gives locations of a l l modal analysis specimens in 

this study, plus the approximate locations of some modal analysis 

specimens of Carr and Bright. 
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Table 3-2 

C o r r e l a t i o n of Topley Nomenclature 

Armstrong (1949) Carr .(1965) Bright (1967) Dawson (1972) 

- Fraser 
granodiorite 

Fraser quartz 
monzonite 

Fraser quartz 
monzonite 

- Pond quartz 
d i o r i t e 

Pond quartz 
monzonite 

Deleted 

Topley gray 
granite and 
granodiorite 

Younger quartz 
monzonites and 
quartz d i o r i t e s 

S tellako quartz 
monzonite 

Stellako quartz 
monzonite and 
granodiorite 

Francois quartz 
monzonite 

Francois 
granite 

Francois granite 

Casey quartz 
monzonite 

Casey quartz 
monzonite-
a l a s k i t e 

Casey a l a s k i t e 

Topley Pink 
Granite 

Glenannan 
quartz 
monzonite 

Glenannan 
Complex 

Glenannan granite 
and quartz 
monzonite 

N i t h i quartz 
monzonite 

(Included i n 
Glenannan 
Complex) 

N i t h i quartz 
monzonite 

Endako quartz 
monzonite 

Endako quartz 
monzonite 

Endako quartz 
monzonite 

Topley D i o r i t e Quartz D i o r i t e 
Complex 

Simon Bay 
Complex 

Simon Bay d i o r i t e 
complex 
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I n i t i a l l y , p o i n t - c o u n t i n g of standard s i z e t h i n - s e c t i o n s was 

employed to determine modes. This method was discarded when i t 

became apparent that the r e l a t i v e l y coarse g r a i n s i z e of most s p e c i ­

mens would probably render i n v a l i d modal analyses based on small areas. 

Large t h i n - s e c t i o n s are more s u i t a b l e , but cost and d i f f i c u l t y of 

p r e p a r a t i o n of an adequate number of s e c t i o n s rendered t h i s technique 

i n f e a s i b l e . Standard s i z e t h i n - s e c t i o n s were prepared from each s p e c i ­

men and minerals were i d e n t i f i e d under the petrographic microscope. A 

v i s u a l e s t i m a t i o n of mode was made under the microscope f o r comparison 

w i t h modes determined by the f o l l o w i n g s t a i n e d - s l a b method. A sawn 

sl a b of the same specimen, measuring at l e a s t 5 cm by 4 cm, was s t a i n e d 

w i t h sodium c o b a l t i n i t r a t e (cf.- S i n c l a i r and Libby, 1969). A g r a i n 

count was made by l a y i n g a c l e a r p l a s t i c sheet w i t h i n s c r i b e d g r i d on 

the s t a i n e d s u r f a c e . G r i d spacings of e i t h e r 3 mm or 5 mm were used, 

depending upon the average g r a i n s i z e of the specimen. Approximately 

100 and 240 po i n t s were obtained from the 5 mm and 3 mm g r i d s , respec­

t i v e l y . Where s i z e of s t a i n e d surface permitted, m u l t i p l e counts were 

made. 

Modal a n a l y s i s r e s u l t s are tabulated f o r each rock u n i t , along 

w i t h a v a i l a b l e data from B r i g h t (1967), Carr (1966), Drummond (1966a, 

1966e, 1967), Kimura and Drummond (1966), and Armstrong (1949). 

I n d i v i d u a l q u a r t z - K - f e l d s p a r - p l a g i o c l a s e modes are r e c a l c u l a t e d to 

100% and p l o t t e d on a q u a r t z - K - f e l d s p a r - p l a g i o c l a s e ternary diagram f o r 

each u n i t , along w i t h the c a l c u l a t e d average mode. 



Table 3-3 

Table of Formations - Endako Area 

ERA PERIOD OR EPOCH NAME . LITHOLOGY 

RECENT Stream deposits, talus, 
soil 

u 
M 

, 

PLEISTOCENE S i l t , clay, sand, 
gravel, t i l l , boulder 
clay, erratics 

CJ 
Nl 
O 

UNCONFORMITY 
w u EOCENE Endako Group Vesicular and amygda-

loidal andesite and 
basalt flows and 
related dykes; flow 
breccia, tuff and 
conglomerate 

UNCONFORMITY, INTRUSIVE 
LOWER CRETACEOUS Fraser quartz 

monzonite 
Medium-grained sub-
porphyritic pink 
biotite-hornblende 
quartz monzonite 

UNCONFORMITY, INTRUSIVE 

ES
OZ

OI
C 

LOWER CRETACEOUS 

CO 

1—1 
CO D 
s i H 

Stellako quartz 
monzonite and 
granodiorite 

Medium-grained pink 
hornblende-biotite 
quartz monzonite; 
medium-grained gray 
hornblende grano­
diorite 

ES
OZ

OI
C 

• -1 
>-< 
-J 
O 

UNCONFORMITY, INTRUSIVE 
s UPPER JURASSIC 

-1 
>-< 
-J 
O 

Francois granite Medium-grained red 
biotite granite 

UNCONFORMITY, INTRUSIVE 
UPPER JURASSIC Casey alaskite Coarse-to fine-grained 

leucocratic pink granite 
and quartz monzonite 

UNCONFORMITY, INTRUSIVE 
UPPER JURASSIC Glenannan granite 

and quartz 
monzonite 

to 

Coarse-grained porphy-
r i t i c pink biotite 
granite; coarse­
grained pink biotite-
hornblende quartz 
monzonite 
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ERA PERIOD OR EPOCH NAME LITHOLOGY 

UPPER JURASSIC 

IO
NS
 

N i t h i quartz 
monzonite 

Medium- to coarse­
grained s u b p o r p h y r i t i c 
pink to gray b i o t i t e 
quartz monzonite 

TO
PL
EY
 I
NT
RU
S!
 

UNCONFORMITY, INTRUSIVE 

o 

UPPER JURASSIC 

TO
PL
EY
 I
NT
RU
S!
 

Endako quartz 
monzonite 

Coarse- to medium-
grained s u b p o r p h y r i t i c 
pink b i o t i t e - h o r n b l e n d e 
quartz monzonite 

o 
(-> 

TO
PL
EY
 I
NT
RU
S!
 

UNCONFORMITY, INTRUSIVE 

ME
S(
 

MIDDLE JURASSIC Simon Bay d i o r i t e 
complex 

F o l i a t e d d i o r i t e , 
quartz d i o r i t e and 
g r a n o d i o r i t e ; h y b r i d 
g n e i s s , amphibolite 
and gabbro 

UNCONFORMITY, INTRUSIVE 
UPPER TRIASSIC 
AND 
LOWER JURASSIC 

AK
LA
 G

RO
UP
 

Menard rhyodacite 
stock 

Red to purple f e l d s p a r -
b i o t i t e porphyry stock 
and dykes 

AK
LA
 G

RO
UP
 

INTRUSIVE 
H Rhyodacite 

p y r o c l a s t i c s 
Dark green rhyodacite 
c r y s t a l t u f f and 
b r e c c i a 
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Petrology 

(a) Takla Group 

In Endako area, rocks assigned to the Upper T r i a s s i c and Lower 

J u r a s s i c T a k la Group by Tipper (1959, 1963) and Carr (1966) occupy an 

area of l e s s than 1 square m i l e on the north shore of Francois Lake at 

the southwestern edge of the Topley b a t h o l i t h ( F i g . 3-3). Takla rocks 

i n c l u d e rhyodacite t u f f s and b r e c c i a s , a s m a l l rhyodacite porphyry 

s t o c k , and r e l a t e d rhyodacite porphyry dykes. Takla v o l c a n i c rocks 

are i n t r u d e d by a northwest-trending group of l a r g e quartz monzonite 

dykes p o s s i b l e r e l a t e d to a body of Topley g r a n i t e to the n o r t h which 

a l s o i n t r u d e s Takla rocks. Takla Group p y r o c l a s t i c rocks are uncon-

formably o v e r l a i n on the west by Eocene Endako Group andesite flows. 

Minor a n d e s i t i c dykes probably r e l a t e d to Endako lavas cut a l l rocks 

i n the area. 

RHYODACITE CRYSTAL TUFFS AND BRECCIAS: 

Massive dark-coloured p y r o c l a s t i c rocks i n which bedding i s not 

d i s c e r n i b l e comprise the m a j o r i t y of Takla Group i n the area. 

White c r y s t a l fragments of p l a g i o c l a s e , K - f e l d s p a r and quartz i n 

a greenish-black matrix give the rock a pseudoporphyritic t e x t u r e . 

C r y s t a l fragments range i n s i z e from microscopic to 3 mm diameter 

and are i n t e r s p e r s e d w i t h rounded to angular b l o c k s and l a p i l l i 

of rhyodacite porphyry. M a t r i x i s composed of c r y s t a l l i n e and 

rock fragments, ash and minor g l a s s . V i s u a l e s t i m a t i o n of s i x 

t h i n - s e c t i o n s gives the f o l l o w i n g approximate mode: o l i g o c l a s e -

andesine (An-j.-An.,,) 48%; o r t h o c l a s e 17%; quartz 21%; hornblende 
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plus b i o t i t e 8%; opaque minerals 6%. Rocks are f r a c t u r e d and 

mafic minerals are a l t e r e d to epidote, c h l o r i t e , s p e c u l a r i t e and 

p y r i t e ; whereas f e l d s p a r s are r e l a t i v e l y f r e s h . 

RHYODACITE PORPHYRY STOCK: 

A sm a l l stock of about one-quarter square m i l e area which i n t r u d e s 

Takla p y r o c l a s t i c s was named "Menard quartz l a t i t e porphyry" by 

Carr (1966, p. 126) f o r i t s occurrence near Menard's Resort on 

Francois Lake. The porphyry,rhyodacite according to the Peterson 

c l a s s i f i c a t i o n (1960), contains abundant phenocrysts of f e l d s p a r , 

b i o t i t e and quartz i n a purple to red-brown groundmass. Euhedral, 

white or f l e s h - c o l o u r e d , 1-5 mm diameter phenocrysts of andesine 

predominate over t h i c k books of c h l o r i t i z e d b i o t i t e and subhedral 

corroded quartz phenocrysts. Less abundant are sm a l l phenocrysts 

of o r t h o c l a s e and slender prisms of hornblende. About one-half 

the groundmass i s t i n y p l a g i o c l a s e l a t h s and the remainder a 

mosaic intergrowth of q u a r t z - o r t h o c l a s e i n t e r s p e r s e d w i t h g r a i n s 

of magnetite and p y r i t e . X e n o l i t h s of r h y d a c i t e t u f f probably 

derived from adjacent p y r o c l a s t i c s are abundant l o c a l l y . 

The composition of r h y d a c i t e porphyry as deduced from v i s u a l e s t i ­

mation of t h i n - s e c t i o n s i s s i m i l a r to that of rhyodacite t u f f : 

andesine (An^^) 45%; b i o t i t e plus hornblende 20%; quartz 18%; 

or t h o c l a s e 13%; opaque minerals 4%. 

Fine-grained s e r i c i t e - e p i d o t e - h e m a t i t e a l t e r a t i o n of f e l d s p a r s 

imparts a r e d d i s h colour to the rock. Mafics minerals are 

a l t e r e d to c h l o r i t e and epi d o t e , and quartz-epidote-carbonate 
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v e i n l e t s are common. Hematite and p y r i t e a l t e r a t i o n products 

are abundant l o c a l l y . 

MINOR INTRUSIONS: 

Takla Group rocks are cut by a northwest-trending group of 

coarse-grained quartz monzonite dykes ranging from a few f e e t to 

over 200 f e e t wide. Although dykes could not be traced northward 

across the Takla-Topley c o n t a c t , s i m i l a r i t i e s i n t e x t u r e and 

composition i n d i c a t e r e l a t i o n s h i p to Francois g r a n i t e . Large 

rhyodacite porphyry dykes p e t r o g r a p h i c a l l y i d e n t i c a l to rocks of 

Menard stock i n t r u d e Takla Group p y r o c l a s t i c rocks and have a 

northwest trend. Minor a p l i t e and q u a r t z - o r t h o c l a s e porphyry 

dykes resemble s i m i l a r minor i n t r u s i o n s i n adjacent Toply I n t r u ­

s i o n s . Small p o r p h y r i t i c andesite and d a c i t e dykes t h a t cut 

Takla v o l c a n i c rocks, Francois G r a n i t e and a c i d i c dykes probably 

are r e l a t e d to Endako Group a n d e s i t i c flows to the west. 

STRUCTURAL RELATIONS AND AGE: 

Near Menard's Resort, p y r o c l a s t i c rocks resembling the Upper 

T r i a s s i c Main T a k l a U n i t (Tipper, 1963, pp. 19-20) are int r u d e d 

by Topley I n t r u s i o n s and o v e r l a i n unconformably by Endako Group 

v o l c a n i c rocks to the west. Contacts between rhyo d a c i t e pyro­

c l a s t i c rocks and the rh y o d a c i t e porphyry stock are not exposed 

but i n t r u s i v e r e l a t i o n s are i n d i c a t e d by the presence of rhyoda­

c i t e t u f f x e n o l i t h s w i t h i n the porphyry, and by dykes s i m i l a r to 

Menard porphyry c u t t i n g the p y r o c l a s t i c u n i t . Compositional and 

t e x t u r a l s i m i l a r i t i e s of the two rhyodacite u n i t s suggest a common 
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o r i g i n . The porphyry stock was probably emplaced i n t o t u f f s as a 

l a t e r sub-volcanic phase of r h y d a c i t i c volcanism. 

A n o r t h - t r e n d i n g i n t r u s i v e contact between Francois G r a n i t e and 

Takla rhyodacite t u f f i s exposed 3000 f e e t north of Scott's 

Resort (Beaudoin, 1968). One-half m i l e to the east an apophysis 

of Francois G r a n i t e extends 2000 f e e t southward i n t o rhyodacite 

t u f f . Older v o l c a n i c s are a l s o i n t r u d e d by a group of quartz 

monzonite dykes apparently r e l a t e d to adjacent Topley I n t r u s i o n s . 

A pre-Topley, and more p r e c i s e l y , pre-Francois G r a n i t e age of 

r h y o d a c i t e t u f f and porphyry i s i n d i c a t e d . 

Some ambiguity e x i s t s i n Tipper's (1963) d e s c r i p t i o n of contacts 

between Takla Group and Topley I n t r u s i o n s . Tipper notes that 

Topley G r a n i t e on the north shore of Francois Lake i n t r u d e s the 

marine p a r t s of the Takla Group "Red Bed U n i t " but i s not i n 

contact w i t h the upper p a r t of the red bed sequence. This i n d i ­

cates that Topley g r a n i t e s were -emplaced w h i l e part of the Red 

Bed U n i t was being deposited and "would then be of l a t e s t T r i a s s i c 

age or more probably Lower J u r a s s i c . " ( I b i d . , p. 41). Along the 

south shore of Francois Lake and elsewhere the Red Bed U n i t i s an 

assemblage of sedimentary rocks i n c l u d i n g s h a l e , conglomerate, 

q u a r t z i t e greywacke and limestone ( I b i d . , pp. 21-22) bearing l i t t l e 

apparent resemblance to p y r o c l a s t i c rocks and porphyry near 

Menard's Resort. A small outcrop of Takla Group Red Bed U n i t i s 

shown on Tipper's map (1963, Map 1131A) 15 m i l e s west of Menard's 

on the north shore of Francois Lake, but no adjacent g r a n i t e i s 

shown. Since rocks at Menard's correspond c l o s e l y to the a n d e s i t i c 
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and b a s a l t i c p y r o c l a s t i c rocks and lavas t y p i c a l of the Upper 

T r i a s s i c "Main Takla U n i t " ( I b i d . , pp. 1 9 - 2 0 ) , the i n t r u s i v e con­

t a c t i n t h i s area i s not l i k e l y to be that described by Tipper. 

Topley I n t r u s i o n s 

( i ) Simon Bay D i o r i t e Complex: 

A broad b e l t of Topley d i o r i t i c rocks extends southeastward 

from S t u a r t Lake (Armstrong, 1 9 4 9 , p. 9 4 ) , through the eastern 

p a r t of Endako area, and southward to the N u l k i H i l l s i n Nechako 

R i v e r area (Tipper, 1 9 6 3 , p; 4 0 ) . D i o r i t i c rocks form the n o r t h ­

eastern and eastern margins of the Topley B a t h o l i t h . I s o l a t e d 

masses of d i o r i t i c rocks form an i r r e g u l a r chain which trends 

northward across the eastern p a r t of the map-area ( F i g . 3 0 4 ) . 

The r e g i o n a l northwest trend of these o l d e r rocks i s not apparent 

i n the map-area as younger Topley plutons have broken the c o n t i n ­

u i t y of the u n i t , and primary f o l i a t i o n i n southern outcrops does 

not p a r a l l e l the northwest f o l i a t i o n trend at Simon Bay and 

Deserter Lake. 

Rocks of the Simon Bay Complex are predominantly f o l i a t e d , 

dark gray, medium- to coarse-grained d i o r i t e and g r a n o d i o r i t e . 

F o l i a t i o n grades from a l i g n e d mafic m i n e r a l g r a i n s and c l o t s to 

a l t e r n a t i n g broad bands, 10 to 100 f e e t t h i c k , d i f f e r i n g i n both 

composition and g r a i n s i z e . M a f i c l a y e r s and l e n s e s , which 

impart a g n e i s s i c t e x t u r e l o c a l l y , may be v a r i o u s l y quartz d i o r i t e 

gabbro or amphibolite c o n t a i n i n g l a b r a d o r i t e p l a g i o c l a s e , a u g i t e 

and d i o p s i d e . W i t h i n the predominant d i o r i t e and g r a n o d i o r i t e 
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phases of the complex, p l a g i o c l a s e i s andesine ( A n 0 0 - A n 0 0 ) and 
Zo oo 

shows l i m i t e d normal zoning. Minor amounts of quartz and pink 

o r t h o c l a s e are i n t e r s t i t i a l to p l a g i o c l a s e , p o i k i l i t i c brown 

b i o t i t e and green hornblende. Accessory minerals i n c l u d e magne­

t i t e , sphene and p y r i t e . Rocks of the Simon Bay complex are 

commonly f r e s h but may be s t r o n g l y sheared and a l t e r e d l o c a l l y , 

w i t h the development of c h l o r i t e , epidote and i r o n o x i d e s. 

A c t i n o l i t e and s c a p o l i t e have been reported by Carr (1965, p. 

118). Modal analyses are given i n Table 3-4 and F i g . 3-5. 

STRUCTURAL RELATIONS AND AGE: 

F o l i a t i o n , as defined by alignment of mafic m i n e r a l s , t e x -

t u r a l and compositional l a y e r i n g , and t r a i n s of i n c l u s i o n s , 

i s apparently of primary o r i g i n i n a l l exposures of Simon 

Bay d i o r i t i c rocks. In the northern p a r t of the area f o l i a ­

t i o n i s p a r a l l e l to the trend of the Topley B a t h o l i t h , i n 

gene r a l : northwest at A l f and Deserter Lakes, and west-

northwest to east-west at Simon Bay. The divergence of 

f o l i a t i o n d i r e c t i o n s from the r e g i o n a l trend i n southern 

exposures, i . e . north-northeast at Mudhole Lake and west-

northwest to east-west near N i t h i Mountain, may be due to 

r o t a t i n g or s h i f t i n g of l a r g e blocks during emplacement of 

younger i n t r u s i o n s as suggested by B r i g h t (1967, p. 22), or 

may simply represent l o c a l f a b r i c v a r i a t i o n s w i t h i n the 

p l u t o n . Large lenses of gabbro and amphibolite at Simon Bay 

may represent p a r t i a l a s s i m i l a t i o n or g r a n i t i z a t i o n of 

screens of o l d e r v o l c a n i c and sedimentary rocks i n a meso-

zona l environment of emplacement. 
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Simon Bay d i o r i t e contacts w i t h S t e l l a k o I n t r u s i o n s were 

observed on the north shore of Fraser Lake and near Mudhole 

Lake. Adjacent to contacts i n both l o c a l i t i e s , s m a l l a p l i t e , 

f e l d s p a r porphyry and b a s a l t dykes cut both u n i t s and minor 

K- f e l d s p a r a l t e r a t i o n f o l l o w s f r a c t u r e s i n d i o r i t e . D i o r i t e 

contacts w i t h other Topley u n i t s were not observed i n the 

f i e l d . Contacts w i t h Glenannan and N i t h i quartz monzonites 

are i n f e r r e d east of Endako and on the northern and southern 

f l a n k s of N i t h i Mountain. A n d e s i t i c flows of the Endako 

Group o v e r l i e f o l i a t e d d i o r i t e at Simon Bay. 

The Simon Bay d i o r i t e complex i s apparently the o l d e s t Topley 

u n i t i n the area, and p o s s i b l y the e a r l i e s t phase of the 

b a t h o l i t h . A potassium-argon r a d i o m e t r i c date obtained from 

" d i o r i t e " at Shass ( G r i z z l y ) Mountain south of St u a r t Lake 

gives an age of 178 m i l l i o n y e a r s , or Lower J u r a s s i c (Leech 

et a l , 1963, pp. 134-136). Another r a d i o m e t r i c date obtained 

from " g r a n i t e " near Fo r t Fraser (54°04' N, 124°41' W) gives 

an age of 163 m i l l i o n years, or Middle J u r a s s i c (Baadsgaard, 

et a l , 1961, pp. 689-702). F i e l d evidence c i t e d i n f o l l o w ­

i n g s e c t i o n s i n d i c a t e s Simon Bay d i o r i t e i s o l d e r than the 

Upper J u r a s s i c Topley u n i t s i n Endako area. I f Simon Bay 

d i o r i t e i s the e a r l i e s t phase of the b a t h o l i t h , i t would then 

be of s i m i l a r age or younger than the Lower J u r a s s i c members 

of the Takla Group which i t i n t r u d e s (Tipper, 1963, p. 41). 

The Lower J u r a s s i c r a d i o m e t r i c ages do not agree w i t h more 

recent ages obtained from f i v e Simon Bay d i o r i t e specimens 
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i n the Endako area by White, et a l (1970). Three d i o r i t e s 

y i e l d i d e n t i c a l 155 m.y. ages, and where d i o r i t e i s i n t r u d e d 

by pegmatite, discordant ages of 145 and 138 m.y. are 

obtained. The recorded p o s i t i o n of Baadsgaard's (1961) 163 

m.y. sample i s w i t h i n the l i m i t s of the Simon Bay D i o r i t e 

Complex. A Middle r a t h e r than Lower J u r a s s i c maximum age of 

the Topley I n t r u s i o n s i s favoured by White's age determina­

t i o n s . 

( i i ) Endako Quartz Monzonite: 

Endako Quartz Monzonite forms a r e g u l a r , two-mile-wide b e l t 

c o n t a i n i n g Endako mine and extending from S t e l l a k o R i v e r west-

northwestward f o r 12 m i l e s across the map-area ( F i g . 3-6). 

Boundaries of the b e l t are formed by younger i n t r u s i o n s , namely 

Francois G r a n i t e on the south, Casey A l a s k i t e on the north and 

S t e l l a k o Quartz Monzonite and g r a n o d i o r i t e on the east. Three 

m i l e s northwest of Savory Lake, near Sheskwa Lake, Carr (1966, 

p. 118) r e p o r t s a small i s o l a t e d body of sheared and a l t e r e d 

Endako Quartz Monzonite w i t h i n Casey A l a s k i t e . Endako Group v o l ­

c anic rocks o v e r l i e the southwestern part of the b e l t at Savory 

Ridge. 

T y p i c a l Endako Quartz Monzonite i s a pink or p i n k i s h - g r a y , 

medium-grained hypidiomorphic granular to s u b p o r p h y r i t i c rock. 

Subhedral pale pink to orange phenocrysts of p e r t h i t i c o r t h o c l a s e 

l o c a l l y a t t a i n 1 cm i n l e n g t h but are more commonly 5 to 7 mm 

long. With decreasing s i z e and abundance of phenocrysts the 

quartz monzonite becomes an e s s e n t i a l l y equigranular rock w i t h 



Table 3-4 

Modal Analyses of Simon Bay D i o r i t e Complex 

Gabbro D i o r i t e G r a n o d i o r i t e 
1 1 1 2 500 585 579 582 3 

Plagioclase^ 1" 69 .1 62.5 40.8 59.5 59 62 61 52 46 

Hornblende - 2.2 49.7 31.1 16 16 9 18 6 

Orthoclase - - - - 12 9 10 14 20 

B i o t i t e - 33.3 6.1 2.1 5 5 5 - 6 

Quartz - t r . 1.0 4.0 6 5 12 13 20 

Magnetite - 1.5 2.5 2.2 2 3 3 3 2 

Augite 29 .1 - - - - - - -

1. 

2. 

Armstrong, 1949. 

B r i g h t , 1967, p. 19 (point counter and stained-•slab) 

3. Carr, 1966, p. 124 ( v i s u a l estimation) 

4. P l a g i o c l a s e composition ranges from A n 9 8 to An (excluding gabbro) 
co 38 

500, 579, 582, 585. Dawson (point counter and s t a i n e d - s l a b ) 



F I G U R E 3 - 5 

Simon Bay Diorite Complex M o d e s 

Armstrong specimen 0 Dawson specimen 4-
Bright specimen 0 Averoge mode D 
Carr specimen X 



53. 

crystals of orthoclase, quartz, biotite and minor hornblende 

i n t e r s t i t i a l to oligoclase. Exposures near the Francois Granite 

contact south and southeast of the mine are finer-grained than 

average, and approach granite in composition. 

Irregular grain boundaries of orthoclase are commonly 

myrmekitic adjacent to corroded plagioclase grains, and may be 

graphically intergrown with quartz in finer-grained rocks. 

Euhedral to subhedral white plagioclase grains generally show 

weak normal zoning, emphasized by preferential a r g i l l i c altera­

tion of calcic cores. Hexagonal plates and irregular clusters 

of partially chloritized brown biotite enclose grains of sphene, 

apatite, magnetite and brown hornblende. Fine-grained pale 

brown to green secondary biotite forms veins and rims associated 

with primary mafic minerals, along with carbonate and minor 

epidote. Quartz occurs as anhedral grains enclosing plagioclase, 

mafic and accessory minerals, or as granular phenocrystic 

aggregates. Minor accessory minerals include pyrite, rut i l e and 

zircon. 

Modal analyses of Endako Quartz Monzonite are given in 

Table 3-5 and Fig. 3-7. Details of alteration, mineralization 

and structure of Endako Quartz Monzonite at Endako mine are 

dealt with in subsequent sections. 

STRUCTURAL RELATIONS AND AGE: 

Contacts of Endako Quartz Monzonite with younger intrusions 

to the north, south and east are described under "Casey 
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A l a s k i t e " , "Francois G r a n i t e " and " S t e l l a k o Quartz Monzonite 

and G r a n o d i o r i t e " r e s p e c t i v e l y . The Casey-Endako contact i s 

w e l l defined over most of i t s l e n g t h i n outcrops, trenches 

and d i a m o n d - d r i l l core. Sheared Endako Quartz Monzonite i s 

intr u d e d by a l a r g e , n o r t h e a s t - t r e n d i n g d i o r i t e dyke imme­

d i a t e l y south of a c h i l l e d Casey A l a s k i t e contact i n a s m a l l 

canyon west of Savory Lake. A s i m i l a r r e l a t i o n s h i p was noted 

i n T a i l i n g s Creek canyon where a Casey-Endako contact has 

been i n t r u d e d by a l a r g e n o r t h e a s t - t r e n d i n g d i o r i t e dyke 

p r i o r to displacement as a u n i t 8500 f e e t northward along 

T a i l i n g s Creek f a u l t . West of Oval Lake a quartz v e i n two 

f e e t wide c o n t a i n i n g minor molybdenite occupies a N 15° E 

f r a c t u r e zone south of a contact between Endako Quartz Mon­

z o n i t e and c h i l l e d p o r p h y r i t i c Casey A l a s k i t e which trends 

east-west. 

North of Endako orebody, Casey A l a s k i t e i s f i n e - g r a i n e d , 

i n t r u d e d by pegmatite dykes and veined w i t h barren quartz. 

Endako Quartz Monzonite contact w i t h p o r p h y r i t i c a l a s k i t e i s 

observed i n d i a m o n d - d r i l l hole J-1. A l a r g e Casey porphyry 

dyke trends southwestward from a l a s k i t e i n t o Endako Quartz 

Monzonite. 

The Casey-Endako contact i s i n f e r r e d from MacDonald Lake 

2-1/2 m i l e s eastward to S t e l l a k o R i v e r . In S t e l l a k o River 

canyon the Endako Quartz Monzonite contact w i t h p o r p h y r i t i c 

Casey A l a s k i t e i s int r u d e d by o r t h o c l a s e - p l a g i o c l a s e porphyry 

dykes on the west bank, and by S t e l l a k o Quartz Monzonite on 

the east bank. 
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A wedge of Endako Quartz Monzonite approximately one mile 

wide and 2-1/2 miles long has been displaced northward on 

two major faults, the Casey Lake fault and the Tailings 

Creek fault, dividing the elongate body of Casey Alaskite in 

half. A discussion of this structure is given under 

"Regional Structure". 

Contacts of Endako Quartz Monzonite with older Simon Bay 

Diorite Complex were not observed. Foliation in diorite 

south of Mary Lake oriented N 70° W and N 85° W is parallel 

to a hypothetical extension of southern contact of Endako 

Quartz Monzonite. Emplacement of Endako Quartz Monzonite may 

have been concordant with a pre-existing west-northwest grain 

in older diorite complex. 

Evidence of foliation in Endako Quartz Monzonite is almost 

non-existant. Minor northerly planar orientation of rela­

tively abundant xenoliths was observed along west bank of 

Stellako River by Bright (1967, p. 24). Fine-grained quartz 

diorite xenoliths rich in biotite are common throughout the 

unit but in no other location exhibit foliation or local 

concentration. Xenoliths are rrounded, one-to two-inch 

diameter bodies with resorbed outlines, and are of unknown 

origin. 

Endako Quartz Monzonite has petrological, compositional and 

structural similarities with Nithi quartz monzonite indica­

tive of either a similar origin or original continuity of 

the two units (see pp. 63-65). 
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A new phase of Topley plutonism, the compositionally-zoned 

Glenannan complex probably was confined during emplacement 

by the b e l t of o l d e r Endako Quartz Monzonite on the south. 

Casey A l a s k i t e apparently has i n t r u d e d the contact between 

Endako and Glenannan rocks. A u n i t s i m i l a r i n age and 

o r i g i n , the Fr a n c o i s G r a n i t e , i n t r u d e d the contact between 

Endako Quartz Monzonite and Takla Group rocks at the south­

ern edge of the b a t h o l i t h . Casey A l a s k i t e and o l d e r u n i t s 

have been cut by a d i s c o r d a n t , northward-trending b e l t of 

S t e l l a k o Quartz Monzonite and G r a n o d i o r i t e . 

S t r u c t u r a l r e l a t i o n s i n d i c a t e Endako Quartz Monzonite i s one 

of the o l d e s t members of Topley I n t r u s i o n s i n Endako area, 

preceded only by Simon Bay D i o r i t e Complex of Middle J u r a s s i c 

age. 

White, et a l (1968) have obtained the f o l l o w i n g potassium-

argon ages from widely-spaced specimens of Endako Quartz 

Monzonite: 140 + 6, 141 + 5 , 1 4 3 + 6 m.y. 



Table 3-5 

Modal Analyses of Endako Quartz Monzonite 

•K 

n) PQ 
o rH O 0 0 
Q -K * H •K OS * CO rH sf 

•K si" <* rH m a) CO o OS m t n CM CO 0 0 
si- m rH H •U •K o rH r~- <i- s± rH | 1 rH + I I 1 H I rH CO i n rH VO 1 CM I 1 CM si- rH 1 ffl PQ PQ I pq 1 I I 1 1 rH 1 m C S St 0 0 CM o 1 o VO as 

H Q o C J O 55 o 55 55 13 S3 OS rH rH CM CO OS OS m CO rH i-H CM Os 
W < w W W W w w w W W CO CO CO CO CO oo CM CO CM !=> CO CO CO 

Orthoclase 4 0 35 5 4 . 9 5 1 . 1 5 0 . 1 4 0 . 8 4 3 . 3 4 5 . 9 4 6 . 9 4 3 . 0 3 4 . 7 4 3 4 3 3 0 48 48 52 38 51 48 5 0 4 6 4 3 4 4 4 4 

P l a g i o c l a s e 2 0 3 0 2 5 . 9 3 1 . 1 2 8 . 4 3 6 . 4 2 8 . 6 2 6 . 6 4 . 6 1 8 . 0 4 1 . 9 19 3 1 3 4 2 4 2 6 2 3 31 2 2 2 3 2 5 2 7 2 9 2 7 2 6 

Quartz 3 0 30 1 4 . 5 1 4 . 3 1 4 . 7 1 6 . 6 2 1 . 6 1 7 . 7 4 0 . 3 3 2 . 0 1 5 . 4 3 3 19 2 8 2 4 2 1 19 2 6 2 0 2 3 17 2 2 2 1 2 1 2 4 

B i o t i t e 1 0 5 2 . 2 1 . 0 3 . 0 4 . 0 2 . 5 3 . 5 7 . 1 4 . 0 4 . 5 4 6 6 3 4 5 4 5 4 6 4 6 6 4 

Hornblende 0 0 1 . 3 0 . 4 2 . 0 1 . 0 0 . 8 2 . 0 0 . 5 1 . 0 2 . 0 . 2 0 . 1 0 0 . 1 0 0 0 0 0 0 0 0 

Magnetite 0 0 0 . 5 1 . 0 1 . 2 1 . 8 0 . 6 1 . 5 1 . 0 1 . 0 1 . 0 . 5 1 1 1 1 1 1 1 2 1 - 1 . 3 1 1 

Sphene 0 0 0 . 8 0 0 1 . 3 0 . 5 1 . 2 0 0 0 . 5 . 2 . 1 . 1 . 1 . 2 0 0 1 . 1 1 . 1 . 4 . 5 . 6 

1. C a l c u l a t e d average mode: orthoclase 44.5%; p l a g i o c l a s e 26.3%; quartz 22.6%; b i o t i t e 

4.6%.; hornblende 0.57°; ac c e s s o r i e s 2.0%,. 

2. Average composition of p l a g i o c l a s e i s An^g. Composition ranges from An-Q to An2g. 

3. Modal analyses by other authors: °Kimura and Drummond, 1966 ( v i s u a l e stimation) 
H-Drummond, 1967 ( v i s u a l estimation) 
^ B r i g h t , 1967 (point counter and s t a i n e d slab) 
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( i i i ) N i t h i Quartz Monzonite: 

Exposures of N i t h i Quartz Monzonite on the summit and slopes 

of N i t h i Mountain probably comprised a continuous body extending 

more than two m i l e s east of the map-area p r i o r to being separated 

i n t o s e v e r a l outcrop areas by emplacement of a younger i n t r u s i v e 

phase, Casey A l a s k i t e . N i t h i Quartz Monzonite i s truncated by 

S t e l l a k o Quartz Monzonite and G r a n o d i o r i t e on the west, and uncon-

formably o v e r l a i n by Endako Group v o l c a n i c rocks east of Foster 

Lakes, 2-1/2 m i l e s east of the map-area ( F i g . 3-8). 

The quartz monzonite u n i t c o n s i s t s of a medium-grained sub-

p o r p h y r i t i c v a r i e t y and a coarser-grained p o r p h y r i t i c v a r i e t y 

which appear i n t e r g r a d a t i o n a l and occur a l t e r n a t e l y without an 

obvious p a t t e r n . No c o n c e n t r a t i o n of p o r p h y r i t i c quartz monzon­

i t e along an i n f e r r e d western margin was seen. 

The more abundant medium-grained v a r i e t y of N i t h i Quartz 

Monzonite i s a pink to gray, inconspicuously p o r p h y r i t i c rock 

w i t h subhedral to anhedral e n t e r l o c k i n g f e l d s p a r c r y s t a l s and 

aggregates of rounded quartz g r a i n s . P e r t h i t i c m i c r o c l i n e 

commonly i s intergrown w i t h quartz along g r a i n boundaries i n a 

subgraphic t e x t u r e s i m i l a r to Endako Quartz Monzonite. White 

o l i g o c l a s e shows strong o s c i l l a t o r y normal zoning and k a o l i n i z e d 

cores. R e l a t i v e l y abundant s m a l l p l a t e s of b i o t i t e predominate 

over p r i s m a t i c green hornblende. Modal analyses of N i t h i Quartz 

Monzonite are given i n Table 3-6 and F i g . 3-9. 
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P o r p h y r i t i c v a r i e t y of N i t h i quartz monzonite i s d i s t i n g u i s h e d 

by pink m i c r o c l i n e phenocrysts up to 2 cm l o n g , intergrown at mar­

gins and e n c l o s i n g s m a l l e r c r y s t a l s of other m i n e r a l s . Subhedral 

p l a g i o c l a s e and rounded quartz grains are 5 to 7 mm i n s i z e . 

A l i g n e d phenocrysts d e f i n e a weak n o r t h w e s t - s t r i k i n g f o l i a t i o n 

n o r t h of N i t h i Mountain summit. Small, dark i n c l u s i o n s , s i m i l a r 

to those found i n Endako Quartz Monzonite are found throughout the 

u n i t . 

ALTERATION: 

In general, N i t h i Quartz Monzonite u n d e r l y i n g the e n t i r e sum­

mit area of N i t h i Mountain shows some degree of a l t e r a t i o n 

and m i n e r a l i z a t i o n . Drummond, i n a study of geology and 

mineral p o t e n t i a l of N i t h i Mountain area (1966e, p. 4) 

c l a s s i f i e s a l t e r a t i o n features i n t o three groups: 

1. K - f e l d s p a r envelopes are developed l o c a l l y on some q u a r t z -

molybdenite and/or quartz-molybdenite-pyrite v e i n s . 

2. Q u a r t z - s e r i c i t e - p y r i t e envelopes up to 2 f e e t t h i c k 

surround q u a r t z - p y r i t e v e i n s , and appear to be more 

abundant than K - f e l d s p a r envelopes. 

3. P e r v a s i v e k a o l i n i z a t i o n of f e l d s p a r s v a r i e s from weak 

( p l a g i o c l a s e cores a l t e r e d ) to intense ( p l a g i o c l a s e 

destroyed and primary K - f e l d s p a r a t t a c k e d ) . 

Drummond ( I b i d . ) notes a s i m i l a r i t y of host rock and c o r ­

r e l a t i o n of a l t e r a t i o n types between N i t h i Quartz Monzonite 
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and Endako Quartz Monzonite at Endako mine. 

MINERALIZATION: 

Sulphides at N i t h i Mountain appear i d e n t i c a l to those at 

Endako mine but degrees of a l t e r a t i o n and m i n e r a l i z a t i o n 

d i f f e r . Large molybdenite-bearing quartz veins are r a r e at 

N i t h i . Quartz-molybdenite, q u a r t z - m o l y b d e n i t e - p y r i t e , 

q u a r t z - p y r i t e and quartz-hematite veins occur i n N i t h i Quartz 

Monzonite, a p l i t e and porphyry dykes, and to a l e s s e r extent 

i n adjacent Casey A l a s k i t e . The most prominent o r i e n t a t i o n 

of quartz v e i n i n g i n the area i s 070/90. J o i n t s and minor 

shears s t r i k e between northeast and east. M i n e r a l d e p o s i t i o n 

appears to have been c o n t r o l l e d by the i n t e r s e c t i o n of the 

above s t r u c t u r e s w i t h f a u l t s and f r a c t u r e s that s t r i k e 

northwest. 

STRUCTURAL RELATIONS AND AGE: 

Systematic t e x t u r a l v a r i a t i o n s i n d i c a t i v e of marginal f a c i e s 

of a p l u t o n are absent i n exposures of N i t h i Quartz Monzon­

i t e . Rare phenocrysts are d i s t r i b u t e d i n an apparently 

random manner; f o l i a t i o n , where present, i s vague; and no 

c h i l l e d phases were detected. Absence of these s t r u c t u r e s 

i n exposures on f l a n k s of N i t h i Mountain suggests the o r i ­

g i n a l p l u t o n extended a considerable distance westward of 

i t s p r e s e n t l y - d e f i n e d contact. 

N i t h i Quartz Monzonite i s truncated on the west by younger 

S t e l l a k o i n t r u s i o n s . The elongate Endako Quartz Monzonite 



64. 

body, separated from N i t h i Mountain by 4 mi l e s of h e a v i l y 

d r i f t - c o v e r e d ground w i t h sparse S t e l l a k o exposures, i s 

s i m i l a r l y truncated at i t s eastern extremity by S t e l l a k o 

rocks. E x t e r n a l s t r u c t u r a l r e l a t i o n s of Endako and N i t h i 

quartz monzonites support the view that the u n i t s formed a 

continuous west-northwest trending body p r i o r to emplacement 

of S t e l l a k o i n t r u s i o n s . 

Although apparent r e l a t i o n s h i p s between Endako and N i t h i 

quartz monzonites are evid e n t , s u b t l e d i f f e r e n c e s i n minero-

logy and te x t u r e n e c e s s i t a t e mapping as d i s t i n c t u n i t s . An 

Ab-Or-Si0 2 ternary p l o t of Endako and N i t h i modes ( F i g . 3-21) 

shows the u n i t s to be of s i m i l a r f e l d s p a t h i c composition, 

and N i t h i Quartz Monzonite to have the higher average quartz 

content. R e l a t i o n s h i p between the two bodies may be- one of 

the f o l l o w i n g : 

1. A g r a d a t i o n a l change along the s t r i k e of a proposed, 

o r i g i n a l l y continuous west-northwest trending body; or 

2. Two generations of magma from the same source, emplaced 

w i t h i n the same s t r u c t u r a l zone as separate u n i t s , and 

t h e i r h y p o t h e t i c a l contact l a t e r i n t r u d e d by a northward-

tre n d i n g b e l t of quartz monzonite and g r a n o d i o r i t e . 

A minimum Late Upper J u r a s s i c or pre-Casey A l a s k i t e age of 

N i t h i Quartz Monzonite i s i n d i c a t e d by abundant contacts w i t h 

the younger u n i t i n exposures and d i a m o n d - d r i l l core at N i t h i 

Mountain. I n t r u s i v e contacts w i t h Simon Bay d i o r i t e at Mary 
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and Mudhole Lakes are i n f e r r e d . An age of emplacement 

s i m i l a r to that of Endako Quartz Monzonite i s i m p l i c i t i n 

the foregoing discussion of r e l a t i o n s between the u n i t s , 

i . e . Late J u r a s s i c . Radiometric dating of two N i t h i Quartz 

Monzonite specimens from the northern and southern flanks of 

N i t h i Mountain by White (et a l , 1970) y i e l d s ages of 141 and 

138 m i l l i o n years, r e s p e c t i v e l y . These radiometric dates 

confirm that the N i t h i and Endako Quartz Monzonites are 

e s s e n t i a l l y the same age. N i t h i Quartz Monzonite, on the 

basis of a higher quartz content, i s considered the younger 

of the two u n i t s . 

(iv) Glenannan Granite and Quartz Monzonite: 

Glenannan Granite and Quartz Monzonite, which underlies a 

17-square-mile area centred on the town of Endako, may represent 

the southern extremity of a large composite body extending more 

than 8 miles northwest of the map-area (Fig. 3-10). Bright (1967, 

p. 46) has defined the "Glenannan Complex" to include northern 

units mapped by Carr as T a t i n , T i t a n , Triangle and Rex quartz 

monzonites (1966, pp. 120-122), as we l l as Glenannan Granite and 

Quartz Monzonite and N i t h i Quartz Monzonite i n the south. Bright 

notes that units w i t h i n Glennanan Complex have c e r t a i n common 

mineralogical and t e x t u r a l features, notably ubiquitous p e r t h i t e 

megacrysts, and apparently e x h i b i t gradational compositional 

change from marginal glomeroporphyritic granite through quartz 

monzonite to granodiorite. An hypothesis i n v o l v i n g successive 

intrusions from a d i f f e r e n t i a t i n g parental granodiorite magma, 
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Table 3-6 

Modal Analyses of N i t h i Quartz Monzonite 

Microcline Plagioclase''" Quartz Bioti te Hornblende Magnetite 

J .M.C. 2 21 35 35 7 1 1 

J .M.C. 2 30 23 40 6 1 tr 

A . D . D . 3 30 30 35 5 

4684 35 39 20 5 1 tr 

4734 35 37 22 5 1 tr 

N5-794 38 32 26 3 1 

N7-3144 42 32 23 3 tr tr 

N14-7004 39 30 26 4 1 

N13-154 36 28 29 6 1 tr 

1. Plagioclase composition A n 0 0 to An_ Q 

2. J.M. Carr, 1966, pp. 119-120 (visual estimation) 

3. A.D. Drummond, 1966e, p. 2 (visual estimation) 

4. K.M. Dawson (point counter and stained slab) 
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w i t h some w a l l rock a s s i m i l a t i o n , r e s u l t i n g i n a zoned complex 

i s put f o r t h ( B r i g h t , 1967, pp. 77-84). 

In Endako area Glenannan Granite and Quartz Monzonite are 

f r e s h , pink and white, coarse-grained, and commonly conspicuously 

p o r p h y r i t i c . A g r a d a t i o n a l change from g r a n i t e bordering Casey 

A l a s k i t e northward to quartz monzonite along Highway 16 i s marked 

by a s l i g h t increase i n p l a g i o c l a s e and hornblende and a decrease 

i n p e r t h i t i c m i c r o c l i n e phenocrysts. In g r a n i t e , pink m i c r o c l i n e 

phenocrysts may a t t a i n a length of 4 cm whereas rounded quartz 

and white subhedral p l a g i o c l a s e grains are commonly 5 to 7 mm i n 

s i z e . Grain boundaries are w e l l - d e f i n e d i n general, w i t h minor 

myrmekitic intergrowths along m i c r o c l i n e - o l i g o c l a s e boundaries 

v i s i b l e i n t h i n - s e c t i o n . Thick books of brown b i o t i t e enclose 

minor amounts of green hornblende prisms and accessory magnetite, 

a p e t i t e and sphene. Traces of a l l a n i t e ( c e r i a n epidote) are 

reported by B r i g h t (1967, p. 56). Glenannan quartz monzonite 

shows a minor t e x t u r a l v a r i a t i o n from a s s o c i a t e d g r a n i t e i n l e s s 

w e l l - d e f i n e d boundaries of m i c r o c l i n e phenocrysts and tendency 

of m i c r o c l i n e to p o i k i l i t i c a l l y enclose p l a g i o c l a s e and quartz 

c r y s t a l s . Glenannan modal analyses are given i n Table 3-7 and 

F i g . 3-11. 

S i m i l a r i t i e s between Glenannan rocks and N i t h i Quartz Mon­

z o n i t e were noted by Carr (1966, p. 120). B r i g h t redefined N i t h i 

Quartz Monzonite as a phase of the "Glenannan Complex" (1967, p. 

47). The s i m i l a r i t y of the two u n i t s appears to l i e mainly i n a 

s u p e r f i c i a l resemblance of coarse-grained pink and white f e l d s p a r s 
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and i s o f f s e t by the f o l l o w i n g d i s s i m i l a r i t i e s : 

1. M i c r o c l i n e phenocrysts i n N i t h i Quartz Monzonite are s m a l l e r , 

l e s s abundant even i n s t r o n g l y p o r p h y r i t i c phases, and have 

l e s s w e l l - d e f i n e d margins than those i n Glenannan i n t r u s i v e s . 

2. I n a l l t e x t u r a l v a r i a t i o n s of N i t h i Quartz Monzonite p l a g i o ­

c l a s e and m i c r o c l i n e occur as i r r e g u l a r , subhedral to anhedral 

i n t e r l o c k i n g g r a i n s compared to the dominant i n e q u i g r a n u l a r 

t e x t u r e of Glenannan rocks. 

3. N i t h i quartz monzonite i s predominantly a medium-grained, 

s u b p o r p h y r i t i c , r e l a t i v e l y b i o t i t e - r i c h rock bearing stronger 

resemblance to Endako quartz monzonite than to any phase of 

Glenannan i n t r u s i o n s . 

STRUCTURAL RELATIONS AND AGE: 

Glenannan G r a n i t e i s intruded by Casey A l a s k i t e along a w e l l -

defined contact which trends northwest from S t e l l a k o R i v e r to 

Casey Lake f a u l t . Glenannan Gr a n i t e i s truncated on the west 

by a wedge of Endako Quartz Monzonite and Casey A l a s k i t e 

that has been d i s p l a c e d northward along the Casey Lake f a u l t . 

To the east contacts w i t h Simon Bay d i o r i t e and S t e l l a k o 

Quartz Monzonite are i n f e r r e d . No c h i l l i n g of Glenannan 

G r a n i t e was evident adjacent to observed or i n f e r r e d c o n t a c t s . 

Casey A l a s k i t e i s c h i l l e d a g a i n s t Glenannan g r a n i t e i n 

d i a m o n d - d r i l l holes northeast of T a i l i n g s Pond and east of 

Glenannan Road, and has p a r t i a l l y a s s i m i l a t e d Glenannan 

Gra n i t e i n a 20-foot-wide h y b r i d zone east of Casey Lake. 
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L i m i t e d f o l i a t i o n w i t h i n Glenannan i n t r u s i o n s , as defined by 

crude alignment of m i c r o c l i n e phenocrysts, tends to f o l l o w 

the r e g i o n a l northwest to west-northwest Topley trend r a t h e r 

than the s i n u o s i t i e s of adjacent Casey A l a s k i t e c o n t a c t s , 

hence may be primary i n o r i g i n . The southern extremity of 

Glenannan p l u t o n was probably c o n t r o l l e d during emplacement 

by an o l d e r b e l t of Endako Quartz Monzonite. A zone of 

weakness along t h e i r mutual contact was l a t e r i n t r u d e d by 

Casey A l a s k i t e . The general southeast trend of Glenannan 

p l u t o n was apparently terminated against an o l d e r Simon Bay 

D i o r i t e body to the east. Contact between these u n i t s was 

l a t e r i n t r u d e d by a north-northeast trending b e l t of S t e l l a k o 

quartz monzonite and g r a n o d i o r i t e . 

S t r u c t u r a l r e l a t i o n s i n d i c a t e a post-Endako Quartz Monzonite, 

pre-Casey A l a s k i t e age of Glenannan emplacement. Endako and 

Casey u n i t s y i e l d s i m i l a r Late J u r a s s i c r a d i o m e t r i c ages 

(White, et a l , 1968), t h e r e f o r e c l o s e l y bracket Glenannan 

emplacement i n Late J u r a s s i c time. White, et a l (1970) 

obtained the f o l l o w i n g potassium-argon ages f o r Glenannan 

"Quartz Monzonites": 134 + 5, 135 + 5, 140 + 6 m.y. A 

spread i n ages between the younger pegmatitic samples and 

the o l d e r quartz monzonite may represent a p e r i o d of d i f f e r ­

e n t i a t i o n of the Glenannan magma. 



Table 3-7 

Modal Analyses of Glenannan G r a n i t e and Quartz Monzonite 

G r a n i t e 

S p e c i ­
men 

Micro-"'" 
c l i n e 

2 
P l a g i o ­
c l a s e . Quartz 

B i o - Horn-
t i t e blende 

Magne­
t i t e Sphene A p a t i t e 

ADD3 55 15 25 5 - - -

EGB-1 4 70.1 11.2 17.1 1.0 0.3 0.4 0.5 t r 

EGB-2 4 55.0 25.0 20.0 2.0 1.0 0.5 t r t r 

EGB-169 4 55.5 14.3 27.7 2.3 0.5 0.6 t r t r 

EN-171 4 55.8 25.3 17.2 1.6 0.7 1.5 0.4 t r 

EN-168 4 51.9 25.0 17.7 2.8 1.3 1.0 0.8 0.3 

P4-100 5 41 14 43 1 0.5 0.2 0.3 

534 5 50 23 21 4 0.2 1.0 0.6 0.2 

416 5 54 20 23 . 2 0.7 0.2 0.1 

376 5 45 30 22 2 0.3 0.6 0.1 

427 5 48 22 25 3 1.5 0.1 0.4 

Quartz Monzonite 

EGB-8 4 41.4 35.5 14.7 3.5 1.8 1.2 1.4 0.3 

EN-170 4 46.5 32.6 16.3 3.0 1.2 1.0 0.5 t r 

EGB-12 4 42.0 30.0 26.0 2.0 1.0 t r t r t r 

531 5 39 31 23 5 0.2 1 0.5 0.3 

1. A l k a l i f e l d s p a r composition Org^-Or^,. i n g r a n i t e and Org^-Orgg i n quartz 
monzonite and g r a n o d i o r i t e ( B r i g h t , 1967, p. 12). 

2. P l a g i o c l a s e composition ranges ^22 t o ^ n29* 

3. A.D. Drummond, 1966a, p. 3 ( v i s u a l estimation) 

4. E.G. B r i g h t , 1967, p. 49 (point counter and s t a i n e d slab) 

5. K.M. Dawson (point counter and s t a i n e d slab) 
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(v) Casey A l a s k i t e : 

Casey A l a s k i t e i s dominantly a f i n e - to medium-grained pink 

or buff l e u c o c r a t i c granite with minor amounts of medium- to 

coarse-grained p o r p h y r i t i c phases that grade to quartz monzonite. 

The main body of Casey A l a s k i t e l i e s outside the map-area to the 

north of Savory Lake, from which large dyke-like bodies extend 

eastward around Tatin Lake and east-southeast across Endako area 

to Stellako River. A second large arcuate body of Casey A l a s k i t e 

underlies the eastern flanks of N i t h i Mountain from which a 1500-

foot-wide dyke extends southward to N i t h i River (Fig. 3-12). 

Although the Casey A l a s k i t e unit as a whole i s non-uniform 

i n appearance due to varying grain s i z e and degree of development 

of phenocrysts, a l l v a r i e t i e s are characterized by inequigranular 

texture, low b i o t i t e content, traces of muscovite and absence of 

hornblende. The fine-grained phase of a l a s k i t e generally i s 

l o c a l i z e d along margins of the bodies with a gradational change 

inwards to coarse-grained v a r i e t y . Fine-grained a l a s k i t e resembles 

a p l i t e with low b i o t i t e content (l-27o) and granophyric intergrowth 

of quartz-microcline-oligoclase c r y s t a l s . A c h i l l e d phase with 

2 to 3 mm euhedral quartz phenocrysts i n a granophyric groundmass 

and associated pegmatite dykes occurs adjacent to contacts i n 

several l o c a l i t i e s . Medium-grained a l a s k i t e exhibits a more 

granular, sugary texture with abundant aggregated rounded quartz 

grains of c h a r a c t e r i s t i c greasy gray appearance. Coarse-grained 

a l a s k i t e i s a hypidiomorphic inequigranular rock with 5 to 8 mm 

anhedral grains of p e r t h i t i c microcline and quartz p o i k i l i t i c a l l y 
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e n c l o s i n g subhedral p l a g i o c l a s e and minor m i n e r a l s . Phenocrysts 

of m i c r o c l i n e up to 1.5 cm long are abundant l o c a l l y , and a b i o ­

t i t e content of 2 to 4% i s s l i g h t l y higher than i n f i n e r - g r a i n e d 

phases. Casey a l a s k i t e modal analyses are given i n Table 3-8 and 

F i g . 3-13. 

M i c r o c l i n e i n f i n e - g r a i n e d a l a s k i t e i s m i c r o p e r t h i t i c , w i t h 

p l a g i o c l a s e comprising about 1% of the i n d i v i d u a l grains . In 

coarse-grained phases p l a g i o c l a s e forms l a r g e r l a m e l l a e w i t h i n 

m i c r o c l i n e and a l s o occurs as marginal aggregates. P l a g i o c l a s e 

c o n s t i t u t e s about 5 percent of coarse-grained p e r t h i t e . Subhedral 

o l i g o c l a s e (An22~A-n27t) gr a i n s have narrow u n a l t e r e d r i m s , broad 

s e r i c i t i c and a r g i l l i c cores, and show weak o s c i l l a t o r y zoning i n 

coarse-grained phases. Accessory minerals i n c l u d e a p a t i t e , mag­

n e t i t e and sphene. A l l a n i t e was reported by B r i g h t (1967, p. 90). 

STRUCTURAL RELATIONS AND AGE: 

The main body of Casey A l a s k i t e i n Endako area i s a l a r g e 

s a t e l l i t e dyke 11 m i l e s long and 1 to 2 m i l e s wide extending 

east-southeast from a stock north of Savory Lake. The 

a l a s k i t e body has sharp i n t r u s i v e contacts w i t h Glenannan 

G r a n i t e to the north and Endako Quartz Monzonite to the 

south. C h i l l e d contacts w i t h Endako Quartz Monzonite occur 

west of Savory Lake, west of Oval Lake and north of Endako 

mine. In specimens from these l o c a l i t i e s , e f f e c t s of shear­

i n g are shown by deformed p l a g i o c l a s e and b i o t i t e g r a i n s , 

and quartz w i t h strong undulose e x t i n c t i o n . A 20-foot-wide 

zone of h y b r i d rock occurs at Glenannan-Casey contact east 



of Casey Lake where l a r g e m i c r o c l i n e , p l a g i o c l a s e and b i o t i t e 

phenocrysts derived from Glenannan G r a n i t e w a l l rocks are 

inc o r p o r a t e d i n a granophyric m a t r i x . Small a p l i t e and peg­

ma t i t e dykes are abundant adjacent to most a l a s k i t e c o n t a c t s , 

and Carr (1966, p. 123) noted m i a r o l i t i c c a v i t i e s near T a t i n 

Lake. 

Casey porphyry dykes, i n two cases exceeding 100 f e e t i n 

w i d t h , i n t r u d e host rocks adjacent to a l a s k i t e c o n t a c t s . 

The s t r o n g l y p o r p h y r i t i c dykes cont a i n phenocrysts of micro­

c l i n e , quartz and p l a g i o c l a s e i n an a p l i t i c m a t r i x , and are 

c o m p o s i t i o n a l l y s i m i l a r to a l a s k i t e . 

A stock of Casey A l a s k i t e about 15 square m i l e s i n area 

u n d e r l i e s the eastern f l a n k of N i t h i Mountain. A l a s k i t e 

shows w e l l - d e f i n e d contacts w i t h N i t h i Quartz Monzonite on 

surface and i n d i a m o n d - d r i l l core, w i t h a t e x t u r a l g r a d a t i o n 

from f i n e - g r a i n e d to medium- or coarse-grained inward from 

c o n t a c t s , and narrow c h i l l zones. Outside the map-area, the 

eastern boundary of Casey A l a s k i t e stock i s defined by a 

contact w i t h N i t h i Quartz Monzonite south of Foster Lakes, 

and both u n i t s are o v e r l a i n by Endako Group v o l c a n i c rocks 

east of F o s t e r Lakes. 

Emplacement of the Casey A l a s k i t e s a t e l l i t e dyke apparently 

has been c o n t r o l l e d by a weakened zone along a p r e - e x i s t i n g 

west-northwest-trending Endako Quartz Monzonite-Glenannan 

Gra n i t e contact. C o n t i n u i t y of the s a t e l l i t e dyke i s d i s ­

rupted by a northward-displaced f a u l t b l ock of Endako Quartz 



Table 3-8 

Modal Analyses of Casey A l a s k i t e 

G r a n i t e 

S p e c i ­
men 

M i c r o ­
c l i n e 

Plagio-"'" 
c l a s e Quartz 

B i o ­
t i t e Muscovite Magnetite Accessories 

ADD2 45 18 35 2 - t r t r 
3 

JMC 40 25 33 2 - - -

EN-184 4 52.0 11.0 37.0 t r t r t r t r 

EN-202 4 45.3 20.1 33.1 1.5 - t r t r 

EN-185 4 40.0 25.0 33.0 1.0 t r t r t r 

546 5 46 23 29 2 - - t r 

286 5 51 17 31 1 t r - t r 

311 5 41 21 36 2 t r - t r 

406 5 45 18 35 2 t r - t r 

480 5 41 21 37 1 - - t r 

Quartz Monzonite 

EN-186 4 30 30 36 3 t r 1 -

495 5 41 25 31 3 t r t r t r 

299 5 40 24 34 2 - t r t r 

1. P l a g i o c l a s e composition 

2. A.D. Drummond, 1967, p. 

ranges A n 2 2 to A n ^ 

6 ( v i s u a l estimation) 

3. J.M. Carr, 1966, p. 123 ( v i s u a l estimation) 

4. E.G. B r i g h t , 1967, p. 87 (point counter and s t a i n e d - s l a b ) 

5. K.M. Dawson, (po i n t counter and s t a i n e d slab) 



FIGURE 3 - 1 3 

C a s e y A l a s k i t e Modes 

Bright specimen 
Carr s p e c i m e n 
Dawson specimen 
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+• 

Drummond specimen A 
Average mode . • 
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Monzonite and a north-n o r t h e a s t - t r e n d i n g b e l t of younger 

S t e l l a k o i n t r u s i o n s . The c e n t r a l p a r t of N i t h i Quartz Mon­

zo n i t e stock has been in t r u d e d by a sm a l l e r stock of Casey 

A l a s k i t e probably o r i g i n a l l y connected w i t h the s a t e l l i t e 

dyke at depth. Although Casey A l a s k i t e e x h i b i t s some 

a s s i m i l a t i o n of w a l l rocks; a general l a c k of x e n o l i t h s and 

f o l i a t i o n and presence of c h i l l e d contacts and m i a r o l i t i c 

c a v i t i e s i n d i c a t e a high l e v e l of emplacement. 

S t r u c t u r a l r e l a t i o n s show Casey A l a s k i t e to be younger than 

Endako, N i t h i and Glenannan phases of Topley I n t r u s i o n s , and 

o l d e r than S t e l l a k o i n t r u s i o n s and Endako Group v o l c a n i c 

rocks. The Late J u r a s s i c age i n d i c a t e d by f i e l d r e l a t i o n s i s 

v e r i f i e d by r a d i o m e t r i c d a t i n g . Casey A l a s k i t e from the 

eastern shore of Casey Lake y i e l d s a potassium-argon age of 

139 + 5 m i l l i o n years (White, et a l , 1968), and a specimen 

l o c a t e d 3 m i l e s northeast of the v i l l a g e of Endako y i e l d s an 

age of 137 + 6 m i l l i o n years (White, et a l , 1970). 

( v i ) F r ancois G r a n i t e : 

This u n i t forms the southwestern margin of the b a t h o l i t h , 

where i t u n d e r l i e s an i r r e g u l a r wedge-shaped area 4 miles long and 

averaging 1-1/2 miles wide ( F i g . 3-14). The g r a n i t e body trends 

west-northwestward from Francois Lake and i s o v e r l a i n p a r t i a l l y by 

T e r t i a r y v o l c a n i c rocks to the west. I n t r u s i v e contacts w i t h 

Takla Group p y r o c l a s t i c rocks on the south and Endako Quartz Mon­

z o n i t e on the north are w e l l d e f i n e d . 
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The rock i s t y p i c a l l y a r e d , medium-grained, hypidiomorphic 

granular b i o t i t e g r a n i t e . I t i s r e a d i l y d i s t i n g u i s h e d by i t s 

c o l o u r , l a c k of phenocrysts l a r g e r than 5 mm, "mottled" t e x t u r e 

of p o i k i l i t i c red m i c r o c l i n e and greenish-white subhedral p l a g i o ­

c l a s e , s m a l l quartz grains o f t e n g r a p h i c a l l y intergrown w i t h 

m i c r o c l i n e , low hornblende content and l a c k of f o l i a t i o n . G r a i n 

s i z e i s mainly 3 to 4 mm, w i t h f i n e - g r a i n e d weakly p o r p h y r i t i c 

c h i l l e d phases adjacent to T a k l a Group and Endako Quartz Monzonite 

co n t a c t s , and a s l i g h t l y coarser-grained v a r i e t y which grades 

l o c a l l y to quartz monzonite along Francois Lake to the east. 

M i c r o p e r t h i t i c m i c r o c l i n e i s e i t h e r g r a p h i c a l l y intergrown 

w i t h quartz i n a granophyric texture i n f i n e - g r a i n e d phases 

of"'the rock, or w i t h quartz i s i n t e r s t i t i a l to p l a g i o c l a s e i n 

medium-grained rocks. O l i g o c l a s e i s normally zoned w i t h c a l c i c 

cores a l t e r e d to a l i g h t green a r g i l l i c mixture of k a o l i n i t e , 

s e r i c i t e and carbonate. B i o t i t e i s c h l o r i t i z e d commonly and i s 

a s s o c i a t e d w i t h minor p r i s m a t i c green hornblende and secondary 

y e l l o w b i o t i t e . A l s o a s s o c i a t e d w i t h b i o t i t e are the accessory 

minerals magnetite, sphene, a p a t i t e , p y r i t e and z i r c o n w i t h p l e o -

c h r o i c h a l o s . Modal analyses of Francois Granite are given i n 

Table 3-9 and F i g . 3-15. 

A l l minerals of Francois g r a n i t e show v a r i o u s stages of 

d e u t e r i c or hydrothermal a l t e r a t i o n . Rocks near margins of the 

u n i t are most i n t e n s e l y a l t e r e d and show a d i s t i n c t i v e b r i c k red 

colour due, i n p a r t , to f i n e - g r a i n e d a r g i l l i c a l t e r a t i o n of 

f e l d s p a r s and o x i d a t i o n of i r o n ores. 



FIGURE 3-14 

REGIONAL DISTRIBUTION OF F R A N C O I S G R A N I T E 
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MINOR INTRUSIONS: 

Two dyke rocks, p o r p h y r i t i c quartz monzonite and " r a p a k i v i " 

porphyry cut Francois Granite. The three u n i t s are s i m i l a r 

i n composition and may be r e l a t e d g e n e t i c a l l y . 

P o r p h y r i t i c Quartz Monzonite: 

Large quartz monzonite dykes that i n t r u d e Takla Group rocks 

to the south s t r i k e northwestward towards adjacent Francois 

Granite contact. Dykes are medium- to coarse-grained rocks 

c o n t a i n i n g pink m i c r o p e r t h i t i c m i c r o c l i n e phenocrysts up to 

2 cm long. Texture of the p h a n e r i t i c matrix, w i t h m i c r o c l i n e 

and quartz i n t e r s t i t i a l to o l i g o c l a s e i s not u n l i k e that of 

Francois G r a n i t e , although coarser-grained. These dykes 

probably were emplaced i n t o f r a c t u r e d w a l l rocks as a l a t e 

p o r p h y r i t i c phase of Francois magma, being s i m i l a r i n t h i s 

respect to Casey porphyry dykes to the north. Two small 

equigranular quartz monzonite dykes which cut Endako quartz 

monzonite adjacent to Francois g r a n i t e contact southeast of 

Endako mine are probably of s i m i l a r o r i g i n . 

" R a p a k i v i " Porphyry: 

West of Endako mine, on Nu-Elk cl a i m s , dykes whose pheno­

c r y s t s i n c l u d e pink o r t h o c l a s e mantled by white p l a g i o c l a s e 

have been c a l l e d v a r i o u s l y "QOP dykes" by Carr (1966, p. 128) 

and " r a p a k i v i porphyry" by Drummond (1966a, p. 4 ) . The rock 

contains quartz, o r t h o c l a s e and p l a g i o c l a s e phenocrysts i n 

a r e d d i s h , a p h a n i t i c matrix, and resembles c h i l l e d Francois 
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G r a n i t e . A s i m i l a r dyke i n Francois Granite was noted two 

miles southwest of Endako mine on U t i c a Mines c l a i m s . 

Mantled K - f e l d s p a r g r a i n s have been reported i n Francois 

G r a n i t e by Drummond, l e a d i n g him to conclude that r a p a k i v i 

porphyry i s probably a dyke phase of Francois G r a n i t e ( I b i d . , 

pp. 2-4). Occurrence of t h i s unique dyke c u t t i n g Endako 

Quartz Monzonite i n d i a m o n d - d r i l l holes U - l and J-3 west of 

Endako mine has l e d to the i n t e r p r e t a t i o n of an i n f e r r e d 

Francois G r a n i t e contact a short d i s t a n c e to the south. 

STRUCTURAL RELATIONS AND AGE: 

Weakly p o r p h y r i t i c Francois G r a n i t e i s c h i l l e d , a l t e r e d and 

o c c a s i o n a l l y sheared adjacent to i t s w e l l - d e f i n e d i n t r u s i v e 

contact w i t h Takla Group p y r o c l a s t i c r o c k s . No thermal meta­

morphism of Takla rocks was detected. 

Francois G^anite-Endako Quartz Monzonite contact i s sharply 

defined f o r 4000 f e e t i n an area of good rock exposure south­

east of Endako mine. Narrow c h i l l e d zones along the contact 

show s m a l l phenocrysts of p l a g i o c l a s e and quartz i n a grano­

p h y r i c m a t r i x . A p l i t e and pegmatite dykes are common i n 

both u n i t s near the contact. M i a r o l i t i c c a v i t i e s one i n c h 

i n diameter l i n e d w i t h euhedral quartz c r y s t a l s occur i n 

f i n e - g r a i n e d Francois Gjranite near a s m a l l l a k e south of the 

contact. Contacts to the east and west of t h i s zone are 

l a r g e l y i n f e r r e d . 
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Francois G r a n i t e l a c k s f o l i a t i o n and contains s m a l l rounded 

i n c l u s i o n s s i m i l a r to those i n Endako Quartz Monzonite. 

Dominant a t t i t u d e s of s h e a r i n g , j o i n t s and dykes w i t h i n the 

u n i t are west-northwest, north and northeast w i t h steep dips 

to southwest, west and northwest. 

I n t r u s i v e r e l a t i o n s of Francois Granite w i t h both Takla Group 

v o l c a n i c rocks and Endako Quartz Monzonite i n d i c a t e a Late 

J u r a s s i c or younger age. An i n f e r r e d , unconformable contact 

w i t h Endako Group flows sets a minimum age f o r the u n i t as 

Eocene. Radiometric dating of two specimens of Francois 

G r a n i t e by White, et a l (1970) y i e l d e d i d e n t i c a l ages of 137 

m i l l i o n years. Francois G r a n i t e , by t h i s evidence, i s the 

same age as Casey A l a s k i t e or s l i g h t l y younger. 

Francois G r a n i t e and Casey A l a s k i t e are s i m i l a r i n some r e s ­

pects other than r a d i o m e t r i c age. Both u n i t s are predominantly 

g r a n i t i c i n composition, d i f f e r i n g i n t h i s respect from the 

predominantly quartz monzonitic composition of most other 

Topley u n i t s . The two plutons have i n common s e v e r a l of 

Buddington's ( 1 9 5 9 , p. 674) e p i z o n a l c r i t e r i a i n c l u d i n g d i s ­

cordant form, n o n - f o l i a t e d t e x t u r e , c h i l l e d granophyric 

margins and m i a r o l y t i c c a v i t i e s . D i s t i n c t i v e porphyry dykes 

that probably are r e l a t e d to each u n i t i n t r u d e host rocks 

near contact zones. Casey A l a s k i t e and Francois G r a n i t e are 

elongate plutons that f o l l o w p a r a l l e l west-northwest trends 

f l a n k i n g Endako Quartz Monzonite on the north and south, 

r e s p e c t i v e l y . 
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S i m i l a r i t i e s between the u n i t s i n composition, s t r u c t u r e 

and r a d i o m e t r i c age support the view that Francois Granite 

i s more c l o s e l y r e l a t e d to Casey A l a s k i t e i n o r i g i n , mode 

of emplacement and age than to other members of the Topley 

I n t r u s i o n s . A t e r n a r y q u a r t z - K - f e l d s p a r - p l a g i o c l a s e p l o t 

of modal compositions of the u n i t s (Fig.3-20) shows a l l but 

one of the Casey A l a s k i t e modes p l o t w i t h i n the Francois 

G r a n i t e f i e l d . An Ab-Or-SiO^ ternary p l o t of average modal 

compositions of the Topley u n i t s (Fig.3-21) shows Francois 

Granite to be the highest i n o r t h o c l a s e content and Casey 

A l a s k i t e the highest i n quartz. Since s t r u c t u r a l and r a d i o ­

m e t r i c evidence a t t e s t to the youth of these u n i t s r e l a t i v e 

to other Stage 2 Topley p l u t o n s , a d i f f e r e n t i a t i o n trend w i t h 

enrichment i n s i l i c a and a l k a l i e s i s evident. As the l a s t 

rock u n i t i n a s e r i e s that ranges from d i o r i t e through to 

g r a n i t e , Francois Granite marks the terminus of the second 

stage of Topley plutonism. 

( v i i ) S t e l l a k o Quartz Monzonite and G r a n o d i o r i t e : 

R e l a t i v e l y young quartz monzonites and g r a n o d i o r i t e s form a 

discordant b e l t trending north-northeastward across the eastern 

h a l f of the map-area. I s o l a t e d exposures separated by wide areas 

of overburden occupy a zone 8-1/2 miles long and 3-1/2 m i l e s wide 

that trends north from the mouth of N i t h i R iver to Deserter Lake 

and Parker Bay on Fraser Lake ( F i g . 3-16). 



Table 3-9 

Modal Analyses of Francois Granite 

S p e c i ­
men 

M i c r o ­
c l i n e 

P l a g i o ­
c l a s e Quartz B i o t i t e 

Horn­
blende 

Magne­
t i t e Sphene P y r i t e 

D° 45 • 15 34 5 0 .5 .5 0 

EN-190* 48.0 9.8 29.8 8.7 2.4 1.2 t r 0 

EM-193* 39.4 18.8 32.0 2.5 IvO 0.5 t r 0 

EN-191* 46.0 16.0 32.0 5.0 t r 1.0 t r 0 

EN-194* 35.7 31.0 25.3 6.2 1.5 1.0 t r 0 

EN-192* 33.7 28.8 29.9 5.4 0.7 1.2 t r 0 

C+ 35 29 30 5 0 .5 .5 0 

137 54 21 23 1 0 1 0 0 

148 43 22 31 3 0 1 0 0 

149 60 16 21 2 0 .5 .5 0 

169 53 10 35 1 0 .2 .5 .3 

171 60 12 25 .5 .5 1 .5 .5 

173 65 10 21 2 0 0 0-'- 2 

PB-21 49 15 35 1 0 0 0 0 

FG 43 18 35 3 0 1 0 0 

243 55 18 23 1 0 2 1 0 

253 44 15 38 2 0 1 0 0 

260 55 16 25 3 0 1 0 0 

282 49 21 27 2 0 .5 0 0 

290 51 23 22 4 0 .5 0 0 

291 41 28 25 5 0 1 0 0 

343 48 18 34 0 0 0 0 0 

360 41 18 37 3 0 1 .1 0 

365 52 19 27 1 0 1 0 0 
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Table 3-9 (Continued) 

1. C a l c u l a t e d average mode: m i c r o c l i n e 48%; p l a g i o c l a s e 18%, 
quartz 29%; b i o t i t e 3%; acc e s s o r i e s 2%. 

2. Average composition of p l a g i o c l a s e i s A^^. Composition ranges 
from An^^ t o J^ n28* 

3. Modal analyses by other authors: 

"Drummond, 1967 ( v i s u a l estimation) 
* B r i g h t , 1967 (point counter and st a i n e d slab) 
+Carr, 1966 ( v i s u a l estimation) 

4. A l k a l i f e l d s p a r from f i n e - g r a i n e d g r a n i t e has composition Or „ 
( B r i g h t , 1967, p. 12). 



F I G U R E 3 - 1 5 
F r a n c o i s G r a n i t e M o d e s 

C a r r s p e c i m e n X Drummond s p e c i m e n A 
B r i g h t s p e c i m e n 0 A v e r a g e m o d e • 
D a w s o n s p e c i m e n + 
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S t e l l a k o quartz monzonites vary somewhat i n appearance but 

are g e n e r a l l y f i n e - to medium-grained g r a y i s h - p i n k hypidiomorphic 

granular rocks d i s t i n g u i s h a b l e from other Topley quartz monzonites 

by t h e i r f i n e r g r a i n s i z e and higher mafic mineral content. 

T y p i c a l f i n e - to medium-grained inconspicuously p o r p h y r i t i c quartz 

monzonites occur along S t e l l a k o R i v e r and near Mary Lake. In 

both l o c a l i t i e s , minor f o l i a t i o n of hornblende and b i o t i t e i s 

accentuated p a r a l l e l to contacts w i t h o l d e r u n i t s . P o r p h y r i t i c 

phases of S t e l l a k o Quartz monzonite w i t h m i c r o c l i n e phenocrysts 

up to 1 cm long occur near A l f and Mudhole Lakes and on the west­

ern f l a n k of N i t h i Mountain. 

S t e l l a k o G r a n o d i o r i t e i s d i s t i n g u i s h e d from a s s o c i a t e d Quartz 

Monzonite by gray c o l o u r , n o n - p o r p h y r i t i c t e x t u r e and higher mafic 

m i n e r a l content, w i t h hornblende commonly i n excess of b i o t i t e . 

G r a n o d i o r i t e i s g e n e r a l l y a hypidiomorphic i n e q u i g r a n u l a r rock, 

l o c a l l y f o l i a t e d , and c o n t a i n i n g r a r e 3 to 5 mm phenocrysts of 

p l a g i o c l a s e and hornblende. F i n e - g r a i n e d , n o n - f o l i a t e d grano­

d i o r i t e on Doe m i n e r a l claims at east end of Francois Lake con­

t r a s t s w i t h medium-grained, f o l i a t e d and weakly p o r p h y r i t i c 

g r a n o d i o r i t e , to the north along S t e l l a k o Road. Exposures of 

g r a n o d i o r i t e on F r a s e r Lake.contain sub-rounded x e n o l i t h s of 

d i o r i t e and amphibolite which are p a r t i c u l a r l y abundant adjacent 

to the contact w i t h Simon Bay d i o r i t e . Although S t e l l a k o grano­

d i o r i t e contains minor d i o r i t i c phases and shows some f o l i a t i o n , 

the u n i t may be d i s t i n g u i s h e d from Simon Bay d i o r i t e and grano­

d i o r i t e by f i n e r g r a i n s i z e , lower mafic m i n e r a l content and l a c k 

of strong f o l i a t i o n c h a r a c t e r i s t i c of the older rock. Modal 

analyses are given i n Table 3-10 and F i g . 3-17. 
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MINOR INTRUSIONS: 

Fine-grained hornblende diorite and quartz diorite dykes, 

commonly more than 25 feet wide, cut Stellako intrusions at 

Stellako River and Mouse Point on Fraser Lake. Similar 

dykes occur at or near contacts between other Topley members, 

particularly Casey Alaskite - Glenannan Granite contact east 

of Casey Lake, Casey Alaskite-Endako Quartz Monzonite contact 

at Tailings Creek and west of Savory Lake, and in Simon Bay 

diorite adjacent to i t s contact with Stellako quartz monzon­

i t e near Alf Lake. The quartz diorite exposure i n the canyon 

of Tailings Creek was mapped as "Pond quartz diorite stock" 

by Carr (1966, p. 125), whereas detailed mapping has shown 

i t to be a 60-foot-wide dyke trending N 15 E. Spatial 

relationships, relative age and composition of these minor 

intrusions suggest a genetic relation to Stellako Quartz 

Monzonite and Granodiorite. 

STRUCTURAL RELATIONS AND AGE: 

Stellako Quartz Monzonite and Granodiorite has been emplaced 

as a broad discordant, north-northeast-trending belt at 

right angles to the regional west-northwest trend of older 

Topley rocks. Stellako intrusions exhibit degrees of f o l i ­

ation, shearing and c h i l l i n g at a l l observed contacts with 

members of the Topley Intrusions bordering the belt of 

younger rocks. Stellako Quartz Monzonite sharply truncates 

Casey Alaskite along Stellako River where shearing and 

gneissic banding of mafix occurs parallel to a well-defined 
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contact along the west bank of the r i v e r . An adjacent con­

t a c t w i t h Endako Quartz Monzonite i s obscured by t a l u s , and 

contact w i t h the Glenannan g r a n i t e downstream i s i n f e r r e d . 

Quartz monzonite i s f o l i a t e d p a r a l l e l to f o l i a t i o n i n Simon 

Bay d i o r i t e at Mary and Mudhole Lakes, and potash metasoma­

ti s m of the d i o r i t e adjacent to i t s contacts was noted 

( B r i g h t , 1967, p. 97). At Mudhole Lake p o r p h y r i t i c quartz 

monzonite decreases i n g r a i n s i z e towards a contact w i t h 

Simon Bay d i o r i t e and the r e s u l t i n g c h i l l e d rock contains 

l o c a l segregations of g r a n i t e pegmatite (Carr, 1966, p. 124). 

A s m a l l exposure of S t e l l a k o g r a n o d i o r i t e on N i t h i Mountain, 

l y i n g 100 f e e t west of the main body of N i t h i quartz monzon­

i t e , e x h i b i t s strong f o l i a t i o n p a r a l l e l to the i n f e r r e d 

c ontact. 

Discordant trend and contact r e l a t i o n s of S t e l l a k o i n t r u s i o n s 

i n d i c a t e the rocks were emplaced by f o r c e f u l i n t r u s i o n w i t h 

s t o p i n g , a s s i m i l a t i o n and metasomatism of host r o c k s , as a 

l a t e phase of Topley plutonism. A Late J u r a s s i c or younger 

age i s i n d i c a t e d by sharp t r u n c a t i o n of the elongate Casey 

A l a s k i t e body at S t e l l a k o R i v e r . S t e l l a k o Quartz Monzonite 

i s o v e r l a i n by Endako Group a n d e s i t i c and b a s a l t i c l avas of 

Eocene age east of A l f Lake and along the northwest shore of 

F r a s e r Lake. 

F i e l d r e l a t i o n s are i n accord w i t h r a d i o m e t r i c ages s t r a d d l i n g 

the Upper Jurassic-Lower Cretaceous boundary as defined by 

Howarth (1964). S t e l l a k o Quartz Monzonite from the Lower 
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Stellako River yields a radiometric age of 136 + 5 million 

years (White, et a l , 1970). Stellako Granodiorite from a 

road-cut on Stellako Road yields an age of 137 million years 

(Ibid.). The radiometric dates confirm that Stellako Quartz 

Monzonite and Granodiorite are indeed related temporally as 

well as spatially. Stellako intrusions probably were 

emplaced shortly after Francois Granite, possibly with the 

quartz monzonitic phase succeeding the earlier granodioritic 

phase. 

( v i i i ) Fraser Quartz Monzonite: 

Two adjacent exposures of a distinctive pink quartz monzonite 

occur along Highway 16 at the west end of Fraser Lake (Fig. 3-18). 

The exposures occur within a restricted area of contrasting low 

magnetic susceptibility indicating the unit probably forms a 

small stock which transects adjacent Stellako Quartz Monzonite 

and Granodiorite (Carr, 1966, p. 125). 

The rock is a fresh, medium-grained, subporphyritic pink 

biotite-hornblende quartz monzonite. Perthitic microcline i s 

sub-graphically intergrown with quartz and p o i k i l i t i c a l l y encloses 

smaller subhedral plagioclase, prismatic green hornblende and red-

brown bio t i t e . The finer-grained groundmass i s partly granophyric. 

Accessory minerals include magnetite, sphene and apatite. Rounded 

d i o r i t i c inclusions similar to those in adjacent Stellako intru-

sives occur in both outcrops. Three modal analyses are given in 

Table 3-11 and Fig. 3-19. 
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STRUCTURAL RELATIONS AND AGE: 

The westernmost of the two Fraser Quartz Monzonite outcrops 

i s the f i n e r - g r a i n e d and probably i s c l o s e r to the edge of a 

stock of about one square m i l e area. Granophyric t e x t u r e 

and absence of f o l i a t i o n i n d i c a t e a high l e v e l of emplacement 

w i t h i n the b e l t of S t e l l a k o i n t r u s i o n s . E a r l y Cretaceous 

r a d i o m e t r i c ages of 112 and 114 m.y. obtained from Fraser 

quartz monzonite (W.H. White, et a l , 1970) show the stock to 

be the youngest phase of Topley I n t r u s i o n s recognized i n the 

Endako area. 

Table 3-11 

Modal Analyses of Fra s e r Quartz Monzonite 

M i c r o c l i n e Plagioclase"'' Quartz Hornblende B i o t i t e Accessories 

JMC 2 30 50 15 2 3 1 

EGB 3 32 43 18 5 2 1 

536 34 41 19 4 2 1 

1. P l a g i o c l a s e composition i s An^g. 

2. J.M. Car r , 1966, p. 126 ( v i s u a l estimation) 

3. E.G. B r i g h t , 1967, p. 100 (point counter and s t a i n e d slab) 
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(c) E v o l u t i o n of the B a t h o l i t h  

Stage 1: 

F o l i a t e d rocks of the Simon Bay D i o r i t e Complex are the o l d e s t 

members of Topley I n t r u s i o n s recognized i n Endako area. S i m i l a r d i o -

r i t i c phases of the b a t h o l i t h northeast of the map-area form p a r t l y 

concordant plutons f l a n k i n g and i n t r u d i n g Cache Creek Group rocks 

along the western margin of the Stuart Lake High. F o l i a t i o n i n Simon 

Bay rocks i s mainly of primary o r i g i n and g e n e r a l l y conforms to the 

r e g i o n a l northwest trend of the b a t h o l i t h . F o l i a t i o n i n unsheared 

d i o r i t i c r o c k s , as defined by a l i g n e d mafic minerals and i n c l u s i o n s 

a s s o c i a t e d w i t h i n t e r l o c k i n g f e l d s p a r s and q u a r t z , probably was 

generated during emplacement of a magma. Lenses and bands of gabbro, 

amphibolite and gneiss a l i g n e d p a r a l l e l to f o l i a t i o n probably represent 

screens of w a l l r o c k which have undergone v a r i o u s stages of metamorphism 

and metasomatism i n a mesozonal environment. The presence of abundant 

angular x e n o l i t h s of d i o r i t i c composition supports a mechanism of mag-

matic stoping and a s s i m i l a t i o n r a t h e r than g r a n i t i z a t i o n . The Simon 

Bay D i o r i t e Complex i s the southwestern extension of a l a r g e mesozonal 

p l u t o n which was i n t r u d e d along r e g i o n a l northwest zones of weakness 

f l a n k i n g S t u a r t Lake High, i n Middle J u r a s s i c time. 

Stage 2: 

Topley u n i t s of Stage 2 represent a s h o r t , almost continuous 

p e r i o d of r e l a t i v e l y shallow l e v e l igneous a c t i v i t y i n Late J u r a s s i c 

time. L i m i t e d r a d i o m e t r i c data i n d i c a t e a time span of about 18 

m i l l i o n years between emplacement of Stage 1 d i o r i t i c phases and the 
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predominantly quartz monzonitic rocks of Stage 2. Stage 2 u n i t s , 

i n c l u d i n g Endako, N i t h i , Glenannan, Casey and Francois p l u t o n s , were 

emplaced i n a northwest to west-northwest trend which f o l l o w s a pre­

e x i s t i n g g r a i n i n o l d e r d i o r i t e s and a l s o represents repeated f r a c t u r ­

i n g and i n t r u s i o n under n o r t h e a s t e r l y - d i r e c t e d compression. 

Endako and N i t h i Quartz Monzonites are medium- to coarse-grained 

s u b - p o r p h y r i t i c , n o n - f o l i a t e d rocks. S t r u c t u r a l and p e t r o l o g i c a l 

evidence c i t e d p r e v i o u s l y i n d i c a t e s the u n i t s may be one, o r i g i n a l l y 

continuous body or two generations of magma from the same source. An 

Ab-0r-Si02 p l o t of t h e i r average modal compositions ( F i g . 3-21) shows 

N i t h i Quartz Monzonite to be s l i g h t l y more s i l i c e o u s than Endako, 

hence p o s s i b l y the younger. Absence of f o l i a t i o n i n Endako and N i t h i 

Quartz Monzonites suggests a mainly l i q u i d mode of t r a n s f e r from 

depth to an e p i z o n a l environment of emplacement. Average Ab-Or-SiO^ 

compositions i n F i g . 3-21 show that Endako Quartz Monzonite has the 

most b a s i c composition of the Stage 2 Topley p l u t o n s . Composition of 

successive i n t r u s i o n s show enrichment i n s i l i c a and/or potash, c u l ­

minating i n Francois G r a n i t e . The sequence of Stage 2 plutons may 

represent d i f f e r e n t i a t i o n of a p a r e n t a l g r a n o d i o r i t i c magma. I t i s of 

i n t e r e s t to note that m i neral deposits are p r e f e r e n t i a l l y a s s ociated 

w i t h e a r l i e r phases of the b a t h o l i t h i n t h i s case, i . e . Endako and 

N i t h i Quartz Monzonites, r a t h e r than l a t e r , g r a n i t i c d i f f e r e n t i a t e s . 

F o l l o w i n g the c o n s o l i d a t i o n of Endako and N i t h i plutons was the 

emplacement of a new generation of magma, represented by Glenannan 

G r a n i t e and Quartz Monzonite i n Endako area, and r e l a t e d bodies to the 

north . The l a r g e zoned p l u t o n , which grades from p o r p h y r i t i c g r a n i t e 
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i n the south to g r a n o d i o r i t e n o r t h of the map-area, was emplaced 

along a r e g i o n a l , northwest zone of weakness between Endako and Simon 

Bay p l u t o n s . An e p i z o n a l environment of emplacement (Buddington, 

1959) s i m i l a r to that of e a r l i e r i n t r u s i o n s i s i n d i c a t e d by the 

presence of granophyre and conspicuously p o r p h y r i t i c g r a n i t e border 

phases. A weak northwest f o l i a t i o n , defined by a l i g n e d m i c r o c l i n e 

phenocrysts i n the g r a n i t e zone, i s e v i d e n t l y a primary flow s t r u c t u r e 

developed i n a f l u i d magma. B r i g h t (1967, pp. 77-84) has developed 

an hypothesis e x p l a i n i n g zonation i n the Glenannan p l u t o n by d i f f e r ­

e n t i a t i o n of a parent g r a n o d i o r i t e magma. B r i g h t p o s t u l a t e s o r i g i n a l 

d i f f e r e n t i a t i o n w i t h i n the magma chamber to an upper g r a n i t i c f r a c t i o n , 

enriched i n a l k a l i e s and p e r t h i t e megacrysts, an i n t e r v e n i n g quartz 

monzonitic f r a c t i o n , and a g r a n o d i o r i t e magma at depth. Successive 

i n t r u s i o n of these phases, w i t h g r a n i t e preceding quartz monzonite and 

g r a n o d i o r i t e , and younger phases mixing completely w i t h o l d e r i n t r u s i o n s 

along t h e i r c o n t a c t s , r e s u l t e d i n a gra d a t i o n a l l y - z o n e d p l u t o n . 

I n t r u s i o n of discordant stocks and s a t e l l i t e dykes of Casey 

A l a s k i t e c l o s e l y followed the c o o l i n g and c o n s o l i d a t i o n of Glenannan 

i n t r u s i v e s . These bodies of d i s t i n c t i v e l e u c o c r a t i c g r a n i t e and quartz 

monzonite in t r u d e d r e g i o n a l northwest and west-northwest f r a c t u r e 

systems, zones of i n t e r s e c t i o n of northwest and northeast r e g i o n a l 

f r a c t u r e s , and a zone of weakness along the Endako-Glenannan contact. 

Form and trend of a l a s k i t e bodies i n d i c a t e s o r i g i n by f o r c e f u l i n j e c ­

t i o n of a mobile g r a n i t i c magma. E p i z o n a l c h a r a c t e r i s t i c s , i n c l u d i n g 

c h i l l e d , granophyric border zones, l a c k of f o l i a t i o n and x e n o l i t h s , 

and presence of m i a r o l i t i c c a v i t i e s , i n d i c a t e a shallow depth of 

emplacement. Radiometric d a t i n g shows Casey A l a s k i t e to be c l o s e l y 
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r e l a t e d i n time to Glenannan plutonism, yet no p e t r o l o g i c a l s i m i l a r i ­

t i e s i n d i c a t i v e of gen e t i c r e l a t i o n s h i p between the two u n i t s were 

noted. While the Glenannan p l u t o n was s t i l l c o o l i n g , a new magma high 

i n s i l i c a and a l k a l i e s ( F i g . 3-13) and low i n mafic c o n s t i t u e n t s was 

probably forming at depth. A p e r i o d of strong r e g i o n a l f r a c t u r i n g 

r e l a t e d to s t r e s s e s generated by c o o l i n g of the Glenannan p l u t o n and 

upward pressure of a l a s k i t e magma c o n t r o l l e d the emplacement of d i s ­

cordant stocks and dykes of a l a s k i t e . 

Contemporaneously w i t h or s l i g h t l y l a t e r than emplacement of 

Casey A l a s k i t e , the parent magma of red Francois G r a n i t e i n t r u d e d 

Endako Quartz Monzonite along the south-western margin of Topley batho­

l i t h . Francois Granite and Casey A l a s k i t e have strong e p i z o n a l charac­

t e r i s t i c s i n common, as w e l l as p e t r o l o g i c a l and s t r u c t u r a l s i m i l a r i t i e s . 

The u n i t s probably were emplaced almost simultaneously as elongate 

d y k e - l i k e bodies f o l l o w i n g zones of weakness along contact zones 

f l a n k i n g Endako Quartz Monzonite on the n o r t h and south. G r a n i t e and 

a l a s k i t e probably were derived from a common r e s i d u a l magma enriched 

i n s i l i c a and a l k a l i e s r e l a t i v e to e a r l i e r Endako, N i t h i and Glenannan 

quartz monzonitic phases. Francois G r a n i t e i s r i c h e r i n K - f e l d s p a r and 

p o s s i b l y i s s l i g h t l y younger i n ra d i o m e t r i c age than Casey A l a s k i t e , 

t h e r e f o r e probably i s the f i n a l d i f f e r e n t i a t e of the second stage of 

Topley plutonism. F i g . 3-21 i l l u s t r a t e s a proposed d i f f e r e n t i a t i o n 

trend that i n v o l v e s enrichment i n both s i l i c a and potash and proceeds 

from e a r l i e s t Simon Bay D i o r i t e through the Stage 2 plutons and t e r m i ­

nates i n Francois G r a n i t e . 
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Stage 3: 

The l a s t major p e r i o d of plutonism recognized i n Endako area i s 

represented by S t e l l a k o Quartz Monzonite and G r a n o d i o r i t e of E a r l y 

Cretaceous age. This f a m i l y of young i n t r u s i o n s , which range from 

p o r p h y r i t i c quartz monzonite to g r a n o d i o r i t e , has been emplaced as a 

broad d i s c o r d a n t b e l t trending north-northeast at r i g h t angles to the 

r e g i o n a l trend of o l d e r Topley rocks. Fractures which c o n t r o l l e d 

emplacement of S t e l l a k o i n t r u s i o n s may have been opened by r e l e a s e of 

r e g i o n a l north-northeast compressional s t r e s s i n l a t e stages of Topley 

plutonism (see " S t r u c t u r a l A n a l y s i s of Orebody"). Minor f o l i a t i o n i n 

S t e l l a k o u n i t s i s accentuated p a r a l l e l to s h a r p l y - d e f i n e d c h i l l e d con­

t a c t s w i t h w a l l rocks. Shearing, b r e c c i a t i o n and a l t e r a t i o n of w a l l 

rocks i n d i c a t e that the S t e l l a k o p l u t o n was emplaced by f o r c e f u l mag-

matic i n t r u s i o n . Primary f o l i a t i o n i s weakly developed r e l a t i v e to 

that of adjacent Simon Bay D i o r i t e , and probably represents l o c a l 

magmatic flow i n an e p i z o n a l environment. S t e l l a k o rocks bear no 

evident g e n e t i c r e l a t i o n to o l d e r quartz monzonites and g r a n i t e s of 

Stage 2, although the time lapse between emplacement of the stages, 

as shown by r a d i o m e t r i c d a t i n g , was only a m i l l i o n years. The rocks 

are more b a s i c than e a r l i e r Topley u n i t s , w i t h an average modal com­

p o s i t i o n between quartz monzonite and g r a n o d i o r i t e (Table 3-10 and 

F i g . 3-17). Contacts between S t e l l a k o phases are not exposed, but 

r a d i o m e t r i c ages i n d i c a t e quartz monzonite i s the younger. The phases 

may represent s e v e r a l periods of i n t r u s i o n from a d i f f e r e n t i a t i n g 

g r a n o d i o r i t i c magma, p o s s i b l y of deeper o r i g i n than preceding a c i d i c 

p l u t o n s . 
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The Fraser quartz monzonite stock, the youngest phase of Topley 

Intrusions recognized in the map-area, is a small body which intrudes 

the Stellako pluton. Epizonal characteristics include granophyric 

texture and lack of foliation. A considerable time lapse of approxi­

mately 20 million years (W.H. White, personal communication, 1967) 

occurred between emplacement of Stellako and Fraser quartz monzonites. 

Modal analyses (Table 3-11 and Fig. 3-19) show Fraser Quartz Monzonite 

to be lower in quartz and K-feldspar than adjacent Stellako Quartz 

Monzonite. Origin of Fraser Quartz Monzonite as a late differentiate 

of Stellako magma appears unlikely. Late stresses within the Stellako 

belt may have effected deep fracturing which, in turn, generated a 

local pocket of quartz monzonitic magma. 

(d) Minor Intrusions 

Regional Topley Dykes : 

Minor intrusions of aplite, pegmatite and various compositions 

ranging from granitic to d i o r i t i c are related to the cooling stages of 

the Topley Batholith. Of the eight dyke rocks in this group, aplite 

and pegmatite are common to most Topley units, whereas other dykes may 

be related genetically to specific plutons, as described. 

1. Rhyodacite porphyry: 

Large porphyry dykes which cut Takla Group pyroclastic rocks in 

a northwest trend are a phase of the Menard rhyodacite stock (see 

"Takla Group"). 
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A p l i t e : 

Abundant a p l i t e dykes ranging from 1 i n c h to over 30 f e e t wide 

i n t r u d e a l l members of the b a t h o l i t h . Pink a p l i t e s have a t y p i ­

c a l granophyric or micrographic t e x t u r e , and l o c a l l y c o n t a i n 

s m a l l , rounded quartz phenocrysts. In composition, the dykes 

c o n t a i n 40 to 45% each of quartz and m i c r o c l i n e , 10 to 20% p l a g i o ­

c l a s e (An^g), and l e s s than 1% b i o t i t e and accessory m i n e r a l s . 

A p l i t e i s the e a r l i e s t p r e - m i n e r a l i z a t i o n dyke at Endako mine. 

A p l i t e dykes, which may border or grade to pegmatite, are l a t e 

phases of va r i o u s plutons hence not n e c e s s a r i l y a l l of the same 

age. 

Pegmatite: 

Pegmatite dykes are not common i n the map-area. They g e n e r a l l y 

occur, i n a s s o c i a t i o n w i t h a p l i t e , near the margins of pl u t o n s . 

Several pegmatites enclose l e n t i c u l a r barren quartz v e i n s . 

C r y s t a l s of quartz and pink o r t h o c l a s e , one to three inches l o n g , 

predominate over white p l a g i o c l a s e and traces of b i o t i t e and 

muscovite. 

Quartz Monzonite: 

P o r p h y r i t i c and equigranular quartz monzonite dykes of s i m i l a r 

composition and p o s s i b l y s i m i l a r o r i g i n to Francois G r a n i t e i n t r u d e 

rocks adjacent to Francois contacts i n two l o c a l i t i e s (see 

"Francois G r a n i t e " ) . 
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5. P o r p h y r i t i c G r a n i t e : 

Reddish-brown p o r p h y r i t i c g r a n i t e dykes apparently r e l a t e d to 

Endako Quartz Monzonite occur mainly i n the mine area. Two 

p o r p h y r i t i c g r a n i t e dykes occur west of the mine, one of which 

i s cut by quartz-molybdenite-pyrite v e i n l e t s . Two p o r p h y r i t i c 

g r a n i t e dykes i n t r u d e Francois G r a n i t e adjacent to an Endako 

Quartz Monzonite contact southwest of the mine. Dykes outside 

the orebody are p a r a l l e l to the northeast trend of a p o r p h y r i t i c 

g r a n i t e dyke swarm exposed i n the open p i t (see "Mine Area Dykes"). 

6. R a p a k i v i Porphyry: 

Reddish p o r p h y r i t i c dykes which c o n t a i n unique phenocrysts of 

m i c r o c l i n e mantled by p l a g i o c l a s e are probably a dyke phase of 

Francois G r a n i t e (see "Francois G r a n i t e " ) . 

7. Casey Porphyry: 

Strongly p o r p h y r i t i c dykes s i m i l a r i n composition to Casey A l a s ­

k i t e i n t r u d e host rocks adjacent to a l a s k i t e c o n t a c t s , and probably 

represent a l a t e phase of the Casey p l u t o n . Dykes w i t h a northeast 

trend and exceeding 100 f e e t i n width cut Endako Quartz Monzonite 

no r t h of the mine, and Glenannan Granite west of Casey Lake. 

Smaller dykes occur w i t h i n Glenannan G r a n i t e to the n o r t h . The 

dyke rock i s composed of about 35% phenocrysts i n a pink to gray 

a p l i t i c matrix. Phenocrysts are composed of pink m i c r o c l i n e 

(50%) , quartz (25%) , p l a g i o c l a s e (20%), and b i o t i t e ( 5 % ) . 
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8 . D i o r i t e : 

F ine-grained d i o r i t e and quartz d i o r i t e dykes that i n t r u d e contact 

zones of s e v e r a l Topley u n i t s are probably r e l a t e d to the S t e l l a k o 

i n t r u s i o n s (see " S t e l l a k o Quartz Monzonite and G r a n o d i o r i t e " ) . 

Porphyry Dykes: 

Abundant porphyry dykes of various types cut b a t h o l i t h i c and o l d e r 

rocks i n Endako area. Dykes range i n age from pre-Endako m i n e r a l i z a t i o n 

to T e r t i a r y , and i n composition from r h y o l i t e to andesite. Porphyry 

dykes have been mapped and c l a s s i f i e d according to the nomenclature 

proposed by Carr (1966, p. 127), i . e . dykes are grouped according to 

presence of l i g h t - c o l o u r e d phenocrysts which are v a r i o u s l y quartz (Q), 

or t h o c l a s e or m i c r o c l i n e (0), and p l a g i o c l a s e ( P ) . 

1. QOP Porphyry: 

Dykes i n which quartz, o r t h o c l a s e and p l a g i o c l a s e form phenocrysts 

are common. Included i n t h i s category, but d i s t i n g u i s h e d because 

of g e n e t i c r e l a t i o n s to va r i o u s Topley plutons are Casey porphyry, 

R a p a k i v i porphyry and p o r p h y r i t i c quartz monzonite. A p i n k i s h -

brown dyke c o n t a i n i n g phenocrysts of qu a r t z , f e l d s p a r s and b i o t i t e 

("Quartz-Feldspar Porphyry" or "QFP") i s a common pre-ore dyke at 

Endako mine, and al s o occurs a t T a i l i n g s Creek and MacDonald Lake. 

S i m i l a r dykes at N i t h i Mountain trend north to northwest and, l i k e 

QFP dykes at Endako, are sheared, a l t e r e d , and m i n e r a l i z e d . Small 

QOP dykes cut Francois G r a n i t e southwest of Endako mine and a l s o 

i n t r u d e Stellako-Simon Bay contact at Mudhole Lake. The dykes 

which may be pink , gray or brown, are mainly quartz l a t i t e s and 

rh y o d a c i t e s . 
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QO Porphyry: 

P i n k i s h - g r a y dykes c o n t a i n i n g quartz and o r t h o c l a s e phenocrysts 

are f a i r l y abundant i n Francois and Takla rocks south of Endako 

mine, and i n S t e l l a k o and Endako plutons along S t e l l a k o R i v e r . 

The dykes are mainly r h y o l i t e and, w i t h minor p l a g i o c l a s e i n the 

groundmass, quartz l a t i t e . A unique QO dyke c o n t a i n i n g o v a l 

phenocrysts of purple amethystine quartz cuts Francois Granite 

south of the No. 2 t a i l i n g s dam. 

QP Porphyry: 

Dykes w i t h quartz and p l a g i o c l a s e phenocrysts occur i n the east­

ern part of the map-area. The dykes vary from pink to gray and 

may be quartz l a t i t e s or rhyodacites depending on abundance of 

quartz and p l a g i o c l a s e . Most dykes of t h i s type contain minor 

amounts b i o t i t e or hornblende. 

OP Porphyry: 

Dykes w i t h o r t h o c l a s e and p l a g i o c l a s e phenocrysts occur mainly 

west and south of Endako mine. An OP porphyry dyke i n t r u d e s the 

contact between Endako and Casey plutons at S t e l l a k o R i v e r . The 

dykes vary from pink to brown, and resemble adjacent QO and 0 

porphyry dykes except i n t h e i r phenocryst assemblage. Depending 

on abundance of quartz i n groundmass, the dykes are v a r i o u s l y 

quartz l a t i t e s , r hyodacites or l a t i t e s . Dykes of t h i s type 

i n t e r s e c t e d i n trenches and d i a m o n d - d r i l l holes west of the mine 

are f r e q u e n t l y veined w i t h p y r i t e , and l e s s commonly, 

molybdenite. 
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0 Porphyry :• 

Pi n k i s h - g r a y dykes c o n t a i n i n g o r t h o c l a s e phenocrysts alone are . 

uncommon i n the area. A group of 0 porphyry dykes i s exposed i n 

trenches near d i a m o n d - d r i l l hole U - l west of Endako mine, and 

s e v e r a l dykes occur near the F r a n c o i s - T a k l a contact to the south. 

0 porphyry dykes i n both l o c a l i t i e s f o l l o w a northwest trend. 

The dykes, which c o n t a i n minor b i o t i t e i n a q u a r t z o - f e l d s p a t h i c 

groundmass, are predominantly quartz l a t i t e s . 

P Porphyry: 

P l a g i o c l a s e porphyry dykes are of two d i s t i n c t types. Small 

brown or gray dykes resembling the 0 and OP porphyry dykes w i t h 

which they are a s s o c i a t e d are d i s t r i b u t e d throughout the western 

part of the area, and are probably pre-molybdenite m i n e r a l i z a t i o n 

i n age. 

Large gray or grayish-green dykes c o n t a i n i n g phenocrysts of 

p l a g i o c l a s e (10-15%), b i o t i t e and a u g i t e (2-5%) are w i d e l y d i s ­

t r i b u t e d , and are a l l post-ore i n age. A p l a g i o c l a s e porphyry 

dyke at the head of S t e l l a k o R i v e r y i e l d s a r a d i o m e t r i c age of 

50 m i l l i o n years (White, et a l , 1970), e s s e n t i a l l y the same age 

as Eocene Endako Group flows (Mathews, 1964). A zone of these 

andesite dykes f o l l o w s Casey Lake f a u l t i n a N 30 W trend f o r 

6-1/2 miles across the map-area. The dyke zone, i n places 2000 

f e e t wide, i s exposed at the head of S t e l l a k o R i v e r , i n a canyon 

of Sweetnam Creek, north of N i t h i Lodge, i n trenches north of 

the T a i l i n g s Pond, and i s i n t e r s e c t e d i n d i a m o n d - d r i l l holes 
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between MacDonald and Casey Lakes. Small b a s a l t dykes i n t r u d e 

p l a g i o c l a s e porphry dykes and w a l l rocks w i t h i n the dyke zone. 

Andesite and b a s a l t dykes e x h i b i t both sheared and unsheared, 

c h i l l e d contacts w i t h w a l l rocks, i n d i c a t i n g l a t e movement along 

the f a u l t zone. 

North of Highway 16, Carr (1966, F i g . 22) has mapped l a r g e P and 

OP porphyry dykes f o l l o w i n g a= topographic lineament which may be a 

northwesterly extension of Casey Lake f a u l t . 

At Endako mine, p o r p h y r i t i c andesite dykes of unknown a t t i t u d e 

are i n t e r s e c t e d i n d i a m o n d - d r i l l h o l e s . At the mine and MacDonald 

Lake the dykes cut molybdenite-bearing Endako Quartz Monzonite but 

are not m i n e r a l i z e d . 

West of Deserter Lake, a l a r g e p o r p h y r i t i c andesite dyke intrud e s 

Simon Bay d i o r i t e i n a northwest trend. B i o t i t e andesite flows of 

the Endako Group o v e r l y d i o r i t e immediately to the east. P.porphyry 

dykes bear strong resemblance to p o r p h y r i t i c andesite flows exposed 

. on Savory Ridge. The andesite bodies p a r a l l e l to Casey Lake f a u l t 

probably served as feeder dykes f o r Eocene flows which subsequently 

have been removed by e r o s i o n and g l a c i a t i o n . 

B a s a l t Dykes: 

Fine- g r a i n e d , dark green dykes of b a s a l t i c composition are the 

youngest i n t r u s i o n s recognized i n the area. Large b a s a l t dykes, 

ranging from 10 to 30 f e e t wide at Endako mine and 100 f e e t wide south 

of new t a i l i n g s dam, f o l l o w an east-west trend. Smaller dykes occur 

throughout the area, and are p a r t i c u l a r l y abundant i n the Casey Lake 
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f a u l t zone, and south of Simon Bay. The dykes, which have been c a l l e d 

lamprophyres by other authors, are composed almost e n t i r e l y of f i n e ­

grained plagioclase-hornblende intergrowths, w i t h minor magnetite. 

Small phenocrysts of p l a g i o c l a s e and hornblende are r a r e . B a s a l t 

dykes may be sheared and a l t e r e d to c h l o r i t e and c a l c i t e , but are 

devoid of m i n e r a l i z a t i o n . B a s a l t dykes, l i k e p o r p h y r i t i c andesite 

dykes, probably are r e l a t e d to Eocene volcanism. 

Mine Area Dykes: 

Dykes mapped w i t h i n the open p i t at Endako mine are i l l u s t r a t e d 

i n F i g . 3-22. Approximately two-thirds of the optimum open p i t area 

has been covered by d e t a i l e d mapping at present. A l l a c i d i c dykes are 

pre-ore, and f o l l o w e i t h e r a northwesterly or n o r t h e a s t e r l y trend, 

w i t h steep westward d i p s . A t t i t u d e s of pre-ore dykes r e f l e c t the 

s t r e s s o r i e n t a t i o n i n Endako quartz monzonite p r i o r to m i n e r a l i z a t i o n 

(see " S t r u c t u r a l A n a l y s i s of Orebody"). 

1. A p l i t e : 

A p l i t e dykes are the e a r l i e s t pre-ore dykes at the mine, and the 

l e a s t abundant. Small dykes, g e n e r a l l y l e s s than 15 f e e t wide, 

comprise three groups which s t r i k e N 10° E, N 20° E and N 40° E 

and dip s t e e p l y westward. The dykes are of s i m i l a r composition 

and t e x t u r e as a p l i t e s elsewhere i n the area. They are truncated 

by QFP dykes and cut by both m i n e r a l i z e d and unmineralized f a u l t s 

and f r a c t u r e s . 
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P o r p h y r i t i c G r a n i t e : 

Reddish-brown p o r p h y r i t i c g r a n i t e dykes up to 100 f e e t wide are 

i n t r u d e d by QFP dykes i n a n o r t h e a s t - t r e n d i n g swarm i n the c e n t r a l 

p i t area. Average a t t i t u d e of the p o r p h y r i t i c g r a n i t e dykes i s 

N 25° E w i t h steep westward to v e r t i c a l d i p s . Phenocrysts of 

p i n k , Carlsbad-twinned o r t h o c l a s e 2 to 7 mm long i n a s e r i a t e -

textured m a t r i x comprise 3 to 5% of the rock. The modal composi­

t i o n , as determined by v i s u a l e s t i m a t i o n of t h i n - s e c t i o n s , i s 

o r t h o c l a s e (45%), quartz (30%), p l a g i o c l a s e (An^y) (20%), b i o t i t e 

( 5 % ) , plus accessory z i r c o n , a p a t i t e and sphene. Although con­

t a c t s w i t h a p l i t e are not exposed, p o r p h y r i t i c g r a n i t e i s assumed 

to be younger due to i t s i n t i m a t e a s s o c i a t i o n w i t h QFP dykes. 

L i k e a p l i t e , p o r p h y r i t i c g r a n i t e i s cut by m i n e r a l i z e d and 

unmineralized f a u l t s and f r a c t u r e s . 

Quartz-Feldspar Porphyry (QFP): 

Qu a r t z - f e l d s p a r porphyry dykes, the most abundant dykes i n the 

mine v i c i n i t y , are 20 to 50 f e e t wide and extend across the width 

of the p i t . An intersecting, s e t of QFP dykes w i t h northeast and 

northwest s t r i k e s and steep dips occurs i n the western part of 

the p i t , and a northeast-trending, swarm of p o r p h y r i t i c g r a n i t e 

and QFP dykes occupies the c e n t r a l p i t . Two phases of the dyke 

have been observed: (1) a pinkish-brown rock c o n t a i n i n g pheno­

c r y s t s of o r t h o c l a s e 2 to 4 mm i n s i z e which comprise up to 5% of 

the rock, and s m a l l , rounded phenocrysts of q u a r t z ; (2) a brown 

rock w i t h predominantly quartz phenocrysts (5-10%), s c a t t e r e d 

l a r g e o r t h o c l a s e phenocrysts up to 1 cm long, and s m a l l b i o t i t e 
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f l a k e s (1 to 3%). The l a t t e r i s termed " Q F P - b i o t i t e phase". 

The dense a p h a n i t i c matrix of both phases i s composed predomin­

a n t l y of quartz and o r t h o c l a s e i n equal amounts w i t h minor 

p l a g i o c l a s e (10%), b i o t i t e (1 - 5%) and accessory a p a t i t e , z i r c o n 

and sphene. QFP dykes cut both a p l i t e and p o r p h y r i t i c g r a n i t e , 

and are f a u l t e d , f r a c t u r e d and m i n e r a l i z e d . 

A p l i t e , p o r p h y r i t i c g r a n i t e and q u a r t z - f e l d s p a r porphyry dykes 

are apparently a l l l a t e phases of Endako Quartz Monzonite. Dykes 

were emplaced a f t e r c o o l i n g and c r y s t a l l i z a t i o n of the p l u t o n and 

p r i o r to hydrothermal a l t e r a t i o n and m i n e r a l i z a t i o n . Radiometric 

dati n g by White, et a l (1968), shows these three events to be of 

e s s e n t i a l l y the same age, i n d i c a t i n g that both dyke emplacement 

and hydrothermal a c t i v i t y are l a t e phases of the Endako Quartz 

Monzonite. 

4. P l a g i o c l a s e Porphyry: 

Grayish-green p o r p h y r i t i c andesite dykes co n t a i n i n g phenocrysts 

of euhedral white p l a g i o c l a s e 4 to 6 mm long (10%) and b i o t i t e 

(2 to 3%) are i n t e r s e c t e d i n s e v e r a l d i a m o n d - d r i l l holes at the 

mine. The dykes are not exposed i n the p i t hence t h e i r a t t i t u d e s 

are not known. The dykes i n t r u d e Endako Quartz Monzonite, 

commonly e x h i b i t sheared c o n t a c t s , and are not m i n e r a l i z e d . 

5. B a s a l t : 

B a s a l t dykes are l a t e i n t r u s i o n s at Endako mine. A s i n g l e dyke, 

1000 f e e t long and ranging from 10 to 30 f e e t wide has average 

a t t i t u d e N 82° W/64°S. The dyke i s bounded by f a u l t s over most 
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of i t s l e n g t h , and i s o f f s e t on northeast f a u l t s w i t h r i g h t -

l a t e r a l displacement. B a s a l t dykes are commonly sheared, p a r t i ­

c u l a r l y along t h e i r c o n tacts, and are e x t e n s i v e l y a l t e r e d to 

c h l o r i t e and carbonate. B a s a l t dykes are not m i n e r a l i z e d and, 

l i k e p o r p h y r i t i c a n d e s i t e , are probably r e l a t e d to Endako Group 

v o l c a n i c rocks. 

(e) Endako Group 

The r e g i o n a l d i s t r i b u t i o n of Endako Group v o l c a n i c rocks was 

b r i e f l y described under "Regional S e t t i n g " . In the map-area Endako 

Group rocks u n d e r l i e an area of about 8 square m i l e s at Savory Ridge 

i n the southwest, and about 6 square m i l e s along the north shore of 

Fraser Lake ( F i g . 3-23). Unconformable contacts w i t h underlying rocks 

of the Topley I n t r u s i o n s and Takla Group are approximately defined at 

both l o c a l i t i e s . 

At Savory Ridge, Endako Group rocks are predominantly dark green 

andesite and b a s a l t flows c o n t a i n i n g phenocrysts of p l a g i o c l a s e , horn­

blende and/or pyroxene. Flows are commonly v e s i c u l a r and may c o n t a i n 

amygdules of agate, c a l c i t e , c h l o r i t e and z e o l i t e s . I n d i v i d u a l flows 

are 25 to 50 f e e t t h i c k on the average, and are interbedded w i t h 

b r e c c i a , agglomerate, t u f f and conglomerate. A d i s t i n c t i v e p o r p h y r i t i c 

green andesite flow observed i n northern exposures at Savory Ridge 

bears strong resemblance to a dyke rock ("plagioclase porphyry") that 

occupies a wide zone p a r a l l e l to Casey Lake f a u l t , and a l s o occurs as 

post-ore dykes at Endako mine. 
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At Fraser Lake, Endako Group rocks are s i m i l a r to those at 

Savory Ridge although l e s s conspicuously p o r p h y r i t i c . Near Simon Bay, 

brown t r a c h y t i c andesite flows that d ip g e n t l y to the northeast are 

apparently s i m i l a r to l i g h t . c o l o u r e d b i o t i t e andesites described by 

Carr (1966, p. 117) i n the v i c i n i t y of Owl Lake 12 m i l e s northwest of 

Simon Bay. North of S t e l l a k o I n d i a n Reserve, f l a t - l y i n g flows of dark 

green, f i n e - g r a i n e d andesite are veined by c a l c i t e and s t a i n e d red by 

i r o n oxide weathering products. 

STRUCTURAL RELATIONS AND AGE: 

A scarp and di p - s l o p e topography w i t h f l a t - t o p p e d h i l l s and 

ridges i s developed on the e s s e n t i a l l y f l a t - l y i n g Endako Group 

flows at Savory Ridge and S t e l l a k o Reserve. No exposures of the 

contact between Endako Group flows and underlying rocks were 

observed i n the map-area. At Dry W i l l i a m Lake, 5 m i l e s east of 

map-area, B r i g h t (1967, p. 6) observed an unconformity between 

deeply-weathered Topley g r a n i t e and o v e r l y i n g l a v a of the Endako 

Group. I n Nechako R i v e r area to the south, Endako Group flows 

r e s t unconformably on Ootsa Lake Group v o l c a n i c and sedimentary 

rocks ranging i n age from Late Cretaceous to Eocene (Tipper, 1963, 

p. 38). Green p o r p h y r i t i c Endako l a v a from Hick's H i l l , about 

four miles west of Savory Ridge, y i e l d e d a r a d i o m e t r i c age of 

4 8 + 2 m i l l i o n years, or Middle Eocene (Mathews, 1964, pp. 465-

468). 
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CHAPTER IV 

STRUCTURE 

A. REGIONAL STRUCTURAL TRENDS 

The dominant s t r u c t u r a l c o n t r o l s on emplacement of Topley B a t h o l i t h are 

r e l a t e d to the St u a r t Lake High, an elongate fault-bounded b e l t of Cache 

Creek Group rocks i n c e n t r a l B r i t i s h Columbia. This b e l t of fo l d e d and 

metamorphosed sedimentary and v o l c a n i c rocks was u p l i f t e d along s t e e p l y -

dipping f a u l t s p a r a l l e l to the C o r d i l l e r a n trend i n Late T r i a s s i c time 

(Souther and Armstrong, 1966, pp. 172-174). Contemporaneous Takla volcanism 

mantled l o w e r - l y i n g Cache Creek rocks to the east and west w i t h t h i c k marine 

v o l c a n i c and sedimentary d e p o s i t s . A major southwest f l e x u r e i n the trend 

of the St u a r t Lake High i s defined by (a) a w e s t e r l y divergence i n s t r i k e 

of major f o l d axes i n Cache Creek rocks at Trembleur Lake (Armstrong, 1949, 

Map 907A); (b) occurrence of Cache Creek o u t l i e r s west and south of Babine 

Lake and northwest of Quesnel; (c) f a u l t s that bound Cache Creek rocks and 

diverge from P i n c h i F a u l t trend to N 30° E at Babine Lake (N.C. C a r t e r , 

personal communication, 1968), and N 60° W at Quesnel (G.S.C. Map 932A, 2nd 

ed., 1962). Topley p l u t o n s , the o l d e s t of which were emplaced i n Middle 

J u r a s s i c time, f l a n k and i n t r u d e the southwestern margin of the f l e x u r e i n 

Stu a r t Lake High i n a N 50° W trend from Quesnel to Babine Lake. A zone of 

f a u l t s p e r i p h e r a l to the emergent area may have provided conduits f o r r i s i n g 

Topley magma. 

South and west of Endako area, a b e l t of igneous rocks of v a r y i n g ages 

defines an a x i s that i n t e r s e c t s S tuart Lake High at the centre of Topley 

B a t h o l i t h . The nort h e a s t - t r e n d i n g zone of r e p e t i t i v e igneous a c t i v i t y 
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extends from T e r t i a r y g r a n i t e and s y e n i t e bodies near B e l l a Coola (Roddick, 

et a l , 1965), to J u r a s s i c and Cretaceous g r a n i t i c plutons i n W h i t e s a i l Lake 

and Nechako R i v e r areas ( D u f f e l l , 1959; Tipper, 1963), and T r i a s s i c v o l ­

c anic i s l a n d s i n Nechako R i v e r area ( I b i d . ) . : Deep f a u l t i n g accompanying 

e a r l y stages of igneous a c t i v i t y i n t h i s b e l t may have i n t e r s e c t e d f a u l t s 

p e r i p h e r a l to S t u a r t Lake High, p r o v i d i n g a l o c a l i z e d zone of weakness sub­

j e c t to i n t r u s i o n by phases of the Topley B a t h o l i t h . G e n erally speaking, 

emplacement of the Topley B a t h o l i t h w i t h i n a f l e x u r e i n Cache Creek rocks 

i s analagous to emplacement of the Nelson B a t h o l i t h and other plutons w i t h ­

i n the Kootenay Arc, a major r e g i o n a l f l e x u r e i n P u r c e l l , Windermere and 

Lardeau rocks i n southeastern B r i t i s h Columbia (Wheeler, 1966, p. 38). 

Most v o l c a n i c and sedimentary rocks south of Francois Lake are fo l d e d 

to some degree, and p r a c t i c a l l y a l l f o l d axes trend northwestward. Adjacent 

plutons of the Topley I n t r u s i o n s a l s o trend northwestward, but younger 

g r a n i t e s south of Francois Lake and Cretaceous members of Topley I n t r u s i o n s 

east of S t e l l a k o R i v e r have a divergent trend. Broad f o l d s i n o l d e r v o l ­

c anic rocks of the Takla-Hazelton Assemblage (Upper T r i a s s i c to Middle 

J u r a s s i c ) d i s t i n c t l y and c o n s i s t e n t l y trend northwest, whereas o v e r l y i n g 

Ootsa Lake Group v o l c a n i c s of Late Cretaceous to Eocene age show no c o n s i s ­

tent f o l d p a t t e r n . The youngest rocks i n the area, Endako Group flows of 

Eocene age, are the least-deformed (Tipper, 1963, p. 45). 

South of Francois Lake and s i x to ten mile s south of Endako mine sets 

of i n t e r s e c t i n g , ' s t e e p l y - d i p p i n g f a u l t s s t r i k e north and N 45° E ( I b i d . , p. 46). 

These appear i n p l a n to be a conjugate set of shears generated by compression 

along a l i n e trending N 22° E ( F i g . 4-1). Displacement of Takla and Hazelton 

u n i t s i n d i c a t e s movement i n t o the acute angle of the conjugate f a u l t s e t s . 



F I G U R E 4-1 
R E G I O N A L S T R U C T U R A L T R E N D S . 
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The o l d e s t Topley u n i t i n Endako area, the Simon Bay D i o r i t e Complex, 

i s a concordant mesozonal p l u t o n f o l i a t e d p a r a l l e l to i t s r e g i o n a l n o r t h ­

west trend. Stage Two e p i z o n a l phases of Topley B a t h o l i t h (Endako, N i t h i , 

Glenannan, Casey and Francois u n i t s ) a l l show west-northwest e l o n g a t i o n i n 

Endako area. Radiometric d a t i n g by White, et a l (1970) has shown these 

younger plutons to be of Late J u r a s s i c , hence post-Hazelton age. The con­

cordance of northwest s t r u c t u r a l trends w i t h i n the Topley b a t h o l i t h , the 

p a r a l l e l i s m of t h i s trend w i t h f o l d axes i n the o l d e r Takla-Hazelton 

Assemblage to the south, and conjugate f a u l t evidence of a post-Hazelton 

compressional a x i s trending N 22° E, support the view that Topley I n t r u s i o n s 

i n the Endako area were emplaced as elongate, p o s s i b l y domal bodies essen­

t i a l l y normal to a r e g i o n a l N 22° E compression. 

The age of conjugate f a u l t s t h a t cut Takla and Hazelton rocks south of 

Francois Lake i s not known p r e c i s e l y . Tipper (1963, Map 1131A) has i n d i ­

cated f a u l t contacts between o l d e r rocks and Ootsa Lake Group v o l c a n i c rocks; 

hence the f a u l t i n g may be, i n p a r t , as young as Eocene. However, the 

p a r a l l e l i s m of s t r u c t u r e s i n both Hazelton-Takla and the Topley u n i t s , nor­

mal to the i m p l i e d compressional a x i s , and the l a c k of s i m i l a r s t r u c t u r e s i n 

Ootsa Lake Group rocks support the view that these conjugate shears were 

developed contemporaneously w i t h emplacement of the Topley b a t h o l i t h . 

Renewed f a u l t i n g along the same d i r e c t i o n s i n Eocene time could account f o r 

displacement of Ootsa Lake rocks. 

B. ENDAKO AREA - FAULTS AND JOINTS 

Casey Lake F a u l t 

A major f r a c t u r e , the Casey Lake f a u l t has been mapped f o r 6-1/2 m i l e s 
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i n a N 30° W trend across the map-area. I n t e r s e c t i o n s i n d r i l l holes 

between Casey and MacDonald Lakes and good exposures i n a creek canyon 

north of N i t h i Lodge show dips of 70°W to 90° on the f a u l t . F a u l t contacts 

between Endako Quartz Monzonite on the west and Casey A l a s k i t e on the east 

are i n t e r s e c t e d i n three d r i l l holes south of Casey Lake. Trenches north 

of No. 1 T a i l i n g s Pond expose an i n t r u s i v e contact between Casey A l a s k i t e 

and Endako Quartz Monzonite which trends northeast and l i e s between Casey 

Lake and T a i l i n g s Creek f a u l t s . P r o j e c t i o n of t h i s contact eastward to 

Casey Lake f a u l t , and measurement along the f a u l t southeastward to the 

i n f e r r e d o r i g i n of the contact r e s u l t s i n a h o r i z o n t a l component of r i g h t -

l a t e r a l movement along the f a u l t of 13,000 f e e t . A l a r g e wedge of Endako 

Quartz Monzonite and Casey A l a s k i t e , approximately 3 m i l e s long and averag­

in g 1 m i l e wide has been d i s p l a c e d over 2 mile s northward along Casey Lake 

f a u l t and the s u b p a r a l l e l T a i l i n g s Creek f a u l t to the west. 

The Casey Lake f a u l t zone i s i n t r u d e d by andesite porphyry and b a s a l t 

dykes throughout i t s length (see "Minor I n t r u s i o n s " ) . Both andesite and 

younger b a s a l t dykes e x h i b i t c h i l l e d contacts w i t h w a l l r o c k s , but more 

commonly contacts are sheared. The dykes,,apparently r e l a t e d to Eocene 

volcanism, intruded the p r e - e x i s t i n g f a u l t zone and were sheared by l a t e 

movements along the f a u l t . S i m i l a r dykes occur w i t h i n a N 30° W topographic 

lineament n o r t h of Highway 16 (Carr, 196.6, F i g . 22) that may be a northwest­

ern extension of the f a u l t . Casey Lake f a u l t may be a major r e g i o n a l 

s t r u c t u r e approximately 15 m i l e s l o n g , extending from Shovel Creek on the 

north to N i t h i R iver on the south. 

Age of Casey Lake f a u l t i s defined as post-Late J u r a s s i c (Casey 

A l a s k i t e ) and pre-Eocene (Endako Group). F a u l t i n t e r s e c t i o n w i t h S t e l l a k o 
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i n t r u s i o n s i s not exposed. The South Boundary f a u l t extends from Endako 

mine to MacDonald Lake i n an east-west trend and i n t e r s e c t s Casey Lake 

f a u l t . A small discordancy of trend i n Casey Lake f a u l t north and south 

of MacDonald Lake i n d i c a t e s some displacement along South Boundary f a u l t 

at that l o c a l i t y . Movements on Casey Lake, T a i l i n g s Creek and smaller 

post-ore f a u l t s (N 15°W/90°) at Endako mine may have been i n response to 

north or n o r t h - n o r t h e a s t - d i r e c t e d s t r e s s p r i o r to emplacement of S t e l l a k o 

p l u t o n . A zone of NNE f r a c t u r e s (XY t e n s i o n f r a c t u r e s ) may have opened 

upon r e l e a s e of t h i s s t r e s s , p e r m i t t i n g i n t r u s i o n of S t e l l a k o p l u t o n . 

L a t e r a l movement on South Boundary f a u l t and s m a l l e r p a r a l l e l and subparal­

l e l ; . f a u l t s at the mine probably i s r e l a t e d to l a t e r east-west s t r e s s e s 

generated during emplacement and c o n s o l i d a t i o n of S t e l l a k o i n t r u s i o n s . 

T a i l i n g s Creek F a u l t 

This f a u l t s t r i k e s northward s u b p a r a l l e l to Casey Lake f a u l t and forms 

the western s i d e of the f a u l t b l o c k . The f a u l t i s exposed i n T a i l i n g s Creek 

canyon where . i t shows steep eastward to v e r t i c a l d i p s . The b l o c k bounded 

by these two f a u l t s apparently tapers inward w i t h depth. Some r o t a t i o n of 

the block accompanying northward t r a n s l a t i o n i s r e q u i r e d to account f o r the 

room problem evident i n i t s wedge-shaped geometry. Left-hand r o t a t i o n 

r e l a t i v e to T a i l i n g s Creek f a u l t plane, i . e . e l e v a t i o n of the l e a d i n g edge 

of the "wedge" during northward displacement, must have occurred. 

A southern extension of T a i l i n g s Creek f a u l t i s i n f e r r e d from exposures 

of Casey A l a s k i t e and Endako Quartz Monzonite to the west and e a s t , respec­

t i v e l y . S c a r c i t y or outcrop and d r i l l core data east of Endako mine 

precludes southward p r o j e c t i o n of the f a u l t through t h i s area. A zone of 
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north-south shearing and minor f a u l t s i n Francois g r a n i t e along Francois 

Lake may mark the southern extension of T a i l i n g s Creek f a u l t . 

South Boundary F a u l t 

This major east-west s t r u c t u r e i s i n t e r s e c t e d i n d r i l l holes south of 

Endako mine and west of MacDpnald Lake, and i s marked by a topographic 

lineament over most of i t s f i v e - m i l e l e n g t h . Dip of the f a u l t i s a p p r o x i ­

mately 45° to 60° north. Movement on the South Boundary f a u l t i s considered 

to be p r i m a r i l y normal, although minor l a t e r a l movement has occurred under 

the i n f l u e n c e of l a t e east-west s t r e s s . The f a u l t i s a pre-ore s t r u c t u r e 

which has i n f l u e n c e d development of major veins and stockwork at Endako 

mine. E a r l y compressional s t r e s s e s , a c t i v e during emplacement of Endako 

p l u t o n , apparently created l o c a l i z e d doming and f r a c t u r i n g i n the v i c i n i t y 

of the mine, which occupies the i n t e r s e c t i o n of r e g i o n a l east-west, n o r t h ­

east and northwest f r a c t u r e systems. I n t r u s i o n of pre-ore dykes preceded 

the p r i n c i p a l s t r u c t u r a l adjustment of the p l u t o n ; wrench f a u l t i n g along 

p r i n c i p a l orebody f a u l t s , doming of the orebody, and a n t i t h e t i c f a u l t i n g 

along the South Boundary f a u l t and southward and northwestward-dipping f r a c ­

t u r e s . Many l a r g e veins and s m a l l e r stockwork v e i n l e t s f o l l o w the predomi­

nant east-west and northeast f r a c t u r e d i r e c t i o n s . 

Orebody F a u l t s 

Two major f a u l t trends are recorded w i t h i n the Endako p i t but are not 

observed i n r e g i o n a l mapping o u t s i d e the orebody area. A f a m i l y of non-

m i n e r a l i z e d f a u l t s w i t h average a t t i t u d e N17W/85SW occurs throughout the 

orebody but no f a u l t s of s i m i l a r a t t i t u d e were mapped beyond the l i m i t s of 

the p i t . Another f a m i l y of f a u l t s and j o i n t s having average a t t i t u d e 
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N50E/70NW are the largest and most abundant post-ore fractures mapped in 

the p i t . No similar northeast structures have been observed i n the mine 

vi c i n i t y . 

In observing apparent offsets in Endako Quartz Monzonite-Casey Alaskite 

and Endako Quartz Monzonite-Francois Granite contacts west of the mine, 

Drummond (1967) infers that the three Topley units have been offset in a 

right-lateral manner along a major fault striking about N 20 W. Because 

the western extension of the orebody, that crosses the trace of the inferred 

fault, i s not displaced, whereas the Endako, Francois and Casey plutons 

apparently are offset, mineral deposition would have had to occur after the 

relatively young Francois and Casey plutons had been emplaced. Radiometric 

ages of the rocks and the orebody are not i n agreement with this structural 

hypothesis. The configuration of these contacts may have been influenced 

by a fault of northwest trend that pre-dated intrusion of Endako quartz 

monzonite. Intersection of this old fault with a major east-west fault of 

similar age may have weakened the host diorite locally and channeled quartz 

monzonitic magma along the two dominant fault directions. Movement along 

the old northwest fault may have resumed under northerly stress generated 

by cooling and crystallization of the pluton, and influenced stockwork 

development by localizing shearing and doming stresses. Post-ore northwest 

fault movements apparently have been distributed across the numerous faults 

throughout the orebody rather than along.the older fault zone. 

Although regional northeasterly-trending faults corresponding to 

abundant N 50 E mine faults were not detected in mapping, evidence for such 

structures exists. An aeromagnetic survey of Endako mine and v i c i n i t y 

flown by Amax Explorations Inc. in 1966 revealed a deflection of magnetic 
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i s o p l e t h s i n a northeast l i n e a r trend between the eastern end of the ore-

body and No. 1 T a i l i n g s Pond (W. Lodder, personal communication, 1970). 

The p r o j e c t e d i n t e r s e c t i o n of t h i s i n t e r p r e t e d f a u l t w i t h the South Boundary 

f a u l t i s c l o s e to a zone of i n t e n s e stockwork development and abundant post-

ore northeast f a u l t i n g i n the southeastern p a r t of the orebody. A f a m i l y 

of N 40 E/5-30 NW f r a c t u r e s that developed a n t i t h e t i c a l l y to south-dipping 

f r a c t u r e s during doming are concentrated i n the general v i c i n i t y of the 

p r o j e c t e d northeast f a u l t . 

Movements on northeast f a u l t s i n the orebody are a l l post-ore. No 

displacement of the Casey-Endako contact or the South Boundary f a u l t along 

the i n f e r r e d northeast f a u l t i s detected i n mapping. The northeast f a u l t 

apparently has undergone pre-ore movement l i k e i t s n o r t h w e s t - s t r i k i n g 

counterpart at the west end of the orebody. 

Regional J o i n t s 

Predominant j o i n t a t t u t i d e s were recorded i n f i e l d mapping, but a 

thorough and systematic mapping of j o i n t s i n a l l u n i t s of the b a t h o l i t h was 

not attempted. Low outcrop d e n s i t y over most of the map-area i s a l i m i t i n g 

f a c t o r i n a p p l i c a t i o n of s t r e s s a n a l y s i s to the v a r i o u s p l u t o n s . Conse­

quently, only general conclusions could be reached from the a v a i l a b l e data. 

J o i n t s i n Takla Group rocks southwest of Endako mine c o n s i s t e n t l y 

s t r i k e N 30° W to N 60° W w i t h steep dips to the southwest. E a r l y rhyodacite 

dykes s a t e l l i t i c to Menard stock, l a t e r Topley p o r p h y r i t i c quartz monzonite 

dykes, and youngest andesite and b a s a l t dykes a l l f o l l o w the same northwest 

trend. E a r l y f r a c t u r e s i n Takla rocks pre-date Topley b a t h o l i t h and may 

r e f l e c t the trend of o l d northwest f a u l t s p e r i p h e r a l to Stuart Lake High. 
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J o i n t s i n widely-separated outcrops of Simon Bay D i o r i t e trend 

v a r i o u s l y northwest, northeast and n o r t h , and commonly are int r u d e d by 

sm a l l b a s a l t and porphyry dykes. Fractures i n t h i s o l d p l u t o n g e n e r a l l y 

show evidence of movement, and minor shears w i t h the above trends are more 

abundant than j o i n t s . Stresses r e l a t e d to younger orogenic a c t i v i t y i n the 

area have e v i d e n t l y superimposed f r a c t u r e s and f a u l t s upon the e a r l i e r 

s t r u c t u r a l framework. 

The four Stage Two plutons i n the western p a r t of the map-area show a 

s i m i l a r d i s t r i b u t i o n of j o i n t a t t i t u d e s . J o i n t s i n Endako, F r a n c o i s , 

Glenannan and Casey plutons s t r i k e predominantly northeast and north w i t h 

steep to v e r t i c a l d i p s . East-west and northwest f r a c t u r e s are l e s s common. 

P e r i o d i c i n c r e a s e and r e l e a s e of r e g i o n a l north-northeast compression during 

emplacement and c o n s o l i d a t i o n of these elongate, s u b p a r a l l e l bodies appar­

e n t l y has generated t e n s i o n f r a c t u r e s of e s s e n t i a l l y p a r a l l e l north to 

northeast trend. S i m i l a r j o i n t s , i n t e r p r e t e d as XY f r a c t u r e s , are intruded 

by pre-ore dykes at Endako mine. 

S t e l l a k o i n t r u s i o n s are cut by s t e e p l y - d i p p i n g north and northwest 

f r a c t u r e s near Fraser Lake, many of which are intruded by dykes. Predomi­

nant northwest and northeast f r a c t u r e trends i n the p l u t o n to the south are 

a l s o marked by i n t r u s i o n of s m a l l b a s a l t and porphyry dykes. J o i n t s , dykes 

and minor shears tend to be e i t h e r p a r a l l e l or perpendicular to margins of 

the S t e l l a k o p l u t o n , where l o c a l s t r e s s e s generated during emplacement and 

c o o l i n g of the body apparently i n f l u e n c e d t h e i r development. 

R e l a t i v e l y i n t e n s e j o i n t i n g , accompanied by quartz-molybdenite-pyrite 

m i n e r a l i z a t i o n occurs i n s e v e r a l areas of i n t e r s e c t i o n of r e g i o n a l f a u l t s 

and f r a c t u r e s . G e n e r a l l y , the i n t e r s e c t i o n of northwest and east-west 
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s t r u c t u r e s i n Endako area produces one or more m i n e r a l i z e d f r a c t u r e 

d i r e c t i o n s . At N i t h i Mountain, quartz-molybdenite veins w i t h dominant 

N 70° E/90 a t t i t u d e occur at the i n t e r s e c t i o n of j o i n t s of s i m i l a r a t t i t u d e 

and s m a l l f a u l t s t r e n d i n g N 60° W/90. On the United Buffaddison property 

at Owl Lake sparse quartz-molybdenite-pyrite m i n e r a l i z a t i o n occurs as a 

widespread stockwork at the i n t e r s e c t i o n of the northwest extension of 

Casey Lake f a u l t and a zone of f r a c t u r e s and dykes w i t h northeast trend. 

Minor j o i n t i n g w i t h r a r e molybdenite m i n e r a l i z a t i o n occurs west of Mac­

Donald Lake, at the i n t e r s e c t i o n of Casey Lake and South Boundary f a u l t s . 

At Endako mine, s t r e s s c o n d i t i o n s l o c a l i z e d by i n t e r s e c t i o n of r e g i o n a l 

east-west, northwest, and p o s s i b l y northeast f a u l t s , have produced at l e a s t 

f i v e major f r a c t u r e d i r e c t i o n s . 

C. STRUCTURAL ANALYSIS OF ENDAKO OREBODY 

A body of s t r u c t u r a l data on the a t t i t u d e s of v e i n s , f a u l t s , j o i n t s 

and dykes at Endako mine has been assembled by g e o l o g i c a l mapping of the 

3399, 3135, 3102 and 3069 benches, surface mapping i n the same area and 

underground mapping of a d i t s d r i v e n f o r bulk sampling. S t r u c t u r a l data 

used i n t h i s study has been gathered by the f o l l o w i n g s t a f f g e o l o g i s t s i n 

the p e r i o d 1965 to 1970: E.T. Kimura, S. Wise, A.D. Drummond, D.W. Petersen, 

M. Waldner and the author. Data from bench mapping i s compared w i t h data 

from underground and surface mapping, and dominant trends are compared w i t h 

air-photo lineaments. S t r u c t u r a l f e a t u r e s of Endako mine are c o r r e l a t e d 

w i t h the r e g i o n a l s t r u c t u r a l trends p r e v i o u s l y described i n t h i s chapter. 

Geology of 3399 Bench i s depicted i n F i g . 4-2. 

S t r u c t u r a l data were o r i g i n a l l y p l o t t e d on an 8-inch Schmidt equal-area 
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stereo-net and then reduced, as depicted in Fig. 4-3 and 4-6. Dominant 

attitudes were obtained by contouring point densities with a moveable 1% 

area c i r c l e . 

(1) Structural Features of the Western Pit Area 

(a) 3399 Bench - Veins and Faults 

Quartz-molybdenite veins on 3399 bench were subdivided into two 

groups: those 6 inches wide or greater, and veins less than 6 inches 

wide. Only veins wider than 1/2 inch are mapped due to the d i f f i c u l t y 

of distinguishing hairline fractures and veins less than 1/4 inch wide 

on a freshly-biasted surface in the p i t . 

Fig. 4-3A i s a stereogram plot of poles to 312 quartz-molybdenite 

veins less than 6 inches wide. Major vein directions, in decreasing 

order of importance, are as follows: 

N 86° E/54° S 
N 73° E/56° SE 
N 59° W/47° SW 
N 12° W/27° W 
N -47° E/10° NW 

Fig. 4-3B is a plot of poles to 96 quartz-molybdenite veins 6 

inches or more wide. Dominant attitudes are: 

N 71° E/56° SE 
N 89° W/48° S 
N 48° W/45° SW 

These attitudes correspond closely with the three most predominant 

vein trends in Fig. 4-3A, but show a higher degree of preferred 

orientation than do the smaller veins. 
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F IG . 4 -3A 

3399 bench-poles to 312 quartz -

molybdenite veins less than 6 

inches wide. 

F I G . 4 - 3 B 

N04E/48*J 
N49E/S5NW 

F I G . 4 - 3 C 

3399 bench-poles to 96 quartz- 3399 bench - poles to 163 non-

molybdenite veins greater than mineralized faults . 

6 inches wide. 

FIG. 4 - 3 D 

3399 bench - poles to 66 non-

mineralized joints. 

69E/J0 N 

FIG . 4 - 3 E F IG . 4 - 3 F 
3399 bench - poles to 30 quartz - Adit - poles to 125 molybdenite 

feldspar porphyry and 4 basalt dykes. bearing veins ond fractures. 

F IG . 4 - 3 6 F I G 4 - 3 H 
Adit-pales to 56 non-mineralized Surface-West Pit' poles to 179 veins ond. 

faults ond fractures. non-minerolized fractures.  

FIGURE 4 - 3 
Stereogram plots of Western Pit structural features. 
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Fig. 4-3C is a plot of poles to 163 non-mineralized faults on 

3399 bench, indicating the following dominant attitudes: 

N 49° E/55° NW 
N 04° E/48° N 
N 14° W/90° 
E-W° /75°S 
N 11° W/60° W 
N 18° E/80° W 

Faults along veins, or mineralized faults were both mapped as veins. 

The marked lack of correspondance between principal vein attitudes in 

Figs. 4-3A and 4-3B, and fault directions in Fig. 4-3C may be slightly 

misleading since close inspection of the adit area showed that some 

veins l i e along the northeast, fault directions, and that some faults 

l i e along the east-west and northwest vein directions (Drummond, 1966c). 

However,, the overall lack of correspondance in vein and non-mineralized 

fault trends i s valid. 

(b) 3399 Bench - Joints 

Jointing in the pit is accentuated by blasting, hence joints must 

be carefully examined before mapping. Consequently, only 66 joint 

attitudes are recorded for 3399 bench in Fig. 4-3D. Dominant attitudes 

are: 

N 49° E/65° NW 
N 19° W/77° SW 
N 31° E/75° NW 
N 24° E/68° NW 
N 72° W/50° S 

These attitudes are correlated with other non-mineralized structures 

in Table 4-2 
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(c) 3399 Bench - Dykes 

F i g . 4-3E i s a p l o t of poles to 30 q u a r t z - f e l d s p a r porphyry dykes 

exposed on 3399 bench. Dyke contacts are very i r r e g u l a r l o c a l l y , but 

the two dominant a t t i t u d e s i n F i g . 4-3E; N 15° E/65° W to N 34° E/ 

50° NW, and N 36° W/90°, a c c u r a t e l y r e f l e c t predominant a t t i t u d e s of 

dykes as seen on a g e o l o g i c a l p l a n of 3399 bench ( F i g . 4-2). These 

a c i d i c dykes are cut by a l l m i n e r a l i z e d and non-mineralized s t r u c t u r e s 

i n the mine; t h e i r a t t i t u d e s r e f l e c t the s t r e s s o r i e n t a t i o n i n Endako 

Quartz Monzonite p r i o r to m i n e r a l i z a t i o n . 

F i g . 4-3E a l s o i n c l u d e s a p l o t of 4 poles to a l a r g e b a s a l t dyke 

i n the west p i t . The b a s a l t dyke has average a t t i t u d e N 82° W/64° S. 

I t i s a l a t e , non-mineralized dyke and f o l l o w s the dominant east-west 

s t r u c t u r e . The dyke i s d i s p l a c e d by younger no r t h e a s t - t r e n d i n g f a u l t s . 

(d) A d i t Area - Sections 10,000 and 10,150 

The a d i t area mapped by E.T. Kimura i s r e l a t i v e l y s m a l l compared 

to the s i z e of the west p i t , but underground mapping allows c l o s e r 

examination of d e t a i l s of r e l a t i o n s between veins and f r a c t u r e s . F i g . 

4-3F i s a p l o t of poles to 125 quartz-molybdenite v e i n s and m i n e r a l i z e d 

f r a c t u r e s i n the a d i t . P r i n c i p a l a t t i t u d e s are: 

N 68° W/50° SE 
N 69° E/30° NW 
N 86° W/37° S 
N 34° E/84° SE 

F i g . 4-3G i s a p l o t of poles to 56 non-mineralized f a u l t s and 

f r a c t u r e s i n the a d i t area. The dominant a t t i t u d e s of these s t r u c t u r e s 

are: 
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N 49° E/67° NW 
N 23° W/90° 
N 89° E/53° S 

These attitudes correspond well to similar structures on 3399 bench 

(Tables 4-1 and 4-2). A comparison of Figs. 4-3F and 4-3G reveals a 

rough correlation between northeast and east-west faults and veins, 

indicating that some fault movements do parallel vein directions. 

(e) Surface Mapping 

Drummond (1966c) plotted poles to 179 molybdenite-bearing and 

non-molybdenite-bearing veins and faults from surface mapping in the 

west pi t area, and noted the major directions N 80° E/47° SE and 

N 63° E/68° NW; with a minor direction N 24° W/90° to 85° SW. These 

attitudes correspond with principal trends tabulated i n Table 4-1. 

(f) Air-Photograph Lineations 

V. Zay Smith and Associates Ltd. of Calgary, Alberta produced a 

lineament map based on air-photo interpretation for Endako Mines Ltd. 

(N.P.L.). From the region between Highway 16 and Francois Lake cover­

ing the mine area, a total of 254 lineaments were compiled by Drummond 

(1966c). Trends of these lineaments are diagrammatically represented 

in Fig. 4-4. The following strikes are prominent: 

E-W to N 80° E 
N 50° W 
N 30° W 
N-S 
N 52° E 

Structures mapped at the mine coincide closely with these lineament 

directions (Table 4-1), indicating that regional lineations bear a 
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J. 

FIGURE 4 -4 

Diagrammatic p l o t of 254 l i n e e t i o n s , from V. Zay Smith Associates 

airphoto i n t e r p r e t a t i o n f o r the Endako mine area, showing most 

prevalent d i r e c t i o n s . Area from Highway 16 south to Francois Lake. 

A f t e r A« D. iJrummond, 1966. 
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direct relationship to the structural features of the mine. 

J.M. Carr (1966, Fig. 25) prepared a sketch map of lineaments 

near the Endako orebody from Department of Transport air photographs 

(Fig. 4-5). These lineament trends correspond with those of the V. 

Zay Smith map in Fig. 4-4 and with the major structural trends out­

lined in mine mapping. 

The location of the orebody at the intersection of three major 

regional fracture systems is evident i n Fig. 4-5. Mineralized east-

west, northwest and northeast fractures may reflect the trends of 

earlier fractures which controlled emplacement of the pluton. Confi­

guration of Endako Quartz Monzonite contacts with Casey Alaskite and 

Francois Granite shows a marked change in trend of the elongate pluton 

in the v i c i n i t y of the mine, indicative of intersection of east-west 

and northwest fracture zones. Northeast lineaments correspond to both 

post-ore faults and joints as well as flat-dipping veins in the mine. 

Predominance of N 50° W lineaments i n Fig. 4-5 evidently i s due to 

accentuation of topography over underlying structures by local ice 

movements in this direction. 

(2) Structural Features of the Central-Eastern Pit Area 

Structural data from benches 3267 and 3333 in the central-eastern pit 

area were compiled by Kimura and Drummond (1969). The data are presented 

in two groups: quartz-molybdenite veins, and non-mineralized faults and 

joints. The area includes a large central swarm of porphyritic granite and 

quartz-feldspar porphyry dykes, and the eastern pit north of grid line 

30,000 N. 
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F I G U R E 4-5 

AIR - P H O T O LINEAMENT T R E N D S . 

From J.M. Carr, 1966, F IG .25 . 



Table 4-1 

Correlation of Structures i n Western P i t , 

Adit and Surface at Endako Mine 

-
Location 

Structure 3399 Bench Adit Lineations Surface 

Quartz- N86E/54S to N85E N80E/47SE 
molybdenite 
veins N73E/56SE N68E/50SE 

N59W/47SW N50W 

N69E/30NW N70E 

Non- N49E/55NW N49E/67NW N52E N62E/68NW 
mineralized 
faults N14W/90 N23W/90 N30W N24W/90 

N04E/48W N-S 

E-W/75S N89E/53S E-W 

Table 4-2 

Correlation of Non-mineralized Structures at Endako Mine 

Faults-3399 Bench Faults-Adit Joints-3399 Bench Basalt.Dykes 

N49E/55NW N49E/67NW N49E/65NW 

N14W/90 N23W/90 N19W/77SW 

E-W/75S N89E/53S N72W/50S N82W/64S 

N18E/80W N24E/68NW 
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(a) Quartz-molybdenite Veins 

The stockwork of small quartz-molybdenite veins i s more e x t e n s i v e l y 

developed i n the c e n t r a l - e a s t e r n p i t area than i n the west. Large 

veins dip moderately southward, and l a r g e f l a t - l y i n g v e i n s are more 

abundant than to the west but l e s s abundant than i n the southeastern 

p i t . Veins show p r e f e r r e d o r i e n t a t i o n of s t r i k e s i n the range n o r t h ­

east to east-west, but dips are d i s t i n c t l y more v a r i a b l e . 

A stereogram of poles to 147 quartz-molybdenite v e i n s i s given i n 

F i g . 4 - 6 A . P r i n c i p a l v e i n a t t i t u d e s are: 

N 88° E/ 5° N 
N 80° E/40° N 
N 85° E/45° S 
N 35° E/60° SE 
N 58° E/60° NW 

(b) Non-mineralized F a u l t s arid J o i n t s 

The dominant trend of f a u l t s and j o i n t s i n the c e n t r a l - e a s t e r n 

p i t i s northeast, w i t h minor trends northwestward and due northward. 

East-west f a u l t s g e n e r a l l y f o l l o w major veins and are not p l o t t e d as 

f a u l t s . Non-mineralized f r a c t u r e s show a c o n s i s t e n t p r e f e r r e d n o r t h ­

east trend throughout the orebody. No s i g n i f i c a n t d i f f e r e n c e s i n f a u l t 

and j o i n t a t t i t u d e s were detected between the three sub-areas s t u d i e d . 

Poles to 50 non-mineralized f a u l t s and j o i n t s i n the c e n t r a l -

eastern p i t are p l o t t e d i n F i g . 4 - 6 B . Predominant a t t i t u d e s are: 

N 42° E/85° NW 
N 30° W/85° SE 

N/30° E 
N 12° E/80° SE 
N 38° E/60° SE 
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(3) Structural Features of the Southeastern Pit Area 

Benches 3069, 3102 and 3135 in the southeastern pit area were mapped 

in 1969 and 1970. Data from this area south of grid line 30,000 N and east 

of the central dyke swarm are considered i n four groups below: 

(a) Quartz-molybdenite Veins 

Poles to 511 veins 6 inches wide or greater are given in Fig. 4-6C. 

The largest concentration is centred at N 39° E/13° NW. The only other 

significant attitude is N 84° E/51° S. Fig. 4-6D is a stereogram of 

poles to 977 veins less than 6 inches wide. The strongest concentra­

tion of small veins, N 37° E/30° NW, corresponds with a concentration 

of large veins in the same area, except for the steeper average dip of 

the small veins. A secondary concentration of small veins at N 86° E/ 

54° S corresponds with the secondary concentration of large veins in 

Fig. 4-6C. Veins in the southeastern pit are strongly concentrated in 

two sets: veins with f l a t to 30° northwestward dips and northeast 

strikes, and veins with moderate southward dips and east-west strikes. 

The stockwork of large and small molybdenite-bearing veins is 

more intensely and uniformly developed in the eastern and southeastern 

parts of the pit than elsewhere. A progressive increase in stockwork 

development is evident from the western towards the eastern and south­

eastern areas. In the western pit largest veins dip 50°-60° southward, 

whereas largest veins in the southeastern pit are f l a t or dip shallowly 

northwestward. 



FIG. 4-6A EAST PIT FIG.4-6B EAST PIT FIG.4-6C SOUTHEAST PIT 

Benches 3267, 3333- Poles Benches 3267, 3333' Poles Benches 3069, 3102,3135 > 
to 147 quarlz-molybdenite to 50 non-mineralized faults Poles to 511 quartz-molyb-
veins. and joints. denite veins > 6" wide. 

FIG.4-6D SOUTHEAST PIT FIG.4-6E SOUTHEAST PIT FIG.4-6F SOUTHEAST PIT 

Benches 3069,3135,3102. Benches 3069,3102,3135 > Benches 3069,3102,3135 < 
Poles to 977 quartz-molyb- Poles to 229 non-mineralized Poles to 352 non-mineralized 
denite veins <6" wide. faults. joints. 

FI6.4-6G FIG. 4 -6H FIG.4-61 
Orientation of early stress. Orientation of doming and Orientation of late stress. 

fracturing stress. 

FIGURE 4 - 6 
Eastern and southeastern pit structures and stress orientation. 
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(b) Faults and Joints 

Non-mineralized faults i n the southeastern pit show the same 

tendency of northeast strikes and moderate to steep northwest dips as 

do faults elsewhere at the mine. Poles to 229 faults are plotted in 

Fig. 4-6E. Dominant attitudes, in diminishing order of importance, 

are as follows: 

N 55° E/65° NW 
N 48° E/89° NW 
N 61° E/32° NW 
N 06° W/90° 
N 70° E/90° 
N 30° E/73° NW 

East-west faults often follow major veins, therefore these "mineralized" 

structures are not plotted with other faults. 

Non-mineralized joints show a strong tendency to strike north­

eastward and dip steeply to ve r t i c a l l y . Poles to 352 joints are 

plotted in Fig. 4-6F. Dominant attitudes are: 

N 43° E/88° NW 
N 12° W/90° 
N 30° E/90° 
N 71° E/85° NW 
N 38° E/73° SW 

Similar concentrations of joint attitudes were mapped in the central-

eastern and western pit areas. 

(c) Dykes 

Dips of dyke contacts were seldom recorded in mapping of the 

eastern p i t . Where measured, dyke contacts dip steeply to vertic a l l y , 

and the average dip is taken as ve r t i c a l . Acidic dykes are small and 
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s p a r s e l y d i s t r i b u t e d i n the southeastern p i t i n comparison to the two 

dyke swarms i n the c e n t r a l and western areas. 

Dyke a t t i t u d e s occur i n two d i s t i n c t groups. The average a t t i ­

tude of 25, n o r t h e a s t - t r e n d i n g dykes i s N 26° E/90°, and the average 

a t t i t u d e of 11 northwest-trending dykes i s N 20° W/90°. Dyke swarms 

i n the western p i t show the same predominant north-northeast s t r i k e s 

and minor north-northwest s t r i k e s . 

Summary 

M i n e r a l i z e d and non-mineralized s t r u c t u r e s are c o r r e l a t e d among the 

three sub-areas of the orebody s t u d i e d (Table 4-3). Two dominant v e i n a t t i ­

tudes are noted throughout the p i t : E-W/500 S and NE/5-30 0 NW. Three 

p r i n c i p a l a t t i t u d e s of non-mineralized f a u l t s and j o i n t s are noted, w i t h a 

N 50° E/70° NW s e t predominant. Other p r i n c i p a l a t t i t u d e s are N 30° E/ 

70° NW and N 15° W/90°. Structures l o c a t e d by surface and underground map­

pi n g , and airphoto l i n e a t i o n s a l s o c o r r e l a t e w i t h the dominant a t t i t u d e s 

l i s t e d i n Table 4-3. 

(4) I n t e r p r e t a t i o n of Mine S t r u c t u r e s 

(a) The Stress I n d i c a t r i x 

The s t r e s s i n d i c a t r i x technique, as proposed by J.W. Ambrose 

(pers. comm., 1967), has been used i n a n a l y s i s of mine s t r u c t u r e s . A 

theory of r e l a t i o n s between s t r e s s and f a i l u r e d i r e c t i o n s i n rocks was 

f i r s t proposed by Coulomb (1773), l a t e r r e s t a t e d by Mohr (1882), and 

r e c e n t l y proven mathematically by Hubbert (1951). Several authors 

have a p p l i e d Mohr's hypothesis to s t u d i e s of geometry and kinematics 
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Table 4 - 3 

Correlation of Structures at Endako Mine 

Quartz-molybdenite Veins 

Western Pit Central-Eastern Pit Southeastern Pit 

N 86° E/54° S (sm) N 85° E/45° S N 86° E/54° S (sm) 

N 89° W/49° S (lg) N 84° E/48° S (lg) 

N 47° E/10° NW (sm) N 88° E/ 5° N N 39° E/13° NW (lg) 

N 37° E/30° NW (sm) 

Non-Mineralized Faults and Joints 

N 49° E/55° NW (ft) N 42° E/85° NW N 48° E/89° NW (ft) 

N 49° E/65° NW (jt) N 55° W/65° NW (ft) 

N 31° E/75° NW (jt) N 22° E/60° NW N 30° E/73° NW (ft) 

N 38° E/60° SE N 30° E/90° (jt) 

N 14° W/90° (ft) N 30° W/85° SE N 06° W/90° (ft) 

N 19° W/77° SW (jt) N 12° W/90° (jt) 

E--w /75° S N 71° E/90° 

Abbreviations: sm = small veins, up to 6 " wide 

lg = large veins, over 6 " wide 

f t = faults 

j t = joints 



148. 

of b r i t t l e f a i l u r e i n rocks. Anderson (1942) suggested that the three 

orthogonal s t r e s s d i r e c t i o n s , P, Q and R, i n any f a u l t system may be 

determined by measuring the angle 29 between the f a u l t s . De Cizancourt 

(1947) defined s e v e r a l types of f r a c t u r e s and developed a s t a t i s t i c a l 

method f o r t h e i r a n a l y s i s . Sander (1930), i n a comprehensive study of 

mesoscopic and microscopic s t r u c t u r e s , t r a n s l a t e d from the German by 

Knopf and Ingerson (1938), emphasizes o r i e n t e d f a b r i c due to movement, 

and symmetry of elements and movements i n s t r u c t u r a l a n a l y s i s . In a 

synthesis of the ideas of Anderson, de Cizancourt and Sander, the s t r e s s 

i n d i c a t r i x of Ambrose employs arrangement of s t r u c t u r a l elements 

(geometry) and movements of the elements (kinematics) to p r e d i c t f o r c e s 

causing movement (dynamics). 

The s t r e s s i n d i c a t r i x i s a three-dimensional model of i n t e r s e c t ­

i n g planes of te n s i o n f r a c t u r e and shear ( F i g . 4-7). Three mutually 

p e r p e n d i c u l a r planes i n an X-Y-Z orthogonal system (XY, XZ and YZ planes) 

are t e n s i o n f r a c t u r e planes, i . e . planes of zero shear. T h e i r i n t e r ­

s e c t i o n s d e f i n e the X, Y and Z axes which correspond dynamically to 

p r i n c i p a l , intermediate and minimum s t r e s s ( 0~̂ , 0~2» o r Q> K) 

r e s p e c t i v e l y . The two shear planes of Mohr i n t e r s e c t i n the Y a x i s 

and d e f i n e the angle 29 which i s measured i n the XZ plane and b i s e c t e d 

by the XY plane. D i r e c t i o n of motion on shear planes i s given by 

l i n e a t i o n s ( s l i c k e n s i d e s ) p a r a l l e l to t h e i r i n t e r s e c t i o n w i t h the XZ 

plane. Sense of movement i s determined from f i e l d observations and 

the nature of the s l i c k e n s i d e s u r f a c e . In the kinematic nomenclature 

of the Sander s c h o o l , the d i r e c t i o n of forward motion on the shear 

plan "S" i s designated "a"; "b" i s perpendicular to "a" l i n e a t i o n s i n 

the S plane and corresponds to the Y a x i s or intermediate s t r e s s ; and 
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X axis 
maximum stress 

Shear plane Shear plane 



150. 

" c " i s perpendicular to the S plane c o n t a i n i n g a and b, th e r e f o r e 

l i e s i n the XZ or ac plane. 

The o r i e n t a t i o n of s t r u c t u r a l elements and movements of a system 

according to the s t r e s s i n d i c a t r i x w i l l : 

1. r e l a t e elements to one another; 

2. r e l a t e movements to one another, and to elements; 

3. e s t a b l i s h the symmetry of the system; 

4 . i n d i c a t e the d i r e c t i o n s of p r i n c i p a l s t r e s s e s ; 

5. d i s t i n g u i s h those elements not r e l a t e d to the system. 

(b) S t r u c t u r a l I n t e r p r e t a t i o n 

The development of Endako orebody was i n f l u e n c e d by three r e l a t e d 

igneous events: emplacement and c r y s t a l l i z a t i o n of Endako Quartz Mon­

z o n i t e ; i n t r u s i o n of r e s i d u a l g r a n i t i c magma as pre-ore dykes; and 

ascent of hydrothermal f l u i d s through the l o c a l i z e d zone of intense 

f r a c t u r i n g . 

P r e - e x i s t i n g f a u l t s probably i n f l u e n c e d both the trend of Endako 

Quartz Monzonite p l u t o n and the l o c a l i z a t i o n of s t r e s s e s i n the mine 

area. The pl u t o n f o l l o w s a r e g i o n a l west-northwest f o l i a t i o n trend i n 

Simon Bay Diorite,,.and may have e i t h e r f l a n k e d the ol d e r u n i t on the 

south o r intr u d e d i t . Deep-seated northwest and east-west f a u l t s 

f o l l o w i n g t h i s o l d Topley trend could have served as conduits f o r the 

quartz monzonitic magma. I n t e r s e c t i o n of these f a u l t s plus a northeast 

f a u l t i n the v i c i n i t y of the mine l o c a l i z e d e a r l y compressional and 

shear s t r e s s e s w i t h r e s u l t a n t doming and f r a c t u r i n g i n a r e s t r i c t e d 

area. 
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( i ) O r i e n t a t i o n of E a r l y Stress 

The Endako Quartz Monzonite pl u t o n was emplaced as an e l o n ­

gate body, probably under s t r e s s normal to i t s long a x i s . As the 

body cooled and c r y s t a l l i z e d , s t r e s s e s were released by movement 

along major wrench f a u l t s , and by f r a c t u r i n g p a r a l l e l to the 

north-northeast p r i n c i p a l s t r e s s i n the orebody area ( F i g . 4-8A). 

E a r l y movements along major orebody f a u l t s generated secondary 

shears, one set of which c o i n c i d e d w i t h the e a r l y t e n s i o n f r a c ­

t u r e s . Swarms of a c i d i c pre-ore dykes w i t h dominant a t t i t u d e s 

N 22° E/60° NW i n t r u d e d the f r a c t u r e zones ( F i g . 4-8B). F i g . 4-6G 

i s a stereogram of the s t r e s s i n d i c a t r i x r e p r e s e n t i n g e a r l y s t r e s s 

o r i e n t a t i o n at the mine. A c i d i c dykes d e f i n e the XY plane, 

p a r a l l e l to the p r i n c i p a l s t r e s s . 

Continued movements along orebody f a u l t s subsequent to 

i n t r u s i o n of the north-northeast f r a c t u r e zone by pre-ore dykes 

developed the other member of the conjugate set of secondary 

shears, p a r a l l e l to the South Boundary f a u l t . East-west secon­

dary shears developed i n an en echelon array between the bounding 

N 20°W and N 43°E wrench f a u l t s , c r e a t i n g a r e s t r i c t e d zone of 

i n t e r s e c t i o n w i t h north-northeast f r a c t u r e s and dykes, elongated 

i n a west-northwest d i r e c t i o n ( F i g . 4-8C). Sporadic r e l a x a t i o n 

of north-northeast s t r e s s opened r e l e a s e j o i n t s e s s e n t i a l l y nor­

mal to the p r i n c i p a l s t r e s s , augmenting the zone of e a r l y E-W 

shears of the same a t t i t u d e , and causing p r e - e x i s t i n g shear f r a c ­

tures to gape as t e n s i o n f r a c t u r e s . 
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In the s t r e s s i n d i c a t r i x model of e a r l y s t r e s s o r i e n t a t i o n 

( F i g . 4 - 6 G ) the l a r g e f a m i l y of E - W / 5 0 0 S f r a c t u r e s corresponds 

to the YZ plane, normal to the XY plane defined by pre-ore dykes. 

I n t e r s e c t i o n of these two planes defines the Y or b a x i s . The 

XZ (or ac) plane i s constructed normal to the b a x i s . I n t e r s e c ­

t i o n of the XY and ac planes defines the X a x i s , the d i r e c t i o n of 

p r i n c i p a l s t r e s s . In t h i s model, the p r i n c i p a l s t r e s s plunges 

N 04° W at 3 7 ° . 

North and n o r t h e a s t - t r e n d i n g zones of i n c i p i e n t shearing 

probably were generated by e a r l y compressive s t r e s s . L i t t l e or 

no pre-ore movements occurred along these two d i r e c t i o n s due to 

the development of p r e v i o u s l y described secondary shears by move­

ments along major orebody f a u l t s . Conjugate shears that developed 

under north-northeast s t r e s s i d e a l l y would i n t e r s e c t the ac plane 

about 30° e i t h e r s i d e of the XY plane, d e f i n i n g a 20 angle of 6 0 ° , 

and i n t e r s e c t i n g i n the Y a x i s , as depicted i n F i g . 4 - 6 G . Major 

non-mineralized f a u l t a t t i t u d e s correspond to the two p r e d i c t e d 

shear d i r e c t i o n s , i n d i c a t i n g a resumption of n o r t h e r l y - t r e n d i n g 

s t r e s s occurred subsequent to m i n e r a l d e p o s i t i o n . 

( i i ) O r i e n t a t i o n of Doming and F r a c t u r i n g S t r e s s : 

Doming was i n i t i a t e d throughout the west-northwest-trending 

weakened zone of i n t e r s e c t i n g f r a c t u r e s and dykes ( F i g . 4 - 8 C ). A 

combination of l a t e r a l compression and v e r t i c a l u p l i f t caused 

doming and r e s u l t a n t f r a c t u r i n g throughout the weakened zone. 

Regional north-northeast compression was waning as the t e r m i n a l 

stage of c o o l i n g of the p l u t o n approached. Rise of r e s i d u a l 
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FIGURE 4-8 A 

N43E Pre-doming stress and early fractures. 
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FIGURE 4-8B 

Sheor stress orientation in the fau l t -
bounded orebody blocks Shear Sj aug­
ments existing N22E fractures. Shear 
S., develops after S, is intruded by 
pre-ore dykes. 

FIGURE 4-8C 

Doming occurs over the weakened 
rone of intersecting S 2 shears and 
NNE dykes and fractures. S 2 shears 
first become YZ tension f ractures 
under release of la te ra l NNE stress 
then become normal faults during 
domal uplift and s u b s i d e n c e . 

F I G U R E 4-8D 

Schematic plan of orebody showing 
en echelon array of E-W veins , 
with antithetic NE veins . 

FIGURE 4-8" Localization and development of Endako stockwork. 
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g r a n i t i c magma that c r y s t a l l i z e d , s u c c e s s i v e l y , as pre-ore a p l i t e , 

p o r p h y r i t i c g r a n i t e and quartz-feldspar-porphyry dykes provided 

co n t i n u i n g v e r t i c a l s t r e s s a f t e r orebody dykes were emplaced. 

With the onset of doming, the p r i n c i p a l s t r e s s changed from the 

e a r l y s u b - h o r i z o n t a l a t t i t u d e to an e s s e n t i a l l y v e r t i c a l o r i e n t a ­

t i o n . 

F i g . 4-6H i s a stereogram of the s t r e s s i n d i c a t r i x model of 

s t r e s s o r i e n t a t i o n during the main stage of f r a c t u r i n g and sulphide 

d e p o s i t i o n . The two p r i n c i p a l v e i n a t t i t u d e s d e f i n e a conjugate 

set of a n t i t h e t i c f r a c t u r e s along which normal displacement 

occurred during expansion and c o l l a p s e of the domal s t r u c t u r e . A 

h y p o t h e t i c a l ac plane, constructed through the two concentrations 

of poles to v e i n s , corresponds to a l a r g e group of f a u l t s and 

j o i n t s w i t h average a t t i t u d e N 15° W/83° E. The e s s e n t i a l l y h o r i ­

z o n t a l b a x i s i n t h i s model i s defined by both the pole to the ac 

plane and the i n t e r s e c t i o n of the two average shear planes. The 

XY plane, constructed through the b axi s and b i s e c t i n g the angle 

29 of 64° measured i n the ac plane, corresponds to a f a m i l y of 

non-mineralized f a u l t s and j o i n t s w i t h a s i m i l a r a t t i t u d e of 

N 73° E/72° N. The i n t e r s e c t i o n of XY and ac planes defines the 

X a x i s , or d i r e c t i o n of maximum s t r e s s , that plunges N 08° E at 

70° . 

The main set of east-west veins formed f i r s t as secondary 

shears, then became, YZ r e l e a s e f r a c t u r e s normal to the e a r l y com­

p r e s s i v e s t r e s s . With u p l i f t of the dome these f r a c t u r e s became 

planes of v e r t i c a l displacement. V e r t i c a l adjustments of the 
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orebody to doming were taken up by the east-west set of south-

dipping f r a c t u r e s , by a newly-formed set of a n t i t h e t i c f r a c t u r e s 

w i t h northeast s t r i k e s and shallow northwest d i p s , and al s o by 

the South Boundary f a u l t . Lack of appreciable normal displacement 

of pre-ore dykes along m i n e r a l i z e d southward and northwestward-

dipping f r a c t u r e s i n d i c a t e s that doming e f f e c t s occurred over a 

r e l a t i v e l y s m a l l v e r t i c a l range. 

An intensely-developed stockwork of f r a c t u r e s i n the eastern 

and southeastern p i t areas was developed during u p l i f t and s u b s i ­

dence of the domal s t r u c t u r e . Shallow northwestward-dipping 

f r a c t u r e s formed a conjugate set w i t h the south-dipping f r a c t u r e s 

and sustained a n t i t h e t i c normal displacement. Networks of veins 

w i t h these two predominant a t t i t u d e s are common i n eastern p i t 

stockworks. A r e l a t e d s et of h o r i z o n t a l f r a c t u r e s , o r i e n t e d 

e s s e n t i a l l y normal to the v e r t i c a l s t r e s s , opened during u p l i f t 

and/or subsidence of the dome. I n the eastern p i t , l a r g e Stage 3 

quartz-molybdenite veins f i l l these f l a t f r a c t u r e s , i n d i c a t i n g 

that the f r a c t u r e s gaped during the l a s t stage of molybdenite 

d e p o s i t i o n . Apparently the f l a t f r a c t u r e s are YZ r e l e a s e j o i n t s 

that formed as a l a t e s t r u c t u r a l adjustment of the domed orebody 

to c e s s a t i o n of v e r t i c a l s t r e s s . 

( i i i ) O r i e n t a t i o n of Late S t r e s s : 

The Endako orebody has undergone s e v e r a l stages of post-

m i n e r a l i z a t i o n f a u l t i n g . A resumption of n o r t h e r l y - t r e n d i n g 

compressive s t r e s s e s presumably accompanied the i n t r u s i o n of 

younger plutons f l a n k i n g Endako Quartz Monzonite, w i t h r e s u l t a n t 
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shearing along p r e - e x i s t i n g north and northeast zones of weakness 

and displacement of e a r l i e r dykes and v e i n s . L i m i t e d movement 

along east-west veins may have occurred at t h i s stage, along w i t h 

opening of no r t h e a s t - t r e n d i n g non-mineralized j o i n t s . Minor 

q u a r t z - s p e c u l a r i t e , c a l c i t e and chalcedony v e i n s which f o l l o w 

post-ore f r a c t u r e s i n the orebody may have attended t h i s p e r i o d of 

l a t e f r a c t u r i n g . 

The nature of displacement of Topley u n i t s along Casey Lake 

and T a i l i n g s Creek f a u l t s i n d i c a t e s these are major wrench f a u l t s 

generated by no r t h - t r e n d i n g compression. Movement on these f a u l t s 

and s m a l l e r post-ore N 15° W/90° and N 50° E/65° NW f a u l t s at the 

mine probably pre-dates i n t r u s i o n of the S t e l l a k o p l u t o n , and may 

be i n response to renewed n o r t h e r l y compression accompanying 

emplacement of young Topley u n i t s north of the map-area. 

Fractures c o n t r o l l i n g emplacement of the di s c o r d a n t , n o r t h -

northeast t r e n d i n g S t e l l a k o p l u t o n may have opened upon r e l e a s e 

of the aforementioned s t r e s s or a l a t e r s t r e s s of s i m i l a r o r i e n t a ­

t i o n . The c e n t r a l a x i s of S t e l l a k o p l u t o n trends N 22° E ( F i g s . 

4-1 and 4-61), i n p r e c i s e alignment w i t h e a r l i e r t e n s i o n f r a c t u r e s 

at Endako mine and the i m p l i e d r e g i o n a l compressional a x i s . East-

west s t r e s s e s generated i n t h i s E a r l y Cretaceous p e r i o d of 

orogenic a c t i v i t y could have renewed movements on o l d northeast 

f a u l t s at the mine, and caused new shearing movements p a r a l l e l and 

s u b p a r a l l e l to the main v e i n a t t i t u d e of E-W/55° S ( F i g . 4-61). 

Small l a t e r a l movement along South Boundary f a u l t , e f f e c t i n g d i s ­

placement of Casey Lake f a u l t , i s probably r e l a t e d to t h i s s t r e s s . 
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A minor group of non-mineralized N 15° W/90° f r a c t u r e s at the 

mine, and j o i n t s of s i m i l a r trend i n plutons f l a n k i n g Endako qu a r t z -

monzonite may have r e s u l t e d from r e l e a s e of t h i s l a t e east-west 

s t r e s s . 

I n s u f f i c i e n t data on sense of movements on p o s t - m i n e r a l i z a t i o n 

f a u l t s prevents a more thorough a n a l y s i s of s t r e s s o r i e n t a t i o n and 

shear d i r e c t i o n s . The general sense of movements on p r i n c i p a l 

f a u l t s i s shown i n F i g . 4-61 as deduced from displacements of 

major s t r u c t u r e s depicted i n 3399 bench p l a n ( F i g . 4-2), the s u r ­

face map of the west p i t area ( F i g . 3-22), and the r e g i o n a l 

g e o l o g i c a l map ( J a c k e t ) . Displacements observed i n p i t mapping 

are g e n e r a l l y s m a l l , and represent only the f i n a l p e r i o d of f a u l t ­

i n g . 

( i v ) L o c a l i z a t i o n , Development and Zonation of Stockwork 

The p r i n c i p a l cause of l o c a l i z a t i o n of f r a c t u r i n g i n the 

mine area i s the i n t e r s e c t i o n of three major f a u l t s or f a u l t zones. 

Secondary shears generated by e a r l y movements on these f a u l t s , 

and t e n s i o n j o i n t s that opened under i n c r e a s e and c e s s a t i o n of 

north-northeast s t r e s s i n t e r s e c t to form an elongate weakened 

zone. Continuation of north-northeast compression plus commence­

ment of v e r t i c a l s t r e s s e s accompanying the r i s e of l a t e g r a n i t i c 

magma and emplacement of pre-ore dykes caused doming of the 

west-northwest-trending weakened zone. 

Doming of the weakened area created an elongated, e l l i p t i -

c ally-shaped zone of intense f r a c t u r i n g and v e i n i n g . More than 
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one p e r i o d of u p l i f t i s i n v o l v e d i n the development of domal 

f r a c t u r i n g . The three types of a c i d i c pre-ore dykes were 

emplaced by at l e a s t the same number of pulses of r i s i n g g r a n i t i c 

magma. Extent and i n t e n s i t y of stockwork i n d i c a t e that repeated 

c o n d i t i o n s of u p l i f t and c o l l a p s e p r e v a i l e d . However, u n i f o r m i t y 

of p r i n c i p a l v e i n a t t i t u d e s i n d i c a t e s that doming occurred w i t h i n 

a s i n g l e s t r e s s environment. Minor o f f s e t of pre-ore dykes by 

m i n e r a l i z e d f r a c t u r e s shows that the range of v e r t i c a l movement 

during doming was s m a l l . Doming of the orebody apparently occurred 

i n response to numerous sporadic p u l s a t i o n s r a t h e r than one or a 

few major periods of u p l i f t . 

Most veins i n the stockwork o r i g i n a t e d as one member or the 

other of a conjugate p a i r of a n t i t h e t i c f a u l t s . Release of v e r t i ­

c a l s t r e s s was d i s t r i b u t e d mainly over the predominant E-W/50" S 

and NE/5-30 0 NW f a m i l i e s of f r a c t u r e s . I n t e r s e c t i o n of l a r g e 

east-west and northeast conjugate v e i n s and a s s o c i a t e d stockwork 

v e i n l e t s i n the eastern orebody created a shallow southwest-

plunging zone of high-grade ore. Large f l a t veins i n the eastern 

p i t formed as r e l e a s e j o i n t s to the v e r t i c a l s t r e s s . A n t i t h e t i c 

f a u l t i n g d i e s out v e r t i c a l l y and h o r i z o n t a l l y southward toward the 

South Boundary f a u l t . The p y r i t e zone could be considered as 

d e f i n i n g the southern l i m i t of stockwork, although weak f r a c t u r i n g , 

a l t e r a t i o n and s u lphide m i n e r a l i z a t i o n occur south of the p y r i t e 

zone. Stockwork f r a c t u r i n g terminates more abru p t l y to the north 

of the orebody, where l i m i t s of economic molybdenite d e p o s i t i o n 

e s s e n t i a l l y d e f i n e the northern l i m i t s of f r a c t u r i n g . 
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The South Boundary f a u l t apparently served as a p r e l i m i n a r y 

f r a c t u r e f l a n k i n g the i n c i p i e n t dome, as described i n numerous 

l o c a l i t i e s by Wisser ( 1 9 6 0 ) . The l a c k of f r a c t u r i n g adjacent to 

t h i s major f a u l t i n d i c a t e s i t d i d not s u s t a i n s i g n i f i c a n t move­

ment during doming and subsidence. Schematic c r o s s - s e c t i o n s of 

the orebody ( F i g . 4 - 9 ) Show that only the southeastern corner of 

the orebody was c l o s e enough to the f a u l t f o r stockwork f r a c t u r i n g 

to be i n f l u e n c e d . 

In the eastern and southeastern p a r t s of the orebody in t e n s e 

stockwork development apparently i s i n f l u e n c e d p r i m a r i l y by a 

major N 43° E f a u l t zone that crosses the eastern end of the ore-

body. I n t e r s e c t i o n of t h i s f a u l t w i t h the zone of E-W secondary 

shears probably created a zone of int e n s e f r a c t u r i n g i n the 

eastern orebody. Abundant, s m a l l northeast f a u l t s a s s ociated w i t h 

northeast stockwork veins a t t e s t to the importance of t h i s f a u l t 

zone i n generating i n t e n s e l o c a l f r a c t u r i n g . V e r t i c a l movements 

may have been of r e l a t i v e l y greater magnitude and/or frequency i n 

the eastern.orebody, as witnessed by the l o c a l abundance of l a r g e 

f l a t veins that probably o r i g i n a t e d as r e l e a s e f r a c t u r e s . Domal 

movements i n t h i s eastern area probably were enhanced by pre-

f r a c t u r e d ground adjacent to the N 43° E f a u l t , r e s u l t i n g i n 

r e l a t i v e l y i n t e n s e domal f r a c t u r i n g . 

N e i t h e r the N 43° E nor the N 20° W r e g i o n a l f a u l t s have 

generated s i g n i f i c a n t f r a c t u r i n g at t h e i r i n t e r s e c t i o n s w i t h the 

South Boundary f a u l t . A p o s s i b l e e x p l a n a t i o n f o r t h i s s t r u c t u r a l 

anomaly i s that east-west secondary shears accommodated most of 
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SECTION A A' : West Pit 
The orebody is a narrow zone of large, mainly 
south-dipping veins. A few flat and shallow 
northerly-dipping veins occur. The stockwork 
is very limited in extent. Pos t -o re NE f r a c ­
tures are abundant. Orebody is at the 
moxirnum distance from S. Boundary fault. 

S E C T I O N BB' = Central Pit 
A combination of vein trends occur. L a r g e 
EW/45S veins are predominant. Flat to mod­
erate northerly - dipping veins occur. Stockwork 
is well-developed. A large NNE zone of dykes 
occupies the central orebody. 

S E C T I O N C C ' = Southeast Pit 
Strongest vein trend is NE/0 -30°NW. F l a t 
veins are the largest. E W / 5 0 S veins are 
of secondary importance. Stockwork is most 
intensely developed here. Apparent shallow 
south dip oP orebody is due to flat v e i n s . 
South Boundary fault passes close by. 

FIGURE 4-9-1 Schematic sections showing veins ond stockwork. 
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the pre-doming f a u l t movements, and l i t t l e l a t e r a l movement 

occurred along the South Boundary f a u l t ( F i g . 4-8C). This hypo­

t h e s i s a l s o o f f e r s explanations f o r two other s t r u c t u r a l anomalies: 

the l a c k of stockwork at the western end of the orebody and the 

c o n t i n u i t y of east-west veins across the N 20° W f a u l t w i t h no 

apparent o f f s e t . Left-hand movement would have occurred along 

the N 43° E f a u l t and the zone of en echelon east-west shears, 

but not along the South. Boundary f a u l t and the northern part of 

the N 20° W f a u l t ( F i g . 4-8C). East-west shearing, once estab­

l i s h e d , would cut the N 20° W f a u l t , c r e a t i n g the elongate v e i n 

zone i n the western extension (Denak Zone) of the orebody. I f the 

N 20° W f a u l t was not a c t i v e during east-west s h e a r i n g , as was the 

N 43° E f a u l t i n the eastern p i t , then intense l o c a l i z e d f r a c t u r i n g 

would not be generated at the i n t e r s e c t i o n of the two zones. 

Stockwork i n the western p i t i s r e s t r i c t e d to narrow zones of 

sma l l f r a c t u r e s adjacent to l a r g e v e i n s . 

(v) The S t r u c t u r a l L e v e l Model: 

A s t r u c t u r a l model of Endako orebody i n v o l v i n g the concept 

of d i f f e r i n g s t r u c t u r a l l e v e l s has been proposed by Kimura and 

Drummond (1969). The model e x p l a i n s the two s i g n i f i c a n t trends 

of (1) apparent decrease eastward i n the dip of east-west v e i n s , 

and (2) concomitant i n c r e a s e i n f r a c t u r i n g i n t e n s i t y by d e p i c t i n g 

the orebody as an a n t i t h e t i c , south-dipping s t r u c t u r e that has 

r o t a t e d as a u n i t i n the plane of the South Boundary f a u l t . T i l t ­

i n g of the b l o c k by 10 to 20 degrees westward and subsequent 

e r o s i o n would r e v e a l a s t e e p l y - d i p p i n g , r e l a t i v e l y u n fractured 



1 6 2 . 

and s t r u c t u r a l l y "high" western orebody as compared to a g e n t l y -

d i p p i n g , i n t e n s e l y f r a c t u r e d and s t r u c t u r a l l y "low" eastern end. 

The s t r u c t u r a l l e v e l model, although ingenious, e v i d e n t l y i s 

based upon erroneous premises. Southward dips of l a r g e and small . 

east-west v e i n s do not show any systematic decrease from west to 

east. At the western end, l a r g e and s m a l l veins have average 

dips of 48°S and 54°S, r e s p e c t i v e l y . I n the c e n t r a l - e a s t e r n p i t 

v e i n s dip 45°S and i n the south-eastern p i t l a r g e veins dip 48°S 

and s m a l l veins dip 54"S. A minimum depth of economic m i n e r a l i z a ­

t i o n occurs at the eastern end of the orebody, due to a r e l a t i v e 

abundance of shallow-dipping and f l a t v e i n s . Large east-west 

v e i n s p e r s i s t to depth throughout the orebody, at dips ranging 

between 40°S and 60°S. 

The s t r u c t u r a l l e v e l concept i s based mainly upon the premise 

that a n t i t h e t i c f r a c t u r i n g diminishes upward from the i n t e r s e c t i o n 

of p r i n c i p a l a n t i t h e t i c f a u l t s at depth. However, the geometry 

of a domed s t r u c t u r e n e c e s s i t a t e s that the s t r u c t u r a l l y highest 

rocks undergo the g r e a t e s t t e n s i l e s t r e s s , analagous to the s t r e s s 

i n the uppermost beds of a c o n c e n t r i c f o l d . I n any environment, 

t e n s i o n f r a c t u r e s w i l l p r o l i f e r a t e w i t h decreasing c o n f i n i n g pres­

sure at shallower s t r u c t u r a l l e v e l s . The d i s t r i b u t i o n of a n t i ­

t h e t i c f r a c t u r i n g r e l a t i v e to depth at Endako i s s i m i l a r to that 

d i s p l a y e d by a c l a y cake model of a s t r u c t u r a l dome prepared by 

the w r i t e r at Queen's U n i v e r s i t y (Dawson, 1 9 6 7 ) . In the model, 

a n t i t h e t i c f r a c t u r i n g increased i n i n t e n s i t y upward from a m i n i ­

mum adjacent to major a n t i t h e t i c f r a c t u r e s to a maximum at s u r f a c e . 
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The s t r u c t u r a l l e v e l model somewhat s i m p l i s t i c a l l y d e p i c t s 

the whole orebody as an i n t e g r a l a n t i t h e t i c s t r u c t u r e that dips 

southward to meet the South Boundary f a u l t . C o n t i n u i t y of t h i s 

proposed s t r u c t u r a l u n i t i s d i s r u p t e d i n the eastern orebody 

where f l a t and northwestward-dipping v e i n s are of equal or greater 

importance. The model f a i l s to account f o r these a n t i t h e t i c , 

northwestward-dipping veins that have accommodated much of the 

domal movement, but i n s t e a d assumes that most normal displacement 

northward occurred along the South Boundary f a u l t . A s t r u c t u r a l 

dome of the type proposed would be u n r e a l i s t i c a l l y a s s y m e t r i c a l i n 

cross s e c t i o n , c o n s i d e r i n g the numerous south-dipping a n t i t h e t i c 

f r a c t u r e s . The proposed domal s t r u c t u r e i s a l s o a s s y m e t r i c a l i n 

p l a n , as witnessed by the divergence of the western end of the 

orebody from the South Boundary f a u l t , l e a v i n g the i n t e r v e n i n g 

ground r e l a t i v e l y u n fractured ( F i g . 4-9). R o t a t i o n of the proposed 

i n t e g r a l s t r u c t u r e as a u n i t i s u n l i k e l y . A 15 degree r o t a t i o n 

over the 6400-foot length of the orebody would i n c u r a minimum 

v e r t i c a l displacement of 800 f e e t at the ends of the s t r u c t u r e , 

i f p i v o t e d at the centre. The s t r u c t u r a l l y weak orebody could not 

s u s t a i n displacement of t h i s magnitude without e x h i b i t i n g substan­

t i a l normal and reverse f a u l t i n g at the western and eastern 

e x t r e m i t i e s , r e s p e c t i v e l y . Displacement of t h i s sense and magni­

tude i s not observed on the post-ore northeast f a u l t s . 

( v i ) Summary: 

The west-to-east zonation i n stockwork i n t e n s i t y at Endako 

i s best r e l a t e d to v a r i a t i o n i n magnitude and/or frequency of 
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domal movements, r a t h e r than to a concept of s t r u c t u r a l l e v e l . 

Abundance of northwest-dipping a n t i t h e t i c f r a c t u r e s and f l a t -

d i pping r e l e a s e f r a c t u r e s i n the eastern orebody i s contrasted to 

weakly developed stockwork i n the western p i t , grading westward to 

a zone of l a r g e , south-dipping veins i n the Denak Zone. The pre-

f r a c t u r e d eastern orebody was amendable to greater domal movements 

that p r o g r e s s i v e l y diminished westward. Tension f r a c t u r i n g and 

normal f a u l t i n g a l s o diminished westward w i t h the v e r t i c a l move­

ments, u n t i l only l o c a l f r a c t u r i n g was generated adjacent to l a r g e 

v e i n s . 

The Endako orebody i s considered to be a stockwork of dykes, 

v e i n s and f r a c t u r e s l o c a l i z e d e s s e n t i a l l y by one p e r i o d of increase 

and r e l a x a t i o n of compression normal to the west-northwest trend 

of the Topley I n t r u s i o n s . Late f r a c t u r i n g and f a u l t i n g may be 

r e l a t e d to s t r e s s e s generated during the emplacement of younger 

Topley p l u t o n s . The o v e r a l l s t r u c t u r e of the Endako orebody i s 

an i n t e n s e l y - f r a c t u r e d stockwork s i m i l a r to that of t y p i c a l 

porphyry copper deposits of the American southwest where s e v e r a l 

periods of orogenic a c t i v i t y have developed a . r e s t r i c t e d zone of 

repeated f r a c t u r i n g and f a u l t i n g . 
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CHAPTER V 

ENDAKO OREBODY 

A. GENERAL STATEMENT 

Endako orebody occurs e n t i r e l y w i t h i n Endako Quartz Monzonite. In p l a n 

i t has an e l l i p t i c a l shape, measuring 6400 f e e t by 1200 f e e t , and i s elong­

ated i n a N 65° W d i r e c t i o n . Major veins and m i n e r a l i z e d stockwork f o l l o w a 

general east-west trend w i t h shallow to steep southward d i p s . S i x stages of 

f r a c t u r e s and veins are recognized i n the development of the stockwork. 

R e l a t i v e l y uniform stockwork i n the eastern orebody grades westward to a 

l e s s homogeneous d i s t r i b u t i o n of ore values i n l a r g e veins and minor stock-

work i n the western p i t and western extension (Denak Zone). 

Vein mineralogy i s simple, c o n s i s t i n g mainly of combinations of the 

f o l l o w i n g m i n e r a l s : (1) q u a r t z , (2) molybdenite, (3) magnetite, (4) p y r i t e , 

and (5) c h a l c o p y r i t e . B o r n i t e , s p h a l e r i t e , b e r y l and b i s m u t h i n i t e are r a r e . 

Post-ore veins c o n t a i n c a l c i t e , chalcedony and q u a r t z - s p e c u l a r i t e . Secon­

dary minerals i n c l u d e l i m o n i t e , hematite, f e r r i m o l y b d i t e , p o w e l l i t e , pyro-

l u s i t e and malachite. 

S e v e r a l stages of hydrothermal a l t e r a t i o n attend m e t a l l i c m i n e r a l i z a t i o n 

i n the mine, but are more widespread than ore-grade m a t e r i a l . Predominant 

phases e x h i b i t crude zonation p a r a l l e l to the long a x i s of the orebody. 

C h a r a c t e r i s t i c a l t e r a t i o n features of mine rocks are: (1) K - f e l d s p a r -

bearing envelopes, (2) q u a r t z - s e r i c i t e - p y r i t e envelopes, and (3) pervasive 

k a o l i n i z a t i o n . K - f eldspar envelopes e n c l o s i n g quartz-molybdenite veins are 

l a r g e r and more abundant w i t h i n the orebody than are s e r i c i t i c envelopes. 



166. 

P l a g i o c l a s e i n country rock throughout the orebody e x h i b i t s v a r i o u s degrees 

of breakdown to a greenish mixture of k a o l i n i t e and s e r i c i t e . C r o s s - c u t t i n g 

r e l a t i o n s i n d i c a t e a r e l a t i v e age sequence among a l t e r a t i o n assemblages that 

i s i n agreement w i t h a chemical c o n t r o l based on the decreasing a c t i v i t y 

r a t i o of K+/H+. 

The systematic d i s t r i b u t i o n of ore v a l u e s , a l t e r a t i o n zones and minor 

element abundances i n p y r i t e i n d i c a t e temperature as w e l l as chemical con­

t r o l s acted during the m i n e r a l i z a t i o n p e r i o d . F l u i d i n c l u s i o n geothermo-

metry of v e i n quartz from each a l t e r a t i o n environment has e s t a b l i s h e d 

approximate temperatures f o r the assemblages i n accord w i t h published 

experimental data. I n f e r r e d temperature gradients apparently dropped o f f 

s h a r p l y to the n o r t h of a high-temperature a x i s c o i n c i d e n t w i t h the K-

f e l d s p a r zone, and decreased more g r a d u a l l y southward across the orebody. 

Assymetric d i s t r i b u t i o n of temperature gradients was i n f l u e n c e d p r i m a r i l y 

by f r a c t u r e d e n s i t y d i s t r i b u t i o n w i t h r e s u l t a n t p r e f e r e n t i a l southward 

m i g r a t i o n of hydrothermal f l u i d s . 

B. SEQUENCE OF ALTERATION AND MINERALIZATION 

R e l a t i v e ages of veins and a s s o c i a t e d a l t e r a t i o n features have been 

e s t a b l i s h e d from observations of c r o s s - c u t t i n g r e l a t i o n s h i p s i n diamond-

d r i l l core and the open p i t . With the p r o g r e s s i v e development of the Endako 

stockwork, s e v e r a l stages of f r a c t u r e and v e i n development have been super­

imposed one upon the other. Stages 1 to 5 are defined by c h a r a c t e r i s t i c 

v e i n and a l t e r a t i o n m i n e r a l s , w i t h molybdenite o c c u r r i n g i n v e i n s of the 

f i r s t three stages. Stage 6 i s defined by post-ore unmineralized f r a c t u r e s . 

The chronology of m i n e r a l i z a t i o n and a l t e r a t i o n i s based upon v e i n and 
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f r a c t u r e r e l a t i o n s h i p s s i m i l a r to those depicted i n an " i d e a l " hand s p e c i ­

men i n F i g . 5-1. 

Stage 1 veins may c o n t a i n q u a r t z , quartz-molybdenite, and quartz-

magnetite-molybdenite, w i t h or without p y r i t e . Small amounts of b e r y l and 

b i s m u t h i n i t e occur i n veins of t h i s type. Stage 1 veins are enclosed by 

K - f e l d s p a r envelopes that l o c a l l y c o n t a i n b i o t i t e , quartz and/or a l t e r e d 

p l a g i o c l a s e . 

Stage 2 veins c o n t a i n quartz-magnetite, quartz-molybdenite, q u a r t z -

magnetite-molybdenite (with or without p y r i t e and/or c h a l c o p y r i t e ) , and 

q u a r t z - p y r i t e w i t h or without molybdenite and/or magnetite. A l l Stage 2 

v e i n s are enclosed by q u a r t z - s e r i c i t e - p y r i t e envelopes. Introduced K-

f e l d s p a r of Stage 1 envelopes i s replaced by Stage 2 s e r i c i t e at i n t e r s e c ­

t i o n s of the two v e i n types. 

There i s no apparent c o r r e l a t i o n between a s p e c i f i c type of envelope 

and any one combination of v e i n m i n e r a l s . However, i n g e n e r a l , w i t h i n the 

orebody K - f e l d s p a r envelopes are developed more commonly around quartz-

molybdenite v e i n s , and s e r i c i t i c envelopes are developed more commonly 

around quartz-magnetite v e i n s . In the p y r i t e zone that f l a n k s the orebody 

on the south, q u a r t z - s e r i c i t e - p y r i t e envelopes g e n e r a l l y are developed 

around q u a r t z - p y r i t e v e i n s . Envelopes range i n width from a f r a c t i o n of an 

i n c h to 8 inches. Width of an envelope i s not r e l a t e d to v e i n width or 

mineralogy. Some l a r g e v e i n s have narrow envelopes, and v i c e v e r s a . E n v e l ­

ope width appears to be a f u n c t i o n of the time i n t e r v a l the f r a c t u r e was 

open to a l t e r i n g f l u i d s . 



168. 

STAGE ^7) Quartz - molybdenite vein with f^a) K - f e l d s p a r envelope. 

S T A G E ( ? ) Q u a r t z - m a g n e l i t e - m o l y b d e n i t e vein with (2a) q u a r t z - s e r i c i t e -

py r i te e n v e l o p e . 

S T A G E (3) Q u a r t z - m o l y b d e n i t e - p y r i t e vein in (3a) pervasively kaolinized 

quartz m o n z o n i t e . 

STAGE Q u a r t z - p y r i t e vein with b leached h a l o . 

S T A G E C a l c i t e ve in . 

STAGE ( 6 ) L a t e unminera l i zed f a u l t . S C A L E ' F U L L S I Z E 

K M D . I 9 6 8 

F IGURE 5-1 

Sequence of alteration and mineralization. 
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Stage 3 veins are composed of q u a r t z , quartz-molybdenite, q u a r t z -

magnetite, and quartz-molybdenite-magnetite, a l l of which may or may not 

c o n t a i n p y r i t e and/or c h a l c o p y r i t e . Pervasive k a o l i n i z a t i o n of quartz mon­

zo n i t e host rock extends outward from the stockwork of Stage 3 veins and, 

to a l e s s e r extent, outward from K - f e l d s p a r and s e r i c i t e envelopes. Degree 

of k a o l i n i z a t i o n v a r i e s from weak to i n t e n s e , and w i t h i n the orebody the 

commonest a l t e r a t i o n type l i e s between weak and moderate k a o l i n i z a t i o n . 

I n t e n s i t y of k a o l i n i z a t i o n bears no apparent c o r r e l a t i o n w i t h v e i n m i n e r a l ­

ogy-

Q u a r t z - p y r i t e veins t h a t l a c k a l t e r a t i o n envelopes are i n places 

enclosed by narrow bleached halos up to 1/2 i n c h wide, i n which i r o n and 

magnesium have been leached from the w a l l r o c k s . Although of minor abundance, 

these veins are unique i n the sequence of m i n e r a l i z a t i o n hence c o n s t i t u t e 

Stage 4. The veins occur w i t h i n p e r v a s i v e l y k a o l i n i z e d quartz monzonite; 

hence, they may have served as conduits f o r f l u i d s e f f e c t i n g k a o l i n i z a t i o n . 

Small c a l c i t e , chalcedony and q u a r t z - s p e c u l a r i t e veins occupy post-ore 

f r a c t u r e s i n the orebody, and c o n s t i t u t e Stage 5 of v e i n and f r a c t u r e 

development. Post-ore v e i n s may be e i t h e r a t e r m i n a l stage of d e p o s i t i o n 

from ore-bearing f l u i d s , or younger epithermal deposits r e l a t e d to T e r t i a r y 

volcanism. No w a l l r o c k a l t e r a t i o n accompanies these v e i n s . 

Post-ore f a u l t s and f r a c t u r e s represent Stage 6 of stockwork develop­

ment. These l a t e , unmineralized s t r u c t u r e s have a dominant n o r t h and n o r t h ­

east trend, and a minor east-west trend. Northeast-trending post-ore f a u l t s 

o f f s e t major east-west veins w i t h a r i g h t - l a t e r a l sense of movement. Post-

ore movements a l s o occurred along major v e i n d i r e c t i o n s . Stage 6 f r a c t u r e s 

probably were generated by s e v e r a l sources of s t r e s s over a p r o t r a c t e d 
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period (see "Structural Analysis of Orebody"). 

The foregoing sequence of veins, fractures and alteration features is 

summarized in Table 5-1 (after Drummond, 1967, p. 26). 

Table 5-1 

Relative Ages of Vein and Alteration Minerals 

STAGE VEIN MINERALOGY ALTERATION MINERALOGY 

1 Quartz, quartz-molybdenite, quartz- K-feldspar, K-feldspar-
(old- magnetite (+ pyrite, beryl, bismuth- biotite, quartz-K-feldspar-
est) inite.) biotite-plagioclase 

envelopes 

Quartz-magnetite, quartz-molybdenite, Quartz-sericite-pyrite 
quartz-magnetite-molybdenite (+ pyrite, envelopes 
chalcopyrite). 
Quartz-pyrite (+ molybdenite, magnetite) 

Quartz, quartz-molybdenite, quartz- Weak to intense pervasive 
magnetite, quartz-magnetite-molybdenite kaolinization. 
(+ pyrite, chalcopyrite) No envelopes. 

Quartz, quartz-pyrite Bleached halos. Possible 
kaolinization. 
No envelopes. 

Calcite, chalcedony, quartz- No alteration, 
specularite. 

6 Post-mineralization faults and fractures 

(Youngest) 
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C. VEIN MINERALOGY 

Mine r a l s Associated w i t h Molybdenite-bearing Veins 

(a) Molybdenite 

Molybdenite, the commonest m e t a l l i c v e i n m i n e r a l , occurs w i t h 

magnetite, p y r i t e and c h a l c o p y r i t e i n quartz veins of two types: (1) 

l a r g e v e i n s ranging from 6 inches to 5 f e e t wide c o n t a i n i n g laminae of 

f i n e - and coarse-grained molybdenite; and (2) abundant s m a l l v e i n s , 

ranging from h a i r l i n e f r a c t u r e s to s e v e r a l inches wide and c o n s t i t u t i n g 

stockwork m i n e r a l i z a t i o n . 

Large v e i n s g e n e r a l l y are continuous s t r u c t u r e s , t r a c e a b l e f o r 

s e v e r a l hundreds of f e e t along s t r i k e w i t h numerous minor o f f s e t s by 

post-ore f a u l t s . The m a j o r i t y of l a r g e quartz-molybdenite v e i n s are 

of Stage 3 type, i . e . the veins l a c k K-feldspar and s e r i c i t i c e n v e l ­

opes, and w a l l r o c k e x h i b i t s weak to i n t e n s e k a o l i n i z a t i o n . Large 

v e i n s have undergone s e v e r a l periods of r e f r a c t u r i n g and movement 

p a r a l l e l to t h e i r t rends, w i t h accompanying m i n e r a l i z a t i o n . Vein 

s t r u c t u r e s i l l u s t r a t i n g p e r i o d i c reopening, m i n e r a l d e p o s i t i o n and 

movement are l i s t e d below: 

1. Molybdenite shows strong laminar d i s t r i b u t i o n w i t h i n v e i n s . 

Assuming ribbons of molybdenite were deposited along two vein, 

w a l l s during each f r a c t u r e p e r i o d , then l a r g e veins w i t h up to 

30 d i s t i n c t laminae represent at l e a s t 15 periods of reopening 

and m i n e r a l i z a t i o n . Coarser-grained molybdenite laminae g e n e r a l l y 

are younger than f i n e r - g r a i n e d m a t e r i a l , i n d i c a t i n g a decrease i n 

frequency of r e f r a c t u r i n g movements l a t e i n the m i n e r a l i z a t i o n 

p e r i o d . 
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2. Several ages of quartz w i t h i n a s i n g l e v e i n are d i s c e r n i b l e i n 

t h i n - s e c t i o n . C r o s s - c u t t i n g r e l a t i o n s are evident. Younger 

quartz v e i n l e t s are a mosaic of f i n e , u n strained c r y s t a l s whereas 

quartz grains i n o l d e r v e i n l e t s become p r o g r e s s i v e l y more s t r a i n e d , 

f r a c t u r e d and granulated w i t h i n c r e a s i n g r e l a t i v e age ( P l a t e 5-1). 

3. Anastomosing zones of b r e c c i a t e d v e i n m a t e r i a l trend p a r a l l e l and 

s u b p a r a l l e l to v e i n w a l l s . Black mylonite composed e s s e n t i a l l y 

•;> of quartz, molybdenite and p y r i t e i s developed l o c a l l y . M a t r i x 

of v e i n b r e c c i a i s composed of younger v e i n minerals i n c l u d i n g 

q u a r t z , coarse-grained molybdenite, c a l c i t e and chalcedony ( P l a t e 

5-2). 

4. Massive molybdenite s t r i n g e r s commonly serve as planes of shear­

i n g w i t h i n v e i n s , as shown by p o l i s h e d and s l i c k e n s i d e d molybdenite 

s u r f a c e s . 

5. Post-molybdenite minerals occupy l a t e f r a c t u r e s w i t h i n major v e i n s . 

Abundant c r y s t a l l i n e c a l c i t e f i l l s gaping f r a c t u r e s and vugs. 

Banded or massive chalcedony and q u a r t z - s p e c u l a r i t e veins are l e s s 

common. 

Although high-grade ore zones are d e l i m i t e d mainly by l a r g e v e i n s , 

the m a j o r i t y of economic m i n e r a l i z a t i o n c o n s i s t s of stockworks of s m a l l 

quartz-molybdenite v e i n s i n s u f f i c i e n t d ensity to c o n s t i t u t e ore. 

Stockwork v e i n s form zones s e v e r a l tens of f e e t wide surrounding major 

ve i n s i n the western part of the orebody, but are more widespread i n 

the eastern orebody, y i e l d i n g more homogeneous ore v a l u e s . C o n t i n u i t y 

of s m a l l veins i s d i s r u p t e d by numerous o f f s e t s along closely-spaced 
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i n t e r l o c k i n g f r a c t u r e s , both m i n e r a l i z e d and non-mineralized. A s i n g l e 

hand specimen might c o n t a i n s i x or seven ages of veins and f r a c t u r e s . 

Veins of Stage 1 through Stage 3 are molybdenite-bearing, may co n t a i n 

any of magnetite, p y r i t e and c h a l c o p y r i t e , and may be a s s o c i a t e d w i t h 

K - f e l d s p a r , s e r i c i t e or k a o l i n i t e a l t e r a t i o n . Presence of molybdenite 

i n stockwork v e i n s does not c o r r e l a t e p r e f e r e n t i a l l y with, any one stage 

of f r a c t u r e and v e i n development, any d i s t i n c t combination of v e i n 

mineralogy, nor any phase of a l t e r a t i o n . 

Laminated textures i n quartz-molybdenite v e i n s l e s s than one i n c h 

wide are l e s s common than i n l a r g e r v e i n s . Molybdenite occurs as 

f i n e l y - d i v i d e d f l a k e s w i t h i n s m a l l quartz v e i n s , as p a r a l l e l or sub-

p a r a l l e l ribbons m a r g i n a l l y or m e d i a l l y d i s t r i b u t e d i n the v e i n s , or 

as massive v e i n l e t s . Where one or more of the minerals magnetite, 

p y r i t e and c h a l c o p y r i t e c o e x i s t w i t h molybdenite, mutual boundaries are 

i r r e g u l a r or ragged i n d i c a t i n g p e n e t r a t i o n without replacement. Molyb­

d e n i t e e x h i b i t s no t e x t u r a l r e l a t i o n s h i p s w i t h these minor minerals 

i n d i c a t i v e of contemporaneous d e p o s i t i o n , s o l i d s o l u t i o n or r e p l a c e ­

ment. Euhedral to anhedral i n c l u s i o n s of magnetite and p y r i t e i n 

molybdenite are common, but e x s o l u t i o n r e l a t i o n s are absent. 

I n Stage 1 veins (K - f e l d s p a r envelopes) minor amounts of magnetite 

g e n e r a l l y precede molybdenite, and both minerals are veined l o c a l l y by 

p y r i t e . Magnetite i s predominant over molybdenite i n Stage 2 veins 

( q u a r t z - s e r i c i t e - p y r i t e envelopes) w i t h i n the orebody, whereas p y r i t e 

i s more abundant than both magnetite and molybdenite i n the " p y r i t e 

zone" of Stage 2 veins which f l a n k s the orebody on the south. Abundant 

molybdenite a s s o c i a t e d w i t h Stage 3 veins (pervasive k a o l i n i z a t i o n ) 
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P l a t e 5-1 
Several ages of v e i n quartz w i t h i n a s i n g l e quartz-molybdenite v e i n ( S t e l l a 
V ein - Centre Ridge). M a g n i f i c a t i o n 40X. Crossed n i c o l s . 

V 

P l a t e 5-2 
Vein b r e c c i a ; quartz-molybdenite fragments i n a matrix of quartz, c a l c i t e 
and mylonite. From the S t e l l a V e i n . M a g n i f i c a t i o n 40X. Crossed n i c o l s . 
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occurs as successive pulses comprising a p e r i o d that overlaps the 

d e p o s i t i o n a l periods of magnetite, p y r i t e and c h a l c o p y r i t e . Molyb­

denite both cuts and i s cut by a l l three minor minerals i n Stage 3 

v e i n s , but p y r i t e and minor q u a n t i t i e s of c h a l c o p y r i t e tend to be l a t e 

i n the d e p o s i t i o n a l sequence.' P l a t e 5-3 d e p i c t s a 7" laminated q u a r t z -

molybdenite v e i n t y p i c a l of Stage 3. Coarse-grained molybdenite 

laminae f i l l the c e n t r a l p a r t of the v e i n , and laminae of p y r i t e and 

c h a l c o p y r i t e occur near one edge. 

(b) Magnetite 

Magnetite occurs e i t h e r alone or w i t h molybdenite, p y r i t e and 

minor amounts of c h a l c o p y r i t e i n quartz veins of Stage 1 through Stage 

3. L i m i t e d c r o s s - c u t t i n g r e l a t i o n s between Stage 1 q u a r t z , q u a r t z -

magnetite and quartz-molybdenite v e i n s i n d i c a t e magnetite may be the 

e a r l i e s t m e t a l l i c v e i n m i n e r a l ( P l a t e 5-4). However, the d e p o s i t i o n a l 

periods of magnetite and molybdenite overlap throughout Stage 1 to 

Stage 3 of v e i n development, and e i t h e r m i n e r a l may be the e a r l i e r i n 

any one v e i n . Magnetite i s most abundant i n quartz veins l e s s than 

one i n c h wide w i t h q u a r t z - s e r i c i t e - p y r i t e envelopes (Plage 5-5), and 

l e a s t abundant i n major veins and stockwork v e i n l e t s that l a c k a l t e r ­

a t i o n envelopes (Stage 3 ) . Numerous examples of quartz-magnetite or 

quartz-magnetite-molybdenite veins enclosed by q u a r t z - s e r i c i t e - p y r i t e 

envelopes and c u t t i n g K-feldspar-enveloped quartz-molybdenite veins 

have been observed w i t h i n the orebody ( P l a t e 5-6). The v e i n s occur 

w i t h i n p e r v a s i v e l y k a o l i n i z e d quartz monzonite and commonly are cut by 

s m a l l Stage 3 quartz-molybdenite v e i n s . C r o s s - c u t t i n g r e l a t i o n s of 

s e r i c i t e - e n v e l o p e d quartz-magnetite veins have provided important 
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Plate 5-3 
A 7-inch laminated quartz-molybdenite vein typical of Stage 3. Coarse­
grained molybdenite laminae occur in the central vein, and pyrite-chalco-
pyrite laminae at the top edge. Six-inch rulergives scale. 

Plate 5-4 
A Stage 1 quartz-magnetite-molybdenite vein showing magnetite (grey, low 
rel ief ) cut by a quartz-molybdenite veinlet . Magnification 17.5X. 



Plate 5-5 
A one-eighth-inch wide quartz-magnetite vein enclosed by a one-inch wide 
quartz-sericite-pyrite envelope. The Stage 2 vein is cut by a Stage 5 
calcite veinlet. Six-inch ruler gives scale. 

Plate 5-6 
A Stage 1, K-feldspar-enveloped quartz-molybdenite vein is cut by a Stage 
2, quartz-sericite-pyrite-enveloped quartz-magnetite vein and a Stage 5 
calcite veinlet. Ruler gives scale. 
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i n f o r m a t i o n on chronology of a l t e r a t i o n and m i n e r a l i z a t i o n at the mine. 

The presence of magnetite w i t h molybdenite and/or p y r i t e i n a l l 

three stages of molybdenite-bearing veins proves i t to be an i n t e g r a l 

member of the m i n e r a l assemblage. T e x t u r a l r e l a t i o n s between oxide 

(magnetite) and sulphides (molybdenite, p y r i t e ) i n d i c a t i v e of e q u i l i ­

brium c o n d i t i o n s , r e a c t i o n or replacement are absent. Magnetite, l i k e 

molybdenite, e x h i b i t s simple p e n e t r a t i o n textures w i t h a d j o i n i n g 

m i n e r a l s . Since magnetite may precede or f o l l o w d e p o s i t i o n of sulphides 

i n a l l stages of molybdenite-bearing v e i n s , temperature does not appear 

to have been a p r i n c i p a l c o n t r o l l i n g f a c t o r i n magnetite d e p o s i t i o n . 

Changes i n p a r t i a l pressures of sulphur and oxygen, p o s s i b l y a ttending 

r e l a t e d changes i n a l t e r a t i o n chemistry, could c o n t r o l the a l t e r n a t e 

d e p o s i t i o n of oxide and sulphide m i n e r a l s . 

P h y s i c a l p r o p e r t i e s of "magnetite" i n quartz v e i n s vary w i t h 

depth. At or near s u r f a c e , s o - c a l l e d "magnetite" i s mainly earthy 

hematite w i t h a red s t r e a k and weak to negative magnetic s u s c e p t i b i l i t y . 

Specimens give only hematite peaks on X-Ray d i f f r a c t i o n p a t t e r n s . With 

depth, "magnetite" becomes harder, the streak changes to brown or 

brownish-black, and the m i n e r a l i s weakly to s t r o n g l y magnetic. X-Ray 

d i f f r a c t i o n patterns show both magnetic and hematite peaks from these 

specimens. Freshest magnetite at depth i s hard, s t r o n g l y magnetic and 

shows a b l a c k s t r e a k . P o l i s h e d s e c t i o n s taken from the f r e s h e s t 

specimens which show only magnetite peaks on an X-Ray p a t t e r n r e v e a l 

minor amounts of hematite developed along g r a i n boundaries and i r r e g u ­

l a r f r a c t u r e s ( P l a t e 5-7). Edwards (1954, pp. 78-79) notes t h i s tex­

t u r e o r i g i n a t e s from replacement of magnetite by hematite ( m a r t i t i z a t i o n ) 
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P l a t e 5-7 
Hematite lamellae ( l i g h t grey) penetrate and replace magnetite (medium grey). 
Specimen i s taken from d r i l l core 150 f e e t below surface. M a g n i f i c a t i o n 17X. 

P l a t e 5-8 
Fractures i n p y r i t e (white) f i l l e d by molybdenite ( b l a c k ) . Matching v e i n l e t 
w a l l s show that molybdenite has not replaced p y r i t e . M a g n i f i c a t i o n 17X. 
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r a t h e r than from unmixing of a magnetite-hematite s o l i d s o l u t i o n . The 

pr o g r e s s i v e decrease i n hematite r e l a t i v e to magnetite w i t h i n c r e a s i n g 

depth and the t e x t u r e of magnetite-hematite intergrowth i n d i c a t e the 

development of hematite i s a secondary fe a t u r e r e l a t e d to the present 

e r o s i o n a l l e v e l . C i r c u l a t i n g groundwater has o x i d i z e d f e r r o u s i r o n i n 

magnetite to the f e r r i c s t a t e , producing hematite. The development of 

secondary hematite i s observed at depths i n excess of 100 f e e t below the 

l i m i t of l i m o n i t e and f e r r i m o l y b d i t e development on near-surface 

f r a c t u r e s . 

(c) P y r i t e 

P y r i t e occurs i n minor amounts i n a l l stages of molybdenite-bear­

i n g v e i n s . E a r l y quartz-molybdenite and quartz-magnetite v e i n s c o n t a i n 

p y r i t e as c r o s s - c u t t i n g v e i n l e t s or i s o l a t e d g r a i n s and lenses enclosed 

by the p r i n c i p a l v e i n m i n e r a l s . P y r i t e i s most abundant i n s e r i c i t e -

enveloped veins up to one i n c h wide w i t h i n the " p y r i t e zone" f l a n k i n g 

the orebody on the south. These quartz-massive p y r i t e v e i n s c o n t a i n i n g 

minor amounts of molybdenite and/or magnetite form a stockwork i n 

weakly k a o l i n i z e d quartz monzonite that extends southward beyond the 

l i m i t s of economic molybdenite m i n e r a l i z a t i o n . P y r i t e i n correspond­

i n g Stage 2 v e i n s w i t h i n the orebody i s subordinate i n abundance to 

molybdenite and magnetite, and may be a s s o c i a t e d w i t h minor amounts of 

c h a l c o p y r i t e . Major laminated quartz-molybdenite veins commonly con- . 

t a i n minor amounts of p y r i t e e i t h e r as p a r a l l e l laminae synchronous 

w i t h molybdenite d e p o s i t i o n , or as s u b p a r a l l e l ribbons and lenses 

f o l l o w i n g l a t e f r a c t u r e s w i t h i n the v e i n s . Small stockwork v e i n s a l s o 

c o n t a i n p y r i t e i n a s s o c i a t i o n w i t h molybdenite, magnetite and cha l c o ­

p y r i t e . 
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Quartz veins c o n t a i n i n g p y r i t e alone and l a c k i n g a l t e r a t i o n 

envelopes c o n s t i t u t e Stage 4 of v e i n development, the f i n a l p e r i o d of 

sulphide d e p o s i t i o n at the mine. These s m a l l veins that occur w i t h i n 

the orebody and the p y r i t e zone are d i s t i n g u i s h e d on the b a s i s of t h e i r 

c r o s s - c u t t i n g r e l a t i o n s w i t h e a r l i e r p y r i t e - b e a r i n g v e i n s , the l a c k of 

v e i n minerals other than p y r i t e , and the r a r e presence of bleached halos 

r a t h e r than a l t e r a t i o n envelopes surrounding the v e i n s . W i t h i n the 

bleached halos only l e a c h i n g of magnesium and i r o n from k a o l i n i z e d 

quartz monzonite has occurred, whereas a l t e r a t i o n envelopes developed 

elsewhere are i n d i c a t i v e of s i g n i f i c a n t m i n e r a l o g i c a l and t e x t u r a l 

changes i n w a l l r o c k . 

I n the three stages of molybdenite-bearing veins p y r i t e , l i k e 

molybdenite, e x h i b i t s textures i n d i c a t i v e of s e v e r a l periods of depo­

s i t i o n . Early-formed p y r i t e has been sh a t t e r e d by s m a l l movements 

contemporaneous w i t h m i n e r a l i z a t i o n and i s invaded along the network 

of f r a c t u r e s by molybdenite. Matching w a l l s of these v e i n l e t s show 

n e g l i g i b l e replacement of p y r i t e by molybdenite ( P l a t e 5-8). L a t e r 

p y r i t e v e i n l e t s commonly enclose f l a k e s of molybdenite and g r a i n s of 

magnetite ( P l a t e 5-9), and may, i n t u r n , be cut by s m a l l , l a t e - s t a g e 

molybdenite v e i n s . P y r i t e - c h a l c o p y r i t e a s s o c i a t i o n s that g e n e r a l l y 

develop l a t e i n the d e p o s i t i o n a l sequence may a l s o be transected by 

s m a l l molybdenite-bearing v e i n s . 

(d) C h a l c o p y r i t e and B o r n i t e 

Minor amounts of c h a l c o p y r i t e w i t h t r a c e q u a n t i t i e s of a s s o c i a t e d 

b o r n i t e occur w i t h massive p y r i t e i n Stage 3, and l e s s commonly, Stage 

2 veins i n the orebody. C h a l c o p y r i t e i s a s s o c i a t e d w i t h p y r i t e as 



P l a t e 5-9 
Stage 3 quartz-molybdenite-pyrite v e i n where r e l a t i v e l y l a t e p y r i t e ( l i g h t 
grey) encloses molybdenite (black) and quartz (dark grey). M a g n i f i c a t i o n 
17X. 

P l a t e 5-10 
Round i n c l u s i o n s of c h a l c o p y r i t e (grey) i n p y r i t e (white). M a g n i f i c a t i o n 
320X. 
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s m a l l i n c l u s i o n s , i n t e r g r a n u l a r masses and p a r t i a l rims, and r a m i f y i n g 

v e i n l e t s that penetrate l a t e r a l l y from f r a c t u r e s , r e p l a c i n g the host. 

P y r i t e grains w i t h and without a s s o c i a t e d i n t e r g r a n u l a r c h a l c o p y r i t e , 

i n places contain s m a l l round bodies of c h a l c o p y r i t e i n a t e x t u r e 

resembling e x s o l u t i o n ( P l a t e 5-10). 

Since very l i m i t e d isomorphous s o l i d s o l u t i o n e x i s t s between the 

n o n - i s o s t r u c t u r a l minerals p y r i t e and c h a l c o p y r i t e ( M i t c h e l l , 1968), 

and the s i z e of the c h a l c o p y r i t e u n i t c e l l precludes an omission s o l i d 

s o l u t i o n accommodation i n p y r i t e l a t t i c e d e f e c t s , the o r i g i n of chalco­

p y r i t e i n c l u s i o n s and i n t e r g r a n u l a r masses as unmixing products of a 

s o l i d s o l u t i o n w i t h subsequent m i g r a t i o n to g r a i n boundaries of the 

host i s u n l i k e l y . C h a l c o p y r i t e , l i k e g o l d , may be present as admixed 

s o l i d i n c l u s i o n s i n p y r i t e due to contemporaneous d e p o s i t i o n (Hawley, 

1952, p. 267). However, c h a l c o p y r i t e i n c l u s i o n s w i t h no v i s i b l e 

accompanying f r a c t u r e s i n the p y r i t e host may simply represent r e p l a c e ­

ment along concealed ducts. 

The bulk of c h a l c o p y r i t e i s c l e a r l y l a t e r than the p y r i t e i t 

penetrates and r e p l a c e s . Replacement textures range from i r r e g u l a r 

c h a l c o p y r i t e v e i n l e t s c u t t i n g p y r i t e to r e l i c t g r a i n s of e x t e n s i v e l y -

replaced p y r i t e enclosed by massive c h a l c o p y r i t e ( P l a t e 5-11) . Small 

v e i n l e t s of massive c h a l c o p y r i t e c o n t a i n i n g - i n c l u s i o n s of molybdenite, 

p y r i t e and magnetite occupy f r a c t u r e s that t r a n s e c t the e a r l i e r v e i n 

m i n e r a l s . 

Two specimens from western pa r t of orebody c o n t a i n i n g massive 

c h a l c o p y r i t e v e i n l e t s showed minute amounts of a mineral resembling 

b o r n i t e w i t h i n the v e i n l e t s and along adjacent h a i r l i n e f r a c t u r e s . 
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P l a t e 5-12 
Star-shaped e x s o l u t l o n intergrowths of s p h a l e r i t e (dark grey) i n chalcopy­
r i t e ( l i g h t grey). P o l i s h i n g p i t s are b l a c k . M a g n i f i c a t i o n 400X. 
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The amount of mineral a v a i l a b l e was i n s u f f i c i e n t f o r p o s i t i v e i d e n t i ­

f i c a t i o n . L i m i t e d t e x t u r a l evidence i n d i c a t e s the m i n e r a l was depo­

s i t e d contemporaneously w i t h c h a l c o p y r i t e . 

(e) S p h a l e r i t e 

The m a j o r i t y of specimens of c h a l c o p y r i t e examined under the 

r e f l e c t i n g microscope contained e x s o l u t i o n intergrowths of s p h a l e r i t e 

i n the form of s m a l l , star-shaped s k e l e t a l c r y s t a l s ( P l a t e 5-12). 

Edwards (1954, p. 100) notes that c h a l c o p y r i t e - s p h a l e r i t e e x s o l u t i o n 

intergrowths commonly take t h i s form, w i t h s p h a l e r i t e " s t a r s " elong­

ated i n the (111) planes of c h a l c o p y r i t e . The o r i e n t a t i o n of the 

i n t e r g r o w t h i s c o n t r o l l e d by the o r i e n t a t i o n of mutual sulphur planes 

i n the s t r u c t u r e s of the two c r y s t a l s (Gruner, 1929, pp. 231-232). 

Although t e t r a g o n a l , the c r y s t a l s t r u c t u r e of c h a l c o p y r i t e i s c l o s e l y 

r e l a t e d to that of s p h a l e r i t e . The c h a l c o p y r i t e u n i t c e l l (a = 5.24A; 

c = 10.30A) resembles two u n i t c e l l s of s p h a l e r i t e (a = 5.42A) stacked 

one on top of the other, so that the c a x i s i s n e a r l y twice as great 

as the a a x i s . C h a l c o p y r i t e i s s o l u b l e to the extent of about 10% i n 

s p h a l e r i t e at temperatures above 350°C, and s p h a l e r i t e to a somewhat 

l e s s extent i n c h a l c o p y r i t e at higher temperatures (Edwards, 1954, 

p. 100). 

In heating experiments Borchert (1934, pp. 156-157) synthesized 

a s o l i d s o l u t i o n of s p h a l e r i t e i n c h a l c o p y r i t e from which s p h a l e r i t e 

" s t a r s " unmixed below 550°C. The usefulness of t h i s temperature as a 

geothermometer i s questionable s i n c e e q u i l i b r i a between sulphur and 

metals were not s t u d i e d . Recent work on the ternary sulphide systems 

Cu-Fe-S and Fe-Zn-S i s summarized by Barton and Skinner (1967, 
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pp. 295-302), but experimental data are not a v a i l a b l e on the quater­

nary system Cu-Fe-Zn-S. From examination of the ternary systems, i t 

i s apparent that the p a r t i a l pressure of sulphur would a f f e c t the 

p o s i t i o n of the c h a l c o p y r i t e - s p h a l e r i t e s o l v u s . Borchert's tempera­

ture of 550°C may be taken t e n t a t i v e l y as a maximum f o r s p h a l e r i t e -

c h a l c o p y r i t e e x s o l u t i o n . 

( f ) B e r y l B e ^ S i ^ g 

Discovery of an i s o l a t e d occurrence of b e r y l at Endako mine was 

made by s t a f f g e o l o g i s t s i n 1968. The pale b l u i s h - g r e e n m i n e r a l occurs 

i n r a d i a t i n g groups of s l i m hexagonal prisms 15 to 20 mm long and 1 to 

2 mm i n diameter. B e r y l i s intergrown w i t h c o a r s e l y - c r y s t a l l i n e , 

c l e a r q u a rtz, massive pink K - f e l d s p a r and molybdenite i n a 1/2-inch to 

1-inch-wide quartz-molybdenite-pyrite b i s m u t h i n i t e v e i n ( P l a t e 5-13). 

I n t e r s t i c e s between euhedral c r y s t a l s of quartz and b e r y l are f i l l e d 

w i t h hexagonal p l a t e s of molybdenite and massive white quartz. The 

v e i n t r a n s e c t s weakly to moderately k a o l i n i z e d quartz monzonite and i s 

enveloped by K - f e l d s p a r . The specimen was not found i n s i t u hence i t s 

p r e c i s e l o c a t i o n w i t h i n the orebody i s not known. 

B e r y l i s taken as an i n d i c a t o r of r e l a t i v e l y h i g h pressure-temper­

ature c o n d i t i o n s from i t s t y p i c a l occurrence i n g r a n i t e pegmatites and 

g r e i s e n s , accompanied by other minerals of pegmatitic a f f i l i a t i o n . 

F l u i d i n c l u s i o n s t u d i e s on b e r y l from Connecticut pegmatites by 

Cameron, Rowe and Weis (1953, p. 233) y i e l d e d f i l l i n g temperatures 

(uncorrected f o r pressure) up to 400°C. Hydrothermal s y n t h e s i s of 

b e r y l has e s t a b l i s h e d approximate s t a b i l i t y l i m i t s between 400°C under 

400 bars water pressure (Wyart and Scavincar, 1957, p. 395) and 800°C 
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P l a t e 5-13 
R a d i a t i n g green prisms of b e r y l intergrown w i t h q u a r t z , K - f e l d s p a r and 
molybdenite. P y r i t e and b i s m u t h i n i t e occur i n the same v e i n . Ruler gives 
s c a l e . 

P l a t e 5-14 
Intensely k a o l i n i z e d Endako Quartz Monzonite that contains remnants of 
primary pink K - f e l d s p a r . S i x - i n c h r u l e r gives s c a l e . 
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under 2 k i l o b a r s water pressure (Van Valkenberg and Weir, 1957, p. 

1808). At higher temperature and pressure b e r y l decomposes to phena-

k i t e (Be2SiO^), chrysoberyl (BeA^O^) and gl a s s i n the presence of 

water. The occurrence of b e r y l i n K-feldspar-enveloped q u a r t z -

molybdenite veins at Endako i n d i c a t e s high c r y s t a l l i z a t i o n tempera­

tures p r e v a i l e d i n these Stage 1 v e i n s . 

(g) B i s m u t h i n i t e I ^ S ^ 

An i s o l a t e d occurrence of b i s m u t h i n i t e at Endako mine was noted 

from the same v e i n that contains b e r y l , as described p r e v i o u s l y . 

W i t h i n the quar t z - K - f e l d s p a r - m o l y b d e n i t e - p y r i t e v e i n are s e v e r a l f l a t 

or elongated prisms of b i s m u t h i n i t e up to 10 mm long, 2 mm wide and 1 

mm t h i c k , possessing two well-developed d i r e c t i o n s of cleavage, pro­

bably (010) and (100) , and l o n g i t u d i n a l s t r i a e . B i s m u t h i n i t e prisms 

are i n t e r s t i t i a l to c l e a r , euhedral quartz c r y s t a l s , and are enclosed 

by lenses of p y r i t e . B i s m u t h i n i t e , p y r i t e and K- f e l d s p a r are rimmed 

by euhedral hexagonal p l a t e s of molybdenite. Massive white quartz 

accompanied the d e p o s i t i o n of molybdenite, and f i l l e d i n t e r s t i c e s 

between e a r l i e r - c l e a r , euhedral quartz c r y s t a l s . 

B i s m u t h i n i t e i s found t y p i c a l l y i n hydrothermal v e i n s formed at 

r e l a t i v e l y high temperatures, and i n g r a n i t e pegmatites (Palache, 

Berman and Fr o n d e l , 1944, p. 277) . The m i n e r a l assemblage of the 

Endako b i s m u t h i n i t e - b e a r i n g v e i n i s s i m i l a r to pegmatitic m i n e r a l 

a s s o c i a t i o n s i n Connecticut ( I b i d . ) . Coarsely c r y s t a l l i n e textures 

of quartz and molybdenite from the v e i n are uncommon at Endako, and 

reminiscent of pegmatitic molybdenite a s s o c i a t i o n s elsewhere. The 

b e r y l - b i s m u t h i n i t e v e i n apparently represents the e a r l i e s t phase of 
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Stage 1 m i n e r a l d e p o s i t i o n , under: pressure-temperature c o n d i t i o n s 

t r a n s i t i o n a l between pegmatitic and hydrothermal. 

(2) Post-Ore Minerals 

Small c a l c i t e , chalcedony and q u a r t z - s p e c u l a r i t e veins d e f i n e post-

ore f r a c t u r e trends i n the orebody, and a l s o occupy f r a c t u r e s re-opened 

along e a r l i e r v e i n s by post-ore movements. Stage 5 v e i n s are c h a r a c t e r i z e d 

by absence of sulphide minerals and w a l l r o c k a l t e r a t i o n . 

(a) C a l c i t e 

P ale brown to white c a l c i t e , the most abundant post-ore m i n e r a l , 

commonly occurs as e n c r u s t a t i o n s of coarse c r y s t a l s along gaping f r a c ­

tures i n l a r g e quartz-molybdenite v e i n s . C a l c i t e , w i t h minor amounts 

of chalcedony, forms a matrix f o r v e i n b r e c c i a . Small veins of f i n e ­

grained c a l c i t e occur throughout the quartz monzonite host rock and 

t r a n s e c t a l l e a r l i e r v e i n s . M i c r o s c o p i c s t r i n g e r s and blebs of 

carbonate i n a l t e r e d p l a g i o c l a s e may represent a l a t e - s t a g e f i x a t i o n 

of r e s i d u a l lime i n a r g i l l i z e d f e l d s p a r under an increased p a r t i a l 

pressure of carbon d i o x i d e . 

(b) Chalcedony 

Massive b l u i s h - to greenish-grey chalcedony v e i n s up to 1 i n c h 

wide are s p a r s e l y d i s t r i b u t e d throughout the orebody. Banded and 

vuggy grey chalcedony i s subordinate to c a l c i t e i n the m a t r i x of v e i n 

b r e c c i a . The presence of chalcedony w i t h c a l c i t e i n d i c a t e s epithermal 

c o n d i t i o n s p r e v a i l e d during the d e p o s i t i o n of post-ore veins (Lindgren, 

1937, pp. 356-376). 
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(c) Specularite 

Specularite, the least abundant post-ore mineral, occurs with 

quartz i n veinlets up to one-quarter-inch wide. Fine crystalline 

specularite with metallic lustre is distinct texturally from earthy 

hematite secondary after magnetite. Few cross-cutting relations with 

earlier veins were observed, but the continuity of quartz-specularite 

veins across sheared and mineralized zones in kaolinized quartz 

monzonite indicates their relative youth. 

Post-ore veins may range in age from immediately post-mineralization 

(Late Jurassic or Early Cretaceous) to Eocene. The veins may be either a 

terminal stage of deposition from ore-bearing fluids, or younger epithermal 

deposits related to Tertiary volcanism. Structural relations and mineral­

ogy of the veins offer tentative support for the earlier age. Post-ore 

veins are followed by the development of Stage 6 unmineralized fractures, 

the orientation of which indicates a relation to stresses generated by the 

emplacement of Stellako Quartz Monzonite in Early Cretaceous time (see 

"Structural Analysis of Orebody"). The mineralogy of post-ore veins may 

reflect the composition of a residual or terminal-stage ore f l u i d . With 

passage of time and continued cooling and fracturing of the deposit, low 

pressure-temperature epithermal conditions may have prevailed. Lack of 

sulphides i n these veins may be due to a depletion of residual fluids in 

sulphur by earlier precipitation of sulphides. The late appearance of 

oxide and carbonate minerals may represent a concomitant increase in 

partial pressures of oxygen and carbon dioxide. Iron and lime leached from 

wallrock during hydrothermal alteration could be fixed in hematite and 

calcite under these conditions. Alternatively, the marked change in 
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mineralogy from that of e a r l i e r v e i n s , the l a c k of a s s o c i a t e d w a l l r o c k 

a l t e r a t i o n , and the c h a r a c t e r i s t i c a l l y epithermal occurrence of c a l c i t e and 

chalcedony f r a c t u r e - f i l l i n g s i n d i c a t e the post-ore veins may be r e l a t e d 

g e n e t i c a l l y to T e r t i a r y volcanism. Presence of c a l c i t e v e i n l e t s i n p l a g i o ­

c l a s e porphyry and b a s a l t mine dykes of probable Eocene age, and occurrence 

of chalcedonic quartz i n adjacent Endako Group lavas support t h i s view. 

Evidence f o r both hypotheses i s not c o n c l u s i v e , and the two ages of post-

ore v e i n s both may be present. 

(3) Secondary M i n e r a l s 

W i t h i n Endako orebody, development of the secondary minerals l i m o n i t e , 

hematite, f e r r i m o l y b d i t e , p o w e l l i t e , p y r o l u s i t e and malachite i s not 

e x t e n s i v e . The depth of o x i d a t i o n v a r i e s from 1 to 5 f e e t i n g e n e r a l , 

although l i m o n i t e penetrates more deeply along f r a c t u r e s and shear zones. 

Rocks on sout h - f a c i n g slopes and w i t h i n h i g h l y - f r a c t u r e d dyke zones show 

the gr e a t e s t depth of weathering. T h i c k e s t gossans are developed over 

high-grade veins and p y r i t i f e r o u s zones, whereas much of the surface of the 

orebody contains only l i m o n i t e and manganese oxide " p a i n t " along f r a c t u r e s . 

The orebody probably was weathered to greater depths i n p r e - P l e i s t o c e n e 

time, but t h i s gossan has been l a r g e l y s t r i p p e d o f f during g l a c i a t i o n . The 

p r e v a i l i n g c o o l c l i m a t e at Endako i s not conducive to deep weathering, and 

a r e l a t i v e l y impermeable blanket of boulder c l a y has retarded o x i d a t i o n of 

the deposit i n p o s t - g l a c i a l time. 

(a) Limonite 

O x i d a t i o n of p y r i t e at or near surface by a i r - w a t e r processes has 

produced ocherous p u l v e r u l e n t c r u s t s and p e n e t r a t i v e masses. 
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The m a t e r i a l was not s t u d i e d by X-Ray d i f f r a c t i o n so s p e c i f i c 

m i n e r a l phases such as g o e t h i t e , l e p i d o c r o c i t e or hematite could not 

be p o s i t i v e l y i d e n t i f i e d . No c r y s t a l l i n e g o e t h i t e was observed and 

the c h a r a c t e r i s t i c browns and reds of g o e t h i t e and l e p i d o c r o c i t e were 

not seen. The m a t e r i a l i s b e l i e v e d to be predominantly amorphous 

hydrated f e r r i c o x i d e , or l i m o n i t e , p o s s i b l y intermixed w i t h some 

earthy v a r i t i e s of the above m i n e r a l s . 

W i t h i n the zone of o x i d a t i o n , which seldom exceeds f i v e f e e t i n 

t h i c k n e s s , p y r i t e i s replaced completely by massive l i m o n i t e . No 

pseudomorphs of l i m o n i t e a f t e r p y r i t e occur. Molybdenite and s i l i c a t e 

m inerals are coated by l i m o n i t e , but not replaced. Thin c r u s t s and 

f i l m s of f e r r i m o l y b d i t e and p o w e l l i t e occur d i r e c t l y over molybdenite 

i n o x i d i z e d v e i n s . Since molybdenite i s only weakly o x i d i z e d and 

c h a l c o p y r i t e i s present i n very minor amounts, no corresponding zone 

of supergene enrichment u n d e r l i e s the zone of o x i d a t i o n . Limonite 

e x i s t s along f r a c t u r e s to depths of f i f t y f e e t below the present sur­

f a c e , and penetrates l a t e r a l l y from these f r a c t u r e s one to two inches 

i n t o w a l l r o c k . 

Two chemical processes are i n v o l v e d i n the development of limon­

i t e a f t e r p y r i t e . O x i d a t i o n of p y r i t e by ai r - w a t e r y i e l d s f e r r i c 

sulphate and s u l p h u r i c a c i d : 

4FeS 2 + 150 2 + 2H 20 = 2 F e 2 ( S 0 4 > 3 + 2H 2S0 4 (Blanchard, 1968, p. 46). 

Under a c i d c o n d i t i o n s i r o n w i l l be transported as f e r r i c sulphate 

r e s u l t i n g i n l e a c h i n g of p y r i t e and no p r e c i p i t a t i o n of l i m o n i t e . 

Calcium carbonate, c h i e f l y i n the form of bicarbonate, along w i t h 
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weaker n e u t r a l i z i n g agents such as c a l c i c f e l d s p a r w i l l p r e c i p i t a t e 

f e r r i c oxide hydrate ( l i m o n i t e ) from f e r r i c sulphate s o l u t i o n : 

F e 2 ( S 0 4 ) 3 + 3 C a H 2 ( C 0 3 ) 2 = 3CaS0 4 + F e ^ + 3^0 + 6C0 2 ( I b ± d < ^ p_ w ) # 

The shallow depth of o x i d a t i o n and l a c k of extensive development 

of l i m o n i t e at Endako mine may be a t t r i b u t e d to s e v e r a l f a c t o r s . Py­

r i t e i s only abundant l o c a l l y , hence groundwater s o l u t i o n s w i l l be 

weakly a c i d i n general. The moderate n e u t r a l i z i n g e f f e c t of quartz 

monzonite gangue co n t a i n i n g carbonate v e i n l e t s i s apparently s u f f i c i e n t 

to p r e c i p i t a t e the m a j o r i t y of l i m o n i t e i n p l a c e . Although r a i n f a l l 

i s l i g h t , evaporation and o x i d a t i o n of groundwater has been retarded 

by a b o u l d e r - c l a y blanket over most of the d e p o s i t , r e s u l t i n g i n a 

high w a t e r - t a b l e l e v e l . The r e s u l t a n t d i l u t i o n of descending a c i d 

s o l u t i o n s of f e r r i c sulphate reduces the already low c o n c e n t r a t i o n of 

f e r r i c i r o n , i n h i b i t i n g p r e c i p t a t i o n of l i m o n i t e below the w a t e r - t a b l e . 

Where l a r g e f r a c t u r e s permit the r a p i d descent of i r o n - b e a r i n g ground­

water s o l u t i o n s w i t h l e s s d i l u t i o n and n e u t r a l i z a t i o n , l i m o n i t e i s 

p r e c i p i t a t e d at depth. 

(b) Hematite 

The secondary occurrence of earthy hematite a f t e r magnetite was 

described p r e v i o u s l y (see "Magnetite"). Normally magnetite does not 

o x i d i z e r e a d i l y i n q u a r t z - f e l d s p a r gangue unless sulphides are present 

(Blanchard, 1968, p. 164). At Endako, o x i d a t i o n of p y r i t e has produced 

a c i d i c f e r r i c sulphate s o l u t i o n s from which l i m o n i t e i s p r e c i p i t a t e d 

above the w a t e r - t a b l e . Secondary hematite i n the o x i d i z e d zone i s 

replaces subsequently by l i m o n i t e , but l i m o n i t e does not p e r s i s t to 
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depth. The presence of hematite secondary a f t e r magnetite at depths 

of 150 f e e t below the present surface i n an environment devoid of 

l i m o n i t e i n d i c a t e s t h a t d e e p l y - c i r c u l a t i n g a c i d i c groundwater, although 

d i l u t e and low i n oxygen, possessed the c a p a b i l i t y to oxidize magnetite. 

Ferrous i r o n i s d i s s o l v e d from magnetite and o x i d i z e d to i n s o l u b l e 

f e r r i c oxide, or hematite. A r e a c t i o n of the f o l l o w i n g type may occur: 

2Fe~H" + 1/20 + 2H 20 = F e ^ + 4H + (Drummond, 1967, p. 24). 

The i r r e g u l a r development of f i n e g r a i n s of hematite along h a i r ­

l i n e f r a c t u r e s and i n t e r g r a n u l a r boundaries i n magnetite ( P l a t e 5-7) 

i s a t e x t u r e t y p i c a l of m a r t i t i z a t i o n , or o x i d a t i o n of magnetite to 

hematite (Edwards, 1954, pp. 78-79 and P l . 75). The p r o g r e s s i v e 

decrease i n abundance of hematite w i t h depth i n d i c a t e s o x i d a t i o n of 

magnetite i s a supergene process. 

(c) F e r r i m o l y b d i t e F e 2 (MoO^) . 8^0 

At Endako mine, f e r r i m o l y b d i t e occurs as canary-yellow earthy 

coatings and f i b r o u s c r u s t s upon o x i d i z e d molybdenite v e i n s . Approxi­

mately ten percent or l e s s of molybdenite i n the o x i d i z e d zone i s 

o x i d i z e d , and then only to depths of one or two f e e t . No zone of 

supergene molybdenum enrichment u n d e r l i e s the o x i d i z e d zone. Molyb­

de n i t e i s not markedly a f f e c t e d by s u l p h u r i c a c i d or f e r r i c s u l p h a t e , 

t h e r e f o r e i s o x i d i z e d w i t h d i f f i c u l t y under n a t u r a l c o n d i t i o n s and not 

e a s i l y taken i n t o s o l u t i o n to form supergene zones of enrichment 

(Blanchard, 1968, p. 60). An exception i s the l a r g e molybdenite depo­

s i t at Climax, Colorado where optimum c o n d i t i o n s f o r o x i d a t i o n and 

enrichment p r e v a i l , and economic concentrations of supergene molybdenum 

minerals occur. In the o x i d i z e d zone at Climax, molybdenite (Mo0„), 



195. 

an unstable o x i d a t i o n product of molybdenite, u s u a l l y turns to f e r r i -

molybdite ( I b i d . ) . Molybdite apparently i s an intermediate product i n 

the breakdown of molybdenite, being generated by s u l p h u r i c a c i d a t t a c k 

on molybdenite and subsequently o x i d i z e d to f e r r i m o l y b d i t e by r e a c t i o n 

w i t h f e r r i c sulphate. 

(d) P o w e l l i t e Ca(Mo, W)0^ 

P o w e l l i t e accompanies f e r r i m o l y b d i t e and l i m o n i t e as t h i n , powdery 

coatings on o x i d i z e d molybdenite v e i n s . The pale brown to d i r t y white 

m i n e r a l i s not e a s i l y recognized i n hand specimen, but i s r e a d i l y 

i d e n t i f i e d by i t s golden y e l l o w fluorescence i n u l t r a v i o l e t l i g h t . 

P o w e l l i t e , l i k e f e r r i m o l y b d i t e , i s r e s t r i c t e d i n i t s occurrence to the 

upper part of the o x i d i z e d zone. Palache, Berman and Frondel (1951, 

p. 1081) note that p o w e l l i t e , a secondary m i n e r a l formed by the a l t e r ­

a t i o n of molybdenite, i s found f r e q u e n t l y as pseudomorphs a f t e r 

molybdenite,' and a l t e r s to f e r r i m o l y b d i t e . No p o w e l l i t e pseudomorph-

ous a f t e r molybdenite has been found at Endako mine. 

(e) P y r o l u s i t e MnO^ 

P y r o l u s i t e i s a common secondary m i n e r a l throughout the Endako 

area. I n outcroppings of most p l u t o n i c r o c k s , b i o t i t e i s broken down 

by weathering, and manganese that s u b s t i t u t e d f o r fe r r o u s i r o n i n i t s 

s t r u c t u r e i s o x i d i z e d and p r e c i p i t a t e d along f r a c t u r e s . W i t h i n the 

orebody p y r o l u s i t e i s more abundant than elsewhere, probably due to 

l i b e r a t i o n of manganese that s u b s t i t u t e d f o r ferrous i r o n i n hypogene 

magnetite and p y r i t e . L i k e l i m o n i t e , p y r o l u s i t e does not penetrate 

deeply i n t o weathered r o c k s , but i s abundant as t h i n b l a c k f i l m s 

along near-surface f r a c t u r e s . 
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(f) Malachite Cu 2C0 3(OH) 2 

Malachite i s a rare secondary mineral at Endako mine due to low 

abundance of chalcopyrite from which i t i s derived. Thin coatings of 

the green mineral occur i n oxidized chalcopyrite-bearing veins. 

D. ALTERATION MINERALOGY 

A study of hydrothermal alteration at Endako mine was undertaken by 

A.D. Drummond (1966b, 1966d, 1967, 1969), with assistance by E.T. Kimura and 

the author. Object of the study was to define and explain the relationship 

of mineralization to the various phases of alteration, and to establish 

practical exploration guides based on alteration features. Detailed results 

of the studies of alteration s i l i c a t e s in hand specimen, thin-section and 

with the X-Ray diffTactometer appear i n the above reports (Ibid.), and a 

summary of the findings i s given below. 

Identification of fine-grained alteration clay minerals by X-Ray 

analysis without the use of D.T.A. (Differential Thermal Analysis) or heat 

treatment f a c i l i t i e s , is only approximate. The terms "sericite", "kaolinite" 
0 

and "montmorillonite" refer respectively to the presence of a 10A mica 
o o 

group mineral, a 7A kaolinite group mineral, and a 14A montmorillonite-type 

mineral. Where present, montmorillonite was glycolated and verified by a 
o 

shift in the 14A peak. 

Three characteristic hydrothermal alteration phases at Endako mine 

include development of two types of alteration envelopes, i.e. zones of 

introduced silicates enclosing a central vein or fracture, and pervasive 

alteration of the host rock. K-feldspar-bearing envelopes and seri c i t e -
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bearing envelopes are developed around v e i n s of Stages 1 and 2 r e s p e c t i v e l y , 

and quartz monzonite on the outward s i d e s of the envelopes has undergone 

v a r y i n g degrees of pervasive k a o l i n i z a t i o n . 

(1) K-feldspar-Bearing Envelopes 

Hydrothermally-introduced K - f e l d s p a r has p a r t i a l l y or wholly replaced 

o r i g i n a l minerals i n quartz monzonite adjacent to Stage 1 veins ( P l a t e 5-6). 

K - f e l d s p a r envelopes occur i n three forms: (a) envelopes c o n t a i n i n g 

e s s e n t i a l l y K - f e l d s p a r alone, w i t h only t r a c e s of q u a r t z ; (b) envelopes 

c o n t a i n i n g abundant K - f e l d s p a r , w i t h minor amounts of b i o t i t e (up to 10%) 

and quartz (up to 5%); and (c) envelopes c o n t a i n i n g predominant K - f e l d s p a r 

(60% or more), quartz and b i o t i t e i n s i m i l a r amounts as i n non-feldspathized 

rock, and minor amounts of p l a g i o c l a s e . The l a t t e r type of envelope repre­

sents a r e l a t i v e i n c r e a s e i n K - f e l d s p a r at the expense of p l a g i o c l a s e , i . e . 

an i n c r e a s e i n K - f e l d s p a r / t o t a l f e l d s p a r r a t i o over that i n adjacent quartz 

monzonite. Although q u i t e d i s t i n c t , these three megascopic envelope forms 

are i n t e r g r a d a t i o n a l , and probably do not represent separate stages of 

K-feldspar a d d i t i o n . For example, an envelope c o n t a i n i n g 100% K-feldspar 

adjacent to the v e i n may become d i f f u s e towards i t s outward edge and i n c l u d e 

p a r t i a l l y - r e p l a c e d primary s i l i c a t e s . 

Introduced K-feldspar may be r e l i a b l y d i s t i n g u i s h e d from primary 

K - f e l d s p a r only on f i e l d or t e x t u r a l evidence. Hydrothermal K - f e l d s p a r i s 

commonly salmon-pink whereas primary K - f e l d s p a r i s predominantly p a l e r 

f l e s h - p i n k . However, colour i s not a r e l i a b l e guide s i n c e both c o l o u r 

v a r i a t i o n s may occur i n each type of f e l d s p a r . Under hig h m a g n i f i c a t i o n , 

salmon-pink K - f e l d s p a r s are seen to c o n t a i n minute grains of a red m i n e r a l , 

probably hematite. Meyer & Hemley (1967, p. 178) suggest red c o l o u r a t i o n 
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+3 i n hydrothermal K - f e l d s p a r i s due to e x s o l u t i o n , as hematite, of Fe 

i n i t i a l l y present i n aluminum sites.. X-Ray patte r n s of the two colour 

types e l i m i n a t e d the p o s s i b i l i t y of more than one K-feldspar m o d i f i c a t i o n . 

No c o n s i s t e n t o p t i c a l d i f f e r e n c e i s evident between primary and 

introduced K - f e l d s p a r of both salmon-pink and f l e s h - p i n k v a r i e t y . Both 

primary and introduced K - f e l d s p a r commonly are m i c r o p e r t h i t i c . I n general, 

primary K - f e l d s p a r tends toward s l i g h t l y coarser p e r t h i t i c t e x t u r e s , 

whereas introduced K - f e l d s p a r tends to be m i c r o p e r t h i t i c or homogeneous. 

D i f f e r e n c e i n degree of l a t t i c e o r d e r i n g i n primary and secondary K - f e l d ­

spar, r e s u l t i n g from d i f f e r e n c e s i n o r i g i n and c o o l i n g h i s t o r y , was c o n s i ­

dered as a p o s s i b l e cause of v a r i a t i o n i n p e r t h i t e development. A 

comparison of degrees of t r i c l i n i c i t y i n primary and secondary K - f e l d s p a r , 

using an X-Ray d i f f r a c t o m e t e r , showed only the disordered monoclinic 

m o d i f i c a t i o n , o r t h o c l a s e , i n both types. Presence of the coarser "patch" 

and " b r a i d " types of p e r t h i t e l a m e l l a e may i n d i c a t e that a gradation between 

unmixed and replacement types of p e r t h i t e e x i s t s i n primary o r t h o c l a s e 

(Gates, 1953, pp. 55-69), whereas f i n e r " f i l m " or " s t r i n g " p e r t h i t e i n 

secondary o r t h o c l a s e may be of unmixing o r i g i n alone. 

In summary, megascopic d i f f e r e n c e s between primary K - f e l d s p a r i n quartz 

monzonite and hydrothermal K - f e l d s p a r i n w e l l - d e f i n e d envelopes about Stage 

1 v e i n s , provide the only r e l i a b l e b a s i s f o r d i s t i n g u i s h i n g the two types. 

(2) S e r i c i t e - B e a r i n g Envelopes 

Envelopes composed e s s e n t i a l l y of a f i n e - g r a i n e d mixture of q u a r t z , 

s e r i c i t e and p y r i t e are developed around Stage 2 quartz-molybdenite, q u a r t z -

magnetite, quartz-magnetite-molybdenite and q u a r t z - p y r i t e v e i n s . Quartz-
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s e r i c i t e - p y r i t e envelopes are narrower (up to 2 inches wide) and l e s s abun­

dant than K - f e l d s p a r envelopes, but have more sha r p l y - d e f i n e d boundaries 

( P l a t e s 5-5, 5-6). Average composition of t h i s type of envelope i s q u a r t z : 

60-65%, s e r i c i t e : 30-35%, and p y r i t e : 1-5%. No k a o l i n i t e or m o n t m o r i l l o n i t e 

are present. Quartz occurs both as unreplaced primary g r a i n s and a l s o as 

f i n e - g r a i n e d mosaics intergrown w i t h s e r i c i t e , generated by breakdown of 

primary s i l i c a t e s . O r i g i n a l f e l d s p a r s and b i o t i t e have been replaced by 

s e r i c i t e and q u a r t z . I r o n from the breakdown of b i o t i t e has been s u l p h i -

d i z e d to form f i n e l y - d i s s e m i n a t e d p y r i t e . Rarely development of the e n v e l ­

ope i s incomplete, and r e l i c t f e l d s p a r s and b i o t i t e are i n c l u d e d . At 

i n t e r s e c t i o n s of s e r i c i t e - e n v e l o p e d veins and Stage 1 v e i n s , hydrothermal 

K - f e l d s p a r i s replaced by q u a r t z - s e r i c i t e , u s u a l l y accompanied by a necking-

down i n width of the s e r i c i t e envelope across the K-feldspar zone. Quartz 

and m e t a l l i c minerals of the e a r l i e r v e i n are not replaced ( F i g . 5-1 and 

P l a t e 5-6). 

(3) Pervasive K a o l i n i z a t i o n 

K a o l i n i z a t i o n of quartz monzonite has developed outward from K-feldspar 

and s e r i c i t e envelopes, and outward from Stage 3 v e i n s without such e n v e l ­

opes. P l a g i o c l a s e , the most s e n s i t i v e i n d i c a t o r of pervasive a l t e r a t i o n , 

undergoes a p r o g r e s s i v e change from a hard, grey m i n e r a l to a greenish, 

p u l v e r u l e n t mixture of k a o l i n i t e and s e r i c i t e . D i s t i n c t m i n e r a l o g i c a l 

changes permit the c l a s s i f i c a t i o n of three degrees of k a o l i n i z a t i o n ; weak, 

moderate and i n t e n s e . 

(a) Weak K a o l i n i z a t i o n 

S a l i e n t m i n e r a l o g i c a l f e a t u r e s of weakly k a o l i n i z e d quartz 

monzonite are (1) p r e f e r e n t i a l l y - a l t e r e d , greenish cores of p l a g i o c l a s e 
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g r a i n s , and (2) e i t h e r f r e s h or c h l o r i t i z e d b i o t i t e . There i s l i t t l e 

change i n the mineralogy of weakly k a o l i n i z e d quartz monzonite from 

that of f r e s h rock, other than p a r t i a l replacement of p l a g i o c l a s e by 

k a o l i n i t e and s e r i c i t e , and b i o t i t e by c h l o r i t e . The c a l c u l a t e d 

average mode of 25 specimens of f r e s h Endako Quartz Monzonite i s : pink 

p e r t h i t i c o r t h o c l a s e : 4 4 . 5 % , grey zoned o l i g o c l a s e ( A n ^ ) : 2 6 . 3 % , 

q u a r t z : 2 2 . 6 % , brown b i o t i t e : 4 . 6 % , hornblende: 0 . 6 % , accessory 

minerals (magnetite, sphene, a p a t i t e , p y r i t e , z i r c o n ) : 2 . 0 % (Table 

3 - 5 ) . P l a g i o c l a s e g r a i n s g e n e r a l l y show a hard, u n a l t e r e d rim and a 

s o f t , greenish core. X-Ray a n a l y s i s of the core i n d i c a t e s the major 

a l t e r a t i o n product i s k a o l i n i t e , w i t h subordinate s e r i c i t e . Minor 

amounts of a m o n t m o r i l l o n i t e - t y p e c l a y m i n e r a l occur l o c a l l y as small, 

white g r a i n s i n the core which s w e l l n o t i c e a b l y upon exposure to the 

a i r . I n t h i n - s e c t i o n , s m a l l amounts of carbonate and a weakly p l e o -

c h r o i c green m i n e r a l , probably c h l o r i t e , are observed i n a l t e r e d 

p l a g i o c l a s e . Orthoclase i s not attacked at t h i s stage of k a o l i n i z a t i o n . 

(b) Moderate K a o l i n i z a t i o n 

C l a s s i f i c a t i o n of moderately k a o l i n i z e d quartz monzonite i s based 

upon the complete breakdown of p l a g i o c l a s e and the presence of 

unattacked o r t h o c l a s e . E s s e n t i a l and accessory m i n e r a l content i s the 

same as i n weakly k a o l i n i z e d rock. B i o t i t e may be e i t h e r c h l o r i t i z e d 

or secondary, the l a t t e r o c c u r r i n g i n c l u s t e r s and r a d i a t i n g groups of 

f i n e p l a t e s . X-Ray a n a l y s i s shows p l a g i o c l a s e i s completely replaced 

by a p u l v e r u l e n t green or white mass of k a o l i n i t e and s e r i c i t e . No 

mo n t m o r i l l o n i t e i s present i n moderately or i n t e n s e l y a l t e r e d quartz 

monzonite. Minor amounts of carbonate and c h l o r i t e (?) are v i s i b l e i n 

t h i n - s e c t i o n . 
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(c) Intense K a o l i n i z a t i o n 

The s i g n i f i c a n t f e a t u r e of i n t e n s e l y k a o l i n i z e d quartz monzonite 

i s the n o t i c e a b l e replacement of K-f e l d s p a r by k a o l i n i t e and s e r i c i t e . 

Orthoclase may occur as bleached r e l i c t g rains enclosed by white rims 

of k a o l i n i t e and subordinate s e r i c i t e , or as white masses composed 

e n t i r e l y of these secondary m i n e r a l s . O r i g i n a l p l a g i o c l a s e i s rep r e ­

sented by pale green or white masses of k a o l i n i t e and s e r i c i t e . Both 

colour v a r i a t i o n s of a l t e r e d p l a g i o c l a s e y i e l d i d e n t i c a l X-Ray p a t t e r n s , 

but i n t h i n - s e c t i o n a greater development of very f i n e - g r a i n e d second­

ary b i o t i t e i s noted i n white a l t e r e d p l a g i o c l a s e r e l a t i v e to the green 

type. Apparently ferrous i r o n that imparts a green c o l o u r a t i o n to 

k a o l i n i t e , i n one case has been f i x e d i n b i o t i t e i n the other case, and 

consequently c o e x i s t i n g k a o l i n i t e i s white. P l a t e 5-14 d e p i c t s 

i n t e n s e l y k a o l i n i z e d Endako Quartz Monzonite that contains remnants 

of pink K - f e l d s p a r . 

E. ENVIRONMENT OF HYDROTHERMAL ALTERATION 
AND ORE DEPOSITION ^ 

Hydrothermal a l t e r a t i o n i n v o l v e s chemical r e a c t i o n s between c i r c u l a t ­

i n g aqueous s o l u t i o n s and the host rocks of ore bodies. Provided that w a l l 

rock a l t e r a t i o n was simultaneous w i t h ore d e p o s i t i o n , the environment of 

d e p o s i t i o n i s , to a degree, i n t e r p r e t a b l e from assemblages of a l t e r a t i o n 

m i n e r a l s . W a l l rock a l t e r a t i o n and ore d e p o s i t i o n are c o n t r o l l e d by changes 

i n dominant chemical e q u i l i b r i a i n the ore-bearing f l u i d i n response to , 

changes i n temperature, pressure and w a l l r o c k r e a c t i o n (Meyer and Hemley, 

1967, p. 226). E q u i l i b r i u m probably e x i s t s only between the s o l u t i o n and 

the m i n e r a l phase being formed, not w i t h a l l phases present i n the rock. 
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The problem of interpreting equilibrium or non-equilibrium between hydro-

thermal solution and altering rock is simplified by consideration of the 

specific chemical and geological conditions represented by successive stages 

of characteristic alteration mineral assemblages. 

Complex alteration mineral associations common to most orebodies 

generally are composed of several superimposed stages, the recognition of 

which necessitates careful interpretation of geometric c r i t e r i a . The best 

evidence for relative ages of alteration types is derived from intersecting 

patterns of zonally-distributed assemblages, particularly symmetrically-

arranged alteration envelopes adjacent to ore-bearing veins. The scale of 

mineral zonation ranges from regional or d i s t r i c t patterns down to micro­

scopic relations. In order to estimate the chemical environment of ore 

deposition i n light of recent experimental work on st a b i l i t y relations of 

alteration minerals, one must f i r s t recognize .the distinct types of alter­

ation assemblages formed during ore deposition, and interpret the geomet­

r i c a l c r i t e r i a pertaining to their sequence of development. 

(1) Types of Alteration 

General classifications designate alteration mineral assemblages by 

either dominant mineral phases; e.g. s i l i c i f i c a t i o n , s e r icitization, 

chloritization; or common associations such as greisen, skarn and propylite. 

Descriptive classifications of this type are useful but offer l i t t l e i n ­

formation on alteration chemistry. 

Creasey (1966, pp. 55-61) and Burnham (1962, pp. 768-784) classify 

types of alteration i n granodioritic rocks on the basis of coexisting 

mineral pairs plotted on ACF-AKF bulk composition diagrams for specific 
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pressure-temperature ranges. Various e q u i l i b r i u m assemblages may be used 

to define d i f f e r e n t " f a c i e s " of hydrothermal a l t e r a t i o n under a broader 

grouping of " p o t a s s i c " , " a r g i l l i c " and " p r o p y l i t i c " p r i n c i p a l a l t e r a t i o n 

types. Although t h i s f a c i e s concept of hydrothermal a l t e r a t i o n does not 

n e c e s s a r i l y imply that phases form simultaneously i n e q u i l i b r i u m w i t h one 

another, i t does i n v o l v e the assumption that the represented phases r e f l e c t 

adjustment of the whole rock to s t a b l e e q u i l i b r i u m during the p a r t of the 

process i n question. The use of composition or petrographic diagrams does 

not account f o r p e r s i s t e n c e of metastable phases or complex features such 

as z o n a l d i s t r i b u t i o n of a l t e r a t i o n minerals and c r o s s - c u t t i n g a l t e r a t i o n 

envelopes of d i f f e r e n t ages. 

Meyer and Hemley (1967, pp. 170-180) recognized the m i n e r a l o g i c a l 

u n c e r t a i n t y and s t r u c t u r a l complexity of a l t e r e d rock, and concluded that 

the most s i g n i f i c a n t c l a s s i f i c a t i o n of a l t e r a t i o n types i s one that s t r e s s e s 

the nature of the chemical interchange between w a l l rocks and s o l u t i o n . 

From d e t a i l e d g e o l o g i c a l s t u d i e s of a l t e r a t i o n and m i n e r a l i z a t i o n at Butte, 

Montana and r e l a t e d experimental s t u d i e s of s t a b i l i t y r e l a t i o n s between 

various a l t e r a t i o n m i n e r a l s , Meyer and Hemley ( I b i d . ) concluded that the 

most important chemical changes t a k i n g place i n the hydrothermal s o l u t i o n s 

r e l a t e to the H+/0H balance, hence a u s e f u l c l a s s i f i c a t i o n would be one 

that arranges m i n e r a l o g i c a l types of a l t e r a t i o n roughly i n order of 

decreasing hydrogen metasomatism (Table 5-2). 
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Table 5 - 2 

Types of Hydrothermal A l t e r a t i o n 
( a f t e r Meyer and Hemley, 1967) 

A l t e r a t i o n Type P r i n c i p a l M i n e r a l s Associated M i n e r a l s 

(1) advanced 
a r g i l l i c 

(2) s e r i c i t i c 

(3 ) intermediate 
a r g i l l i c 

(4) p r o p y l i t i c 

d i c k i t e , k a o l i n i t e , pyro-
p h y l l i t e , s e r i c i t e , quartz 

s e r i c i t e , q u a r t z , p y r i t e 

k a o l i n i t e - g r o u p and mont-
m o r i l l o n i t e - g r o u p 
m i n e r a l s , amorphous c l a y s 

epidote and c h l o r i t e group 
m i n e r a l s , a l b i t e , carbon­
a t e s , s e r i c i t e , p y r i t e , 
i r o n o x ides, z e o l i t e s , 
m o n t m o r i l l o n i t e 

a l u n i t e , p y r i t e , tourmaline, 
topaz, z u n y i t e , amorphous 
cl a y s 

K - f e l d s p a r , b i o t i t e , topaz, 
z u n y i t e 

K - f e l d s p a r , b i o t i t e , 
s e r i c i t e 

Phases i n c l u d e a l b i t i z a t i o n , 
c h l o r i t i c a l t e r a t i o n , zeo-
l i t i c a l t e r a t i o n , c a r b o n i -
t i z a t i o n 

(5) potassium 
s i l i c a t e 

K - f e l d s p a r , b i o t i t e , s e r i ­
c i t e , i r o n o x ides, 
anhydrite 

s i d e r i t e , a n k e r i t e , c a l c i t e , 
c h l o r i t e 

(6) s i l i c i f i - q u a r t z , o p a l i n e s i l i c a Includes skarn. Grades to 
c a t i o n most other types, over a 

wide range of environment 

The three p r i n c i p a l types of a l t e r a t i o n at Endako mine correspond to 

three d i s t i n c t a l t e r a t i o n types as designated by Meyer and Hemley ( I b i d . ) . 

K - f e l d s p a r - b e a r i n g envelopes w i t h b i o t i t e and quartz represent potassium 

s i l i c a t e a l t e r a t i o n . Q u a r t z - s e r i c i t e ^ p y r i t e - e n v e l o p e s are t y p i c a l of s e r i ­

c i t i c a l t e r a t i o n . Pervasive k a o l i n i z a t i o n w i t h s e r i c i t e and minor amounts 

of m o n t m o r i l l o n i t e represents intermediate a r g i l l i c a l t e r a t i o n . 
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Geometrical Aspects of A l t e r a t i o n 

(a) I n t e r p r e t a t i o n of Age R e l a t i o n s of Z o n a l l y -
D i s t r i b u t e d A l t e r a t i o n Assemblages  

M i n e r a l o g i c a l zoning of w a l l rock a l t e r a t i o n i s i l l u s t r a t e d d i a -

grammatically i n F i g . 5-2. The v e r t i c a l l i n e near the centre of the 

chart symbolizes a v e i n w a l l w i t h a l t e r a t i o n zones extending outward 

to the l e f t . R e l a t i v e widths of K - f e l d s p a r and s e r i c i t e envelopes are 

depicted s c h e m a t i c a l l y along w i t h r e l a t i v e zonal widths of the three 

i n t e n s i t i e s of k a o l i n i z a t i o n . 

I n t e r p r e t a t i o n of r e l a t i v e ages of K - s i l i c a t e and s e r i c i t i c 

a l t e r a t i o n at Endako mine i s s t r a i g h t f o r w a r d . At i n t e r s e c t i o n s of 

veins enveloped by the two assemblages, introduced K - f e l d s p a r i s 

replaced by younger q u a r t z - s e r i c i t e - p y r i t e ( F i g . 5-1 and P l a t e 5-6). 

A change of time i s evident between K - f e l d s p a r and s e r i c i t e stages, 

as w e l l as a change i n the chemistry of a l t e r i n g f l u i d s . 

Age of the a r g i l l i c assemblage r e l a t i v e to K - s i l i c a t e and s e r i c i ­

t i c a l t e r a t i o n i s not as obvious. Both K - f e l d s p a r and q u a r t z - s e r i c i t e -

p y r i t e envelopes encroach upon f r e s h quartz monzonite as w e l l as 

p e r v a s i v e l y k a o l i n i z e d rock. I n t e n s i t y of k a o l i n i z a t i o n adjacent to 

K - f e l d s p a r envelopes r a r e l y exceeds the "weak" stage, whereas weak to 

moderate k a o l i n i z a t i o n p r e v a i l s adjacent to s e r i c i t i c envelopes. A 

c o n c e n t r i c zonal array of a r g i l l i c a l t e r a t i o n around v e i n s and 

envelopes of Stages 1 and 2 i s defined too i n s u f f i c i e n t l y to be r e l a t e d 

anywhere to one v e i n or group of v e i n s . The m a j o r i t y of a r g i l l i c 

a l t e r a t i o n shows no apparent r e l a t i o n to enveloped v e i n s , but occupies 

broad d i f f u s e zones surrounding the stockwork of Stage 3 v e i n s . These 



206. 

veins, like earlier ones, occasionally occur within fresh quartz 

monzonite. Zones of intense kaolinization are more restricted in 

extent than zones of moderate or weak kaolinization, and apparently 

are localized by areas of closely-spaced Stage 3 fractures. 

The ambiguous relationship of a r g i l l i c alteration to enveloped 

veins gives rise to three possible interpretations: 

(1) A r g i l l i c alteration may have formed f i r s t , with K-feldspar and 

s e r i c i t i c envelopes superimposed later. Kaolinized wall rock is 

replaced at outer edges of envelopes. 

(2) A r g i l l i c alteration may have formed contemporaneously with both 

K-feldspar and sericite envelopes. While pervasive a r g i l l i c 

alteration penetrated outward into unaltered rock, i t simul­

taneously receded at i t s veinward edge as K-feldspar or quartz-

sericite-pyrite encroached upon the kaolinized wall'rock. 

(3) K-feldspar and sericite envelopes may have formed before a r g i l l i c 

alteration. Kaolinizing fluids followed Stage 3 fractures as well 

as earlier enveloped veins reopened at a later time, diffusing 

through the envelopes without affecting the earlier K-feldspar 

and sericite. Kaolinite i n this case could be hypogene or super­

gene. 

The early a r g i l l i c alteration hypothesis (1) i s tenuously supported 

by ample evidence of replacement of kaolinized plagioclase by both 

seric i t e and K-feldspar at outer edges of envelopes, and (2) by the >(, 

encroachment of some K-feldspar and sericite envelopes and molybdenum-

bearing veins upon fresh rock, indicating that channelways guiding this 
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q t z , s e r , py 
( u p t o 2 " w i d e ) 

q t z 
mt 
mo 

py 
( c p y ) 

>-
Q 
O 
CE 
UJ 
CC 

o 

STAGE 2 : 
S e r i c i t i c 
A l t e r a t i o n 

F r e s h ] Weak t o m o d . 
q . m . j p e r v . k a o l i n , 

i 

S e r i c i t i c a s s e m b . 
q t z , s e r , py 
( u p t o 2 " w i d e ) 

q t z 
mt 
mo 

py 
( c p y ) 

>-
Q 
O 
CE 
UJ 
CC 

o 

STAGE 2 : 
S e r i c i t i c 
A l t e r a t i o n 

F r e s h q u a r t z 
m o n z o n i t e 

S e r i c i t i c 
a s s e m b l a g e : 
q t z , s e r , py 
( u p t o 1 / 2 " ) 

q t z 

py 
(mo ) 
( m t ) 

* 

M . 
>-

STAGE 2 : 
S e r i c i t i c 
A l t e r a t i o n 

F r e s h i Weak p e r v . 
q . m . ! k a o l i n ' n 

S e r i c i t i c 
a s s e m b l a g e : 
q t z , s e r , py 
( u p t o 1 / 2 " ) 

q t z 

py 
(mo ) 
( m t ) 

* 

M . 
>-

STAGE 2 : 
S e r i c i t i c 
A l t e r a t i o n 

F r e s h q u a r t z m o n z o n i t e q t z 
mo 
mt 

py 
( c p y ) 

. ( s p h ) 

STAGE 3 : 
I n t e r m e d . 
A r g i l l i c 
A l t e r a t i o n 

F r e s h i I n t e n s e p e r v . 
q . m . 1 k a o l i n i z a t i o n 

q t z 
mo 
mt 

py 
( c p y ) 

. ( s p h ) 

STAGE 3 : 
I n t e r m e d . 
A r g i l l i c 
A l t e r a t i o n F r e s h I m o d e r a t e p e r v . 

q . m . i k a o l i n i z a t i o n 

q t z 
mo 
mt 

py 
( c p y ) 

. ( s p h ) 

STAGE 3 : 
I n t e r m e d . 
A r g i l l i c 
A l t e r a t i o n 

F r e s h I Weak p e r v . 
q . m . 1 k a o l i n i z a t i o n 

q t z 
mo 
mt 

py 
( c p y ) 

. ( s p h ) 

STAGE 3 : 
I n t e r m e d . 
A r g i l l i c 
A l t e r a t i o n 

No w a l l r o c k a l t e r a t i o n 
q t z 

py 
c a l 
c h a l 
s p e c 

STAGES 4 
TO 6 

F I G U R E 5 - 2 

M I N E R A L O G I C A L ZONING OF WALL ROCK A L T E R A T I O N AT ENDAKO MINE 

A b b r e v i a t i o n s : 

b e r = b e r y l } b i o t = b i o t i t e ; b i s = b i s m u t h i n i t s j 
c a l = c a l c i t e ; c h a l = c h a l c e d o n y ; c p y = c h a l c o ­
p y r i t e ? K s p a r = K - f e l d s p a r ; mo = m o l y b d e n i t e ; 
mt = m a g n e t i t e ; p e r v = p e r v a s i v e ; py = p y r i t e ; 
q . m . = q u a r t z m o n z o n i t e ; q t z = q u a r t z ; s e r = s e r ­
i c i t e ; s p e c = s p e c u l a r i t e ; s p h = s p h a l e r i t e ; 
( ) s i g n i f i e s m i n o r o r t r a c e . 
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a l t e r a t i o n and m i n e r a l i z a t i o n followed f r a c t u r e s younger than those 

guiding a r g i l l i z i n g f l u i d s . However, evidence f o r replacement of one 

set of minerals by another i s i r r e l e v a n t to the choice between i n t e r ­

p r e t a t i o n s (1) and (2) as to the growth h i s t o r y of the zones. K-

f e l d s p a r may be r e p l a c i n g k a o l i n i t e at the outer edge of the envelope, 

but that does not mean that the e n t i r e zone of K- f e l d s p a r i s l a t e r 

than the e n t i r e zone of k a o l i n i t e , or that K - f e l d s p a t h i z a t i o n i s l a t e r 

than k a o l i n i z a t i o n f o r the m i n e r a l deposit as a whole (Meyer and 

Hemley, 1967, pp. 181-182.) 

Encroachment of enveloped veins upon f r e s h rock i s only permissive 

evidence f o r t h e i r youth r e l a t i v e to pervasive a r g i l l i z a t i o n . Although 

w a l l rock adjacent to most Stage 1 and 2 envelopes apparently i s a r g i l -

l i z e d contemporaneously to some degree, hydrogen metasomatism of w a l l 

rock could be r e s t r i c t e d by thermodynamic and k i n e t i c f a c t o r s . As 

Meyer and Hemley suggest f o r Butte ( I b i d . , p. 203, p. 228), the e a r l y 

K - s i l i c a t e assemblage at Endako presumably was c l o s e r to the magmatic 

stage than were l a t e r a l t e r a t i o n assemblages. Igneous rocks s u s t a i n ­

i n g e a r l y K - f e l d s p a r a l t e r a t i o n probably s t i l l contained s u b s t a n t i a l 

r e s i d u a l heat, and the same s o l u t i o n s that generated K - s i l i c a t e a l t e r ­

a t i o n may have been prevented from accomplishing weak a r g i l l i c 

a l t e r a t i o n outward from K - f e l d s p a r envelopes by rock temperatures above 

the s t a b i l i t y l i m i t s of k a o l i n i t e (Hemley, 1959, pp. 244-246). Only 

weak a r g i l l i c or p r o p y l i t i c a l t e r a t i o n could be e f f e c t e d by these 

f l u i d s under optimum c o n d i t i o n s of c o o l e r , r e a c t i v e country rocks due 

to the low base-leaching c a p a c i t y , i . e . the weak ca p a c i t y f o r hydrogen 

metasomatism, of s o l u t i o n s e f f e c t i n g K - s i l i c a t e a l t e r a t i o n (Meyer and 

Hemley, 1967, p. 209). Wa l l rocks adjacent to K-feldspar-enveloped 
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v e i n s along the north s i d e of Endako orebody show a marked l a c k of 

a r g i l l i c a l t e r a t i o n r e l a t i v e to s i m i l a r w a l l rocks l o c a t e d c e n t r a l l y 

i n the orebody, i n d i c a t i n g a h o t t e r and p o s s i b l y deeper-seated e n v i r o n ­

ment of K - s i l i c a t e a l t e r a t i o n i n the north. 

Wall rock temperatures above the s t a b i l i t y l i m i t of k a o l i n i t e a l s o 

may have retarded a r g i l l i z a t i o n adjacent to some q u a r t z - s e r i c i t e - p y r i t e 

envelopes. However, s e r i c i t i z a t i o n of f e l d s p a r s and b i o t i t e i n v o l v e s 

strong hydrogen metasomatism (Hemley and Jones, 1 9 6 4 , p. 5 4 3 ) , and w a l l 

rocks outside s e r i c i t e envelopes are more l i k e l y to be a r g i l l i z e d 

contemporaneously than those adjacent to K - f e l d s p a r envelopes. F i e l d 

observations confirm the s c a r c i t y of f r e s h w a l l rock and the prevalence 

of weak to moderate k a o l i n i z a t i o n adjacent to q u a r t z - s e r i c i t e - p y r i t e 

envelopes. 

Reaction curves f o r the system K^O-Al^O^-SiO^-H^O a f t e r Hemley 

and Jones ( I b i d . ) are given i n F i g . 5 - 3 . 

Chemical i n s u l a t i o n of the channelway by newly-formed minerals i n 

the envelope could r e s t r i c t r e a c t i o n between w a l l rock minerals and 

hydrothermal s o l u t i o n , although the r e s u l t i n g d i s e q u i l i b r i u m between 

s o l u t i o n and a l t e r i n g rock would i n c r e a s e the r e a c t i v e p o t e n t i a l of 

the r i s i n g s o l u t i o n (Hemley, 1 9 5 9 , p. 2 6 7 ; Hemley and Jones, 1 9 6 4 , p. 

5 6 5 ). The impermeability to hydrothermal s o l u t i o n s of a dense en v e l ­

ope of secondary minerals r e l a t i v e to u n a l t e r e d rock a l s o may be a 

f a c t o r i n r e s t r i c t i n g a r g i l l i z a t i o n outward of enveloped v e i n s . 

Geometric c r i t e r i a favour formation.of at l e a s t part of the 

a r g i l l i c a l t e r a t i o n simultaneously w i t h K - s i l i c a t e and s e r i c i t i c 
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a l t e r a t i o n . Although a r g i l l i c zones are d i f f u s e and l a c k ubiquitous 

c o n c e n t r i c i t y w i t h s e r i c i t e and K - f e l d s p a r envelopes, there e x i s t s a 

d e f i n i t e , i f minor, s p a t i a l r e l a t i o n s h i p between enveloped veins and 

pervasive a l t e r a t i o n . Replacement of k a o l i n i z e d w a l l rock at the outer 

edges of envelopes i n d i r e c t l y favours contemporaneous over e a r l y 

a r g i l l i z a t i o n s i n c e the p o s s i b i l i t y of e a r l y a r g i l l i c a l t e r a t i o n i s 

diminished by abundant geometric evidence f o r l a t e a r g i l l i z a t i o n . The 

simultaneous formation of inner s e r i c i t i c and outer a r g i l l i c a l t e r a t i o n 

envelopes at Butte has been described by Meyer, et a l (1968) , and at 

San Manuel by Creasey (1965). 

The most compelling evidence f o r l a t e a r g i l l i c a l t e r a t i o n , aside 

from chemical c o n s i d e r a t i o n s , i s i t s d i s t r i b u t i o n r e l a t i v e to Stage 3 

v e i n s . In the western part of the orebody, l a r g e quartz-molybdenite 

v e i n s are surrounded by a r e s t r i c t e d stockwork of s m a l l e r molybdenite-

bearing v e i n s . In every case, both the l a r g e v e i n and i t s contiguous 

stockwork are enveloped by a wide zone of a r g i l l i c a l t e r a t i o n w i t h 

d i f f u s e margins. Where l a r g e v e i n s are c l o s e l y spaced, zones of kao­

l i n i z a t i o n coalesce i n t o broad areas of pervasive a l t e r a t i o n . The 

more homogeneous p a t t e r n of Stage 3 f r a c t u r i n g and m i n e r a l i z a t i o n i n 

the eastern orebody i s accompanied by a correspondingly uniform d i s ­

t r i b u t i o n of a r g i l l i c a l t e r a t i o n . 

I n t e n s i t y of a r g i l l i c a l t e r a t i o n i s r e l a t e d to the d e n s i t y of Stage 

3 f r a c t u r i n g . Closely-spaced f r a c t u r e s a d j o i n i n g major f a u l t s and 

v e i n s i n the c e n t r a l and western p a r t s of the orebody probably f a c i l i ­

t a t e d development of intense pervasive k a o l i n i z a t i o n by channeling 

l a r g e r amounts of hydrothermal s o l u t i o n s than penetrated equivalent 
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volumes of rock elsewhere. By comparison, the generally smaller and 

more widely-spaced veins throughout the rest of the orebody are 

accompanied by k a o l i n i z a t i o n of weak to moderate i n t e n s i t y . Fractur­

ing, m i n e r a l i z a t i o n and weak a r g i l l i c a l t e r a t i o n a l l terminate abruptly 

along the northern periphery of the orebody. On the southern side, 

f r a c t u r i n g and m i n e r a l i z a t i o n diminish gradually outward to the l i m i t 

of the p y r i t e zone, and attendant k a o l i n i z a t i o n also diminishes i n 

i n t e n s i t y from moderate to weak. 

Although the d i s t r i b u t i o n and i n t e n s i t y of a r g i l l i c a l t e r a t i o n 

correlates strongly with Stage 3 f r a c t u r e s , such a l t e r a t i o n i s not 

l i k e l y to be e x c l u s i v e l y l a t e . In order to e f f e c t k a o l i n i z a t i o n out­

ward from enveloped veins, l a t e solutions would have to follow r e ­

opened conduits along the veins. Enveloped veins that encroach upon 

unaltered rock would then represent closure of these channels to l a t e 

a r g i l l i z i n g f l u i d s while other adjacent veins were re-opened. Both 

si t u a t i o n s are u n l i k e l y to have occurred. 

Whereas widespread channeling of l a t e a r g i l l i z i n g f l u i d s by r e ­

opened veins i s geometrically improbable, the process i s chemically 

f e a s i b l e . Late solutions could have d i f f u s e d through K-feldspar 

envelopes to k a o l i n i z e p lagioclase i n the w a l l rock without attacking 

K-feldspar. Hemley (1959, pp. 244-246) showed experimentally that, 
where quartz controls the a c t i v i t y of s i l i c a i n s o l u t i o n , k a o l i n i t e 

and K-feldspar should react to form s e r i c i t e . In recent experimental 

studies Fournier (1967b, pp. 218-226) has shown K-feldspar and k a o l i n i t e 

can coexist at 15,000 p s i and less than 250°C, provided that a high 

a c t i v i t y of aqueous s i l i c a , compatible with gelatinous s i l i c a , i s 
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maintained. At Endako, v e i n s enveloped by K - f e l d s p a r are cut l o c a l l y 

by p a r a l l e l or s u b p a r a l l e l quartz-molybdenite v e i n l e t s , i n d i c a t i n g 

l a t e re-opening and m i n e r a l d e p o s i t i o n occurred to some extent along 

these channels. Although these Stage 3 v e i n l e t s probably conducted 

k a o l i n i z i n g f l u i d s , adjacent K - f e l d s p a r i s not attacked. 

Geometric c r i t e r i a favouring l a t e a r g i l l i z a t i o n could a l s o be 

e n l i s t e d i n support of a supergene o r i g i n f o r k a o l i n i t e . Intense 

k a o l i n i z a t i o n i s a s s o c i a t e d w i t h dense Stage 3 f r a c t u r i n g but does not 

show a corresponding s t a t i s t i c a l c o r r e l a t i o n to grade of molybdenite 

m i n e r a l i z a t i o n (Drummond and Kimura, 1969). The i n f e r e n c e i s that 

young supergene f l u i d s descended along re-opened molybdenite-bearing 

veins as w e l l as post-ore f r a c t u r e s , and a l t e r e d w a l l rock f e l d s p a r s 

to k a o l i n i t e . However, a hydrothermal o r i g i n f o r k a o l i n i t e i s favoured 

f o r s e v e r a l reasons. A c i d i c supergene s o l u t i o n s would be expected to 

a t t a c k i r o n - b e a r i n g minerals such as b i o t i t e , magnetite and p y r i t e as 

w e l l as f e l d s p a r s , but these minerals commonly are q u i t e f r e s h where 

c o e x i s t i n g or even intergrown w i t h k a o l i n i t e . K - f e ldspar i s u n l i k e l y 

to c o e x i s t metastably w i t h k a o l i n i t e under the supergene c o n d i t i o n s of 

low pressure, temperature and low aqueous s i l i c a a c t i v i t y . At E l y , 

Nevada Fournier (1967a, p. 69) notes that hypogene k a o l i n i t e has not 

attacked K - f e l d s p a r , i n c o n t r a s t to supergene zones nearby. In the 

foregoing d i s c u s s i o n of secondary minerals at Endako, i t was noted that 

the deposit lacked a supergene weathering p r o f i l e . K a o l i n i t e shows no 

evidence of dying out i n deep d i a m o n d - d r i l l holes 800 f e e t below the 

present s u r f a c e . 
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In summary, the geometrical r e l a t i o n s of zoned a l t e r a t i o n 

assemblages i n d i c a t e some a r g i l l i c a l t e r a t i o n formed contemporaneously 

w i t h p o t a s s i c and s e r i c i t i c a l t e r a t i o n , the f i r s t and second stages, 

r e s p e c t i v e l y , of hydrothermal a l t e r a t i o n . The m a j o r i t y of a r g i l l i c 

a l t e r a t i o n was guided by the widespread stockwork of younger Stage 3 

f r a c t u r e s . M i n e r a l s unstable i n a supergene environment are abundantly 

a s s o c i a t e d w i t h k a o l i n i t e , hence a hypogene o r i g i n of a r g i l l i c a l t e r a ­

t i o n i s favoured. 

(3) Regional D i s t r i b u t i o n of A l t e r a t i o n Features 

G e o l o g i c a l mapping i n the open p i t and logging of d r i l l core permits 

i d e n t i f i c a t i o n of general trends i n a r e a l d i s t r i b u t i o n of s p e c i f i c a l t e r a ­

t i o n f e a t u r e s . P i t mapping i s l e s s u s e f u l i n t h i s respect than d e t a i l e d 

core l o g g i n g due to the i n a b i l i t y of the p i t , g e o l o g i s t to examine c l o s e l y 

a l t e r a t i o n features on the unstable face. Sparse outcrop i n the mine 

v i c i n i t y n e c e s s i t a t e s p r o j e c t i n g d r i l l hole data to su r f a c e . S t a t i s t i c a l 

treatment of a l t e r a t i o n features observed i n d i a m o n d - d r i l l core by Drummond 

(1967) and Dummett (1967) i s u s e f u l i n d e f i n i n g general trends i n d i s t r i ­

b u t i o n of dominant a l t e r a t i o n features w i t h i n and adjacent to the orebody. 

G e o l o g i c a l s e c t i o n s along which d i a m o n d - d r i l l core was re-logged f o r 

a l t e r a t i o n s t u d i e s were used a l s o as c o n t r o l s e c t i o n s along which p y r i t e 

specimens f o r minor element a n a l y s i s were taken from d r i l l core. This 

sampling f a c i l i t a t e d c o r r e l a t i o n between d i s t r i b u t i o n of a l t e r a t i o n minerals 

and minor element abundance i n p y r i t e . 

W i t h i n the Endako stockwork, three elongate overlapping zones of 

a l t e r a t i o n and m i n e r a l i z a t i o n , the K- f e l d s p a r zone, the orebody proper, and 
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the p y r i t e zone f o l l o w p a r a l l e l west-northwest trends from north to south, 

r e s p e c t i v e l y . Zones of dominant a l t e r a t i o n are defined both by the r e l a t i v e 

i n t e n s i t y of a p a r t i c u l a r assemblage and the r e l a t i v e l a c k of other assem­

blages. A l l three p r i n c i p a l a l t e r a t i o n m i n e r a l assemblages occur w i t h 

v a r y i n g abundance throughout the stockwork, from the South Boundary f a u l t 

north to the l i m i t s of stockwork f r a c t u r i n g . A r e a l d i s t r i b u t i o n of a l t e r ­

a t i o n assemblages apparently i s i n f l u e n c e d by the trend of major q u a r t z -

molybdenite v e i n s that s t r i k e west to west-northwest and dip southward, and 

by the d e n s i t y of stockwork f r a c t u r i n g as a whole. The orebody i s l o c a t e d 

roughly i n the centre of an a l t e r e d stockwork three to four times the area 

of economic m i n e r a l i z a t i o n . F i g . 5-4 i s a p l a n view of the d i s t r i b u t i o n 

of dominant a l t e r a t i o n phases i n the Endako mine area. A g e n e r a l i z e d c r o s s -

s e c t i o n A-A ( F i g . 5-5) shows the probable d i s t r i b u t i o n of molybdenite and 

a l t e r a t i o n zones across the orebody and adjacent stockwork. 

Veins enveloped by K - f e l d s p a r are abundant over the northern h a l f of 

the orebody ( F i g . 5-4). As one progresses northward, molybdenite-bearing 

v e i n s d i m i n i s h r a p i d l y i n s i z e and d e n s i t y causing a concomitant decrease 

i n grade of MoS^ as the 0.08% M0S2 i s o p l e t h , marking the ore-waste c u t - o f f , 

i s reached. Small, K-feldspar-enveloped barren quartz, quartz-molybdenite 

and quartz-magnetite veins p e r s i s t w i t h i n weakly k a o l i n i z e d to f r e s h quartz 

monzonite, d e f i n i n g a "K-feldspar zone" about 800 f e e t wide that trends 

p a r a l l e l to the orebody and f l a n k s i t on the north. Veins enveloped by 

K - f e l d s p a r are probably s l i g h t l y l e s s abundant w i t h i n the K-feldspar zone 

than throughout the orebody, but m e t a l l i c v e i n minerals and q u a r t z - s e r i c i t e -

p yrite-enveloped veins are markedly l e s s abundant, and degree of pervasive 

a r g i l l i c a l t e r a t i o n i s weaker than i n the orebody to the south. 



216. 

In p l a n , l i m i t s of the orebody are a r b i t r a r i l y defined by the 0.08% 

MoS^ i s o p l e t h , the economic c u t - o f f between ore and waste. The boundary of 

the orebody, except the western extension under development at present, 

l i e s a short distance i n s i d e the boundary of the u l t i m a t e open p i t , as 

shown i n F i g . 5-4. Average thickness of the orebody, as shown i n c r o s s -

s e c t i o n i n F i g . 5-5, i s about 1000 f e e t over i t s 6000-foot l e n g t h . The 

western extension i s a narrow zone of ore about 5000 f e e t long and averag­

i n g l e s s than 500 f e e t wide. I t f o l l o w s a zone of l a r g e veins extending 

i n a N 60 W trend from the western l i m i t of the u l t i m a t e p i t ( F i g . 5-4). 

The t r a n s i t i o n from K - f e l d s p a r zone to orebody i s marked by a sharp increase 

i n abundance of m e t a l l i c v e i n m i n e r a l s , molybdenite i n p a r t i c u l a r . Quartz-

s e r i c i t e - p y r i t e a l t e r a t i o n envelopes increase i n abundance, notably i n the 

western end of the orebody and along the southern edge, but are num e r i c a l l y 

subordinate to K-feldspar-enveloped veins i n the orebody. Quartz monzonite 

i n the orebody may range from f r e s h to i n t e n s e l y k a o l i n i z e d , w i t h the 

average degree of a r g i l l i c a l t e r a t i o n being weak to moderate. Moderately 

to i n t e n s e l y k a o l i n i z e d rock occupies an elongate, d i f f u s e zone through the 

southern part of the orebody that marks the t r a n s i t i o n from dominant K - f e l d ­

spar a l t e r a t i o n i n the north to s e r i c i t e - p y r i t e i n the south. 

I n t e n s i t y of f r a c t u r i n g and grade of MoS^ d i m i n i s h g r a d u a l l y southward 

away from the orebody, towards the " p y r i t e zone". This zone of r e l a t i v e l y 

abundant p y r i t e f l a n k s the orebody on the south and f o l l o w s along p a r a l l e l 

to the western extension, extending an i n d e f i n i t e d i s t a n c e to the west. The 

p y r i t e zone i s contained w i t h i n an area of dominantly weak a r g i l l i c a l t e r a ­

t i o n about 1500 f e e t wide, roughly twice the width of the p y r i t e zone 

i t s e l f . The p y r i t e - s e r i c i t e zone dies out at the South Boundary f a u l t and 

has not been observed on the north s i d e of the orebody, j u s t as the zone of 
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abundant K-feldspar-enveloped veins i s not seen on the south side of the 

orebody. W i t h i n the p y r i t e zone the abundance of p y r i t e i s not s i g n i f i c a n t l y 

greater than w i t h i n the orebody, except f o r l o c a l c oncentrations. P y r i t e 

i s dominant due t o the r e l a t i v e l y low abundance of molybdenite and magne­

t i t e . S i m i l a r l y q u a r t z - s e r i c i t e - p y r i t e envelopes are only r e l a t i v e l y 

abundant, t h e i r dominance being enhanced by the s c a r c i t y of K-feldspar-

enveloped v e i n s . Q u a r t z - p y r i t e veins enveloped by q u a r t z - s e r i c i t e - p y r i t e 

are r e l a t i v e l y abundant w i t h i n the p y r i t e zone, whereas s e r i c i t i c envelopes 

commonly enclose quartz-magnetite veins i n the orebody. Younger p y r i t e -

bearing veins of Stages 3 and 4 are present but not numerically s i g n i f i c a n t . 

Pervasive a r g i l l i c a l t e r a t i o n grades from g e n e r a l l y weak to moderate kao­

l i n i z a t i o n over the southern edge of the orebody, to predominantly weak 

k a o l i n i z a t i o n over the p y r i t e zone and then to e s s e n t i a l l y u n altered rock 

south of the South Boundary f a u l t . 

Table 5-3 summarizes the g e o l o g i c a l events r e l a t e d to the formation of 

the Endako orebody. 



TABLE 5 - 3 

SUMMARY OF GEOLOGICAL EVENTS AT ENDAKO MINE 

IGNEOUS EVENT 
AND AGE 

STRUCTURAL 
EVENT QTZ. MAG. 

MINERALIZATION 
MO PY CPY SPEC. CAL. CHAL ALTERATION 

T e r t i a r y volcanism; em­
placement of p l a g i o c l a s e 
porphyry and b a s a l t dykes 
(50 + 5 m.y.). 

Minor movements 
p a r a l l e l to dykes. I I Deuteric c h l o r i t e -

c a l c i t e - e p i d o t e 
p r o p y l i t i z a t i o n . 

Emplacement of S t e l l a k o 
p l u t o n (136 + 5 m.y.). 

Emplacement of younger 
Stage I I plutons: Glen­
annan, Casey, F r a n c o i s 
(140-137 ± 5 m.y.). 

Movement on EW and 
NE f a u l t s . 

Post ore f r a c t u r i n g 
and f a u l t i n g (Stage 6) 

I 
? 
! 

Termination of c o o l i n g 
of Endako p l u t o n . 

Hydrothermal a l t e r a t i o n 
and m i n e r a l i z a t i o n 
(140 + 5 m.y.) 

Stage 5 veins 

Stage 4 vei n s 

Stage 3 veins 

Stage 2 veins 

Stage 1 vei n s 

None 

Minor b l e a c h i n g 

Emplacement of a c i d i c Doming, a n t i t h e t i c 
mine dykes (140 + 5 m.y.) stockwork f r a c t u r i n g 

Onset of c o o l i n g and NNE compression,NNE and 
c r y s t a l l i z a t i o n of pluton EW secondary shearing 

Emplacement of Endako 
quartz monzonite 
(141 + 5 m.y.). 

NE,NW and EW r e g i o n a l 
f r a c t u r i n g . 

CD 
u 
•rt 

te
 

ni
 

u ri
 

on
 

•H U a. OJ •o N 4J -o o T-t u S 4J 0) J i-i o 3 u 
u c >i •H o U 
a w-i IS 01 w a 3 
cr Ma

 

Mo
 

Py
 

Ch
 Q. 

02 Ca
 

Ch
 

Weak to inten s e per­
v a s i v e k a o l i n i z a t i o n . 
Q u a r t z - s e r i c i t e - p y r f t e 
_enyel opes._ 
Kspar,Kspar-biot.,qtz-
Kspar-biot.envelopes. 



221. 

CHAPTER VI 

FLUID INCLUSION GEOTHERMOMETRY 

A. INTRODUCTION 

Many porphyry Cu-Mo d e p o s i t s , i n c l u d i n g Endako, show m i n e r a l zoning on 

both a l o c a l and a r e g i o n a l s c a l e . Such zonation commonly i s a t t r i b u t e d to 

thermal gradients extending outward from a "centre" of m i n e r a l i z a t i o n during 

mineral d e p o s i t i o n . 

Temperature i s a major f a c t o r a f f e c t i n g the geometry of a l t e r a t i o n and 

ore d e p o s i t i o n through i t s i n f l u e n c e on s t a b i l i t i e s of m i n e r a l phases i n the 

hydrothermal system. Other, p o s s i b l y e q u a l l y important c o n t r o l s are the 

compositions of hydrothermal f l u i d and a l t e r e d host rock. Pressure a f f e c t s 

m i n eral e q u i l i b r i a , but to a l e s s e r degree than temperature and composition. 

An important p h y s i c a l c o n t r o l of m i n e r a l zonation i s s t r u c t u r a l s e t t i n g , 

i n v o l v i n g changes i n f r a c t u r e d e n s i t y , rock type and p e r m e a b i l i t y over the 

orebody. S t r u c t u r a l c o n t r o l s are evident i n mapping. Chemical c o n t r o l s 

can be p o s t u l a t e d from knowledge of r e l a t i o n s h i p s between observed m i n e r a l 

assemblages. Thermal c o n t r o l s , on the other hand, must be i n f e r r e d from 

such i n d i r e c t evidence as mi n e r a l s t a b i l i t y data unless paleotemperature 

can be measured d i r e c t l y be some a v a i l a b l e geothermometer. 

Ve i n quartz at Endako mine i s amenable to f l u i d i n c l u s i o n thermometry. 

S u i t a b l e quartz forms v e i n s i n the three main stages of m i n e r a l d e p o s i t i o n . 

The presence of sm a l l primary f l u i d i n c l u s i o n s i n a wide range of v e i n 

quartz allows measurement of formation temperatures of the three a l t e r a t i o n 
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zones at Endako mine. 

An independent method of paleotemperature determination w i l l , w i t h i n 

the l i m i t a t i o n s of the method used, e s t a b l i s h both the thermal environment 

of m i n e r a l zonation and w i l l give some i n d i c a t i o n or l i m i t s to temperature 

of d e p o s i t i o n of those minerals a s s o c i a t e d w i t h the s p e c i f i c minerals used. 

In the preceding chapter the nature, geometry and d i s t r i b u t i o n of a l t e r a ­

t i o n assemblages at Endako were described. Drummond and Kimura (1969) 

compared experimentally e s t a b l i s h e d c r i t e r i a i n the system ^O-A^Og-SiC^-

H^O w i t h our observed a l t e r a t i o n phenomena, but only approximate tempera­

ture ranges of the three a l t e r a t i o n assemblages can be derived from the 

broad s t a b i l i t y f i e l d s depicted by Hemley (1959) (see F i g . 5-3). 

F i l l i n g temperatures of quartz a s s o c i a t e d w i t h the three a l t e r a t i o n 

assemblages might support hypotheses on a l t e r a t i o n genesis based upon 

m i n e r a l o g i c a l .and geometrical c r i t e r i a . I d e a l l y , the formation temperatures 

of the a l t e r a t i o n assemblages should f a l l w i t h i n Hemley's experimentally 

e x t a b l i s h e d s t a b i l i t y f i e l d s . The predominance of an a l t e r a t i o n assemblage 

w i t h i n an a l t e r a t i o n "zone" permits e x t r a p o l a t i o n from the s p e c i f i c temper­

ature f o r that assemblage to a general temperature f o r i t s r e l a t e d zone. 

B. FLUID INCLUSIONS 

Primary f l u i d i n c l u s i o n s are sm a l l p o r t i o n s of the f l u i d medium i n 

which the host c r y s t a l grew. I n c l u s i o n s are trapped by growth i r r e g u l a r i ­

t i e s of many s o r t s i n the growing c r y s t a l . Water vapour bubbles i n the 

i n c l u s i o n s serve as geol o g i c thermometers. The bubbles form as a r e s u l t of 

the o r i g i n a l l y homogeneous f l u i d c o n t r a c t i n g more than the mi n e r a l host on 

c o o l i n g . As pressure i n t h e : i n c l u s i o n drops below the t o t a l vapour 
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pressure of the multicomponent f l u i d at that temperature and at e q u i l i b r i u m , 

a bubble w i l l appear and w i l l increase i n s i z e as the temperature drops. 

Sorby (1858) was the f i r s t to suggest that t h i s process could be 

reversed; that i s , simple heating of an i n c l u s i o n w i l l cause the bubble t o 

g r a d u a l l y decrease i n s i z e , e v e n t u a l l y disappearing at what i s known as the 

" f i l l i n g temperature". Any r e v e r s i b l e phase change that occurs on c o o l i n g 

an o r i g i n a l l y homogenous f l u i d , such as appearance of a gas phase, p r e c i p i ­

t a t i o n of minerals from the f l u i d and s p l i t t i n g i n t o immiscible f l u i d s , may 

serve as a geologic thermometer. 

The temperature at which a bubble i n an i n c l u s i o n vanishes may be 

taken as the t r a p p i n g temperature only i f the l i q u i d was at i t s b o i l i n g 

p o i n t when trapped. The s l i g h t e s t shrinkage would then produce water vapour. 

I f the l i q u i d was under more than s u f f i c i e n t pressure t o prevent i t s b o i l ­

i n g , i t would have to cool enough to r e l i e v e the excess pressure before i t 

could begin to s h r i n k and form vapour. A c c o r d i n g l y , the " f i l l i n g tempera­

t u r e " derived from warming the i n c l u s i o n would be lower than the t r a p p i n g 

temperature (Roedder, 1962a). I f pressure on the f l u i d can be estimated 

from g e o l o g i c a l f i e l d data on the depth of cover, the measure homogenization 

temperature can be correc t e d f o r pressure to y i e l d the trapping or forma­

t i o n temperature. 

In order to c o r r e c t f o r pressure one must have some knowledge of the 

composition of the f l u i d , s ince a change i n s a l i n i t y s i g n i f i c a n t l y changes 

the b o i l i n g curve (Roedder, 1967). The composition of f l u i d s i n i n c l u s i o n s 

has been analyzed by Roedder (1958) using microchemical techniques. Most 

f l u i d s i n nature were found to be b r i n e s . Highly s a l i n e f l u i d s do not 

behave l i k e pure water at elevated temperature and pressure. Compared to 
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pure water, b r i n e s have a higher temperature two-phase f i e l d , a lower 

vapour pressure, and a v a r i a b l e c o m p r e s s i b i l i t y that n e c e s s i t a t e s e i t h e r a 

greater or a l e s s e r pressure c o r r e c t i o n than f o r pure water. Roedder's 

st u d i e s demonstrate that NaCl i s the major s a l t i n i n c l u s i o n f l u i d s , w i t h 
-2 -2 

l e s s e r amounts of Ca, K,, Mg, SO^ , . CO^ and HCO^ . Only traces of other 

elements are found. 

In order to determine a c c u r a t e l y the s a l i n i t y of an i n c l u s i o n f l u i d , 

the depression of the f r e e z i n g p o i n t of the f l u i d may be observed on a 

f r e e z i n g stage. Roedder (1963) has noted the appearance of c r y s t a l l i n e 

phases other than i c e (NaC1.2H 20; 8C0 2 >46H 20, etc.) on f r e e z i n g , that a s s i s t 

i n the i d e n t i f i c a t i o n of d i f f e r e n t f l u i d s and gases i n the i n c l u s i o n s . 

Another method of es t i m a t i n g the s a l t c o n c e n t r a t i o n i s p o s s i b l e i f NaCl 

daughter c r y s t a l s occur i n the f l u i d i n c l u s i o n . H a l i t e , the commonest 

daughter c r y s t a l m i n e r a l , i s recognized by i t s cubic form, i s o t r o p i s m and 

increase i n s o l u b i l i t y w i t h temperature. An estimate of s a l i n i t y may be made 

from volume estimates of f l u i d , bubble and daughter c r y s t a l , and a l s o from 

the temperature of s o l u t i o n of the h a l i t e c r y s t a l . Presence of h a l i t e 

daughter c r y s t a l s i n d i c a t e s the i n c l u s i o n f l u i d i s s a t u r a t e d (Creasey, 1966, 

P. 54). 

C. METHOD OF STUDYING FLUID INCLUSIONS 

(1) S u i t a b l e specimens f o r study must f i r s t be found. The c l e a r e s t quartz 

should be s e l e c t e d to f a c i l i t a t e o b s e rvation of i n c l u s i o n s . Crushed grains 

can be examined under a high-power b i n o c u l a r microscope to a i d i n s e l e c t i o n 

of specimens w i t h the l a r g e s t and most abundant f l u i d i n c l u s i o n s . S e v e r a l 

t h i n , doubly-polished p l a t e s were prepared from each s e l e c t e d specimen. 
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Endako quartz specimens s e l e c t e d f o r study were almost e n t i r e l y of the 

m i l k y v a r i e t y due to the general absence of c l e a r c r y s t a l s . Doubly-

p o l i s h e d p l a t e s were cut to a s m a l l s i z e (10 mm square) to f i t the heating 

stage, and ground to about 0.5 mm t h i c k n e s s f o r the sake of o p t i c a l c l a r i t y . 

(2) F l u i d i n c l u s i o n s were examined c a r e f u l l y to determine t h e i r o r i g i n , i f 

p o s s i b l e . Conclusive evidence on primary v s . secondary o r i g i n i s r a r e . 

Secondary i n c l u s i o n s o r i g i n a t e by the trapping of l a t e f l u i d s i n rehealed 

cracks i n the c r y s t a l at some time l a t e r than i n i t i a l growth. Pseudosecon-

dary i n c l u s i o n s are trapped, by subsequent zonal c r y s t a l growth, i n cracks 

that penetrate a growing c r y s t a l . 

Roedder (1967) c i t e s the f o l l o w i n g c r i t e r i a of o r i g i n : 

(a) primary o r i g i n i s supported but not proven by r e l a t i v e l y l a r g e 

i n c l u s i o n s i z e , negative c r y s t a l shape, r e l a t i o n to c r y s t a l 

growth zones and s i m i l a r f i l l i n g r a t i o s ; 

(b) secondary i n c l u s i o n s commonly are o r i e n t e d along planes that cut 

across c r y s t a l growth zones, and o f t e n show d i f f e r e n t f i l l i n g 

r a t i o s ; 

(c) pseudosecondary i n c l u s i o n s a l s o are l o c a t e d along planes that cut 

c r y s t a l growth zones, but these planes terminate at a face. 

In the study of f l u i d i n c l u s i o n s , determining t h e i r o r i g i n i s the 

greatest source of ambiguity. Recognition of the two main types i s essen­

t i a l to f l u i d i n c l u s i o n thermometry. Roedder (1971) has described a new 

technique f o r determining o r i g i n i n v o l v i n g a hot w i r e probe. The bubble i n 

a primary i n c l u s i o n moves away from the probe, i . e . down a thermal g r a d i e n t , 
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whereas the opposite e f f e c t i s seen i n secondary i n c l u s i o n s . 

(3) The f o l l o w i n g o b s e r v a t i o n s , e s s e n t i a l i n the e s t i m a t i o n of s a l i n i t y 

and pressure c o r r e c t i o n s , are recorded p r i o r to heating the specimen: 

(a) the s i z e and shape of i n c l u s i o n s , 

(b) estimate of degree of f i l l i n g of s e l e c t e d i n c l u s i o n and those 

adjacent to i t , 

(c) note a l l phases present and estimate the volume % of each, and 

(d) i d e n t i f y o p t i c a l l y the daughter c r y s t a l s and s o l i d i n c l u s i o n s . 

Endako f l u i d i n c l u s i o n s are very s m a l l , as i s commonly the case i n 

hydrothermal v e i n quartz. F l u i d i n c l u s i o n diameter averages 5 microns. 

The shapes of the 12 f l u i d i n c l u s i o n s s e l e c t e d f o r heating runs i n c l u d e 7 

negative c r y s t a l c a v i t i e s , 4 o v a l to s p h e r i c a l shapes and 1 i r r e g u l a r shape. 

Average degree of f i l l i n g i s 75 + 10%. Seven of twelve i n c l u s i o n s are 

three-phase, i . e . s a l i n e water-water vapour-NaCl daughter c r y s t a l . No 

other phases were detected. Daughter c r y s t a l s occupy 8 to 10 volume % of 

the i n c l u s i o n s . 

These observed p r o p e r t i e s of Endako f l u i d i n c l u s i o n s are l i s t e d i n 

Table 6-1. Photomicrographs of quartz specimens K-2, 103-425, 63 and 72 

are given i n P l a t e s 6-1 to 6-4 r e s p e c t i v e l y . 

(4) In h e a t i n g the quartz p l a t e s , temperature must be r a i s e d s l o w l y and 

w i t h frequent pauses to prevent over-runs and to a l l o w the heating element 

and specimen to e q u i l i b r a t e . . 
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P l a t e 6-2 
Quartz specimen 103-425: a s e r i c i t e - e n v e l o p e d quartz v e i n . The f l u i d 
i n c l u s i o n i s primary, has a negative c r y s t a l shape and contains a h a l i t e 
daughter c r y s t a l . M a g n i f i c a t i o n 625X. 
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Plate 6-3 
Quartz specimen 63: a quartz vein from pervasively kaolinized quartz mon­
zonite. The inclusion shape i s partly faceted, partly oval. The inclusion 
contains a small halite daughter crystal. Magnification 625X. 

Plate 6-4 
Quartz specimen 72: a quartz vein from pervasively kaolinized quartz mon­
zonite. Inclusion shapes vary from negative crystals to irregular. 
Magnification 625X. 
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If the bubble disappears while others remain, i f the e n t i r e f l u i d 

i n c l u s i o n disappears, and/or the i n c l u s i o n homogenizes at an anomalously 

low temperature, the f l u i d i n c l u s i o n i s secondary. Release of secondary 

f l u i d i n c l u s i o n s i s accompanied by small decrepitations and movements of 

the specimen. 

The phases i n the i n c l u s i o n were observed c l o s e l y f o r changes during 

heating. I f the bubble occupies le s s than 50% of the space, i t w i l l pro­

g r e s s i v e l y shrink and ult i m a t e l y disappear at the homogenization tempera­

ture. H a l i t e daughter c r y s t a l s may dissol v e at a temperature lower than 

the homogenization point. The index of r e f r a c t i o n of the i n c l u s i o n f l u i d 

changes upon heating, often becoming semi-opaque. 

When homogenization had been observed, the i n c l u s i o n was cooled slowly 

and the temperature of reappearance of the bubble i s noted. The run was 

repeated at l e a s t twice to minimize error . 

Endako specimens were heated on a Unitron M500 heating stage mounted 

on a L e i t z p o l a r i z i n g microscope with long f o c a l length objective. Current 

to the heating element was c o n t r o l l e d by a rheostat, and temperature was 

recorded by a thermocouple linked to a chart recorder. The unit was c a l i ­

brated with temperature-sensitive marking crayons. The maximum temperature 

obtainable with the heating element i s 500°C, and maximum instrumental 

error at that temperature i s estimated to be + 25°C. About one-half of the 

Endako f l u i d i n c l u s i o n s homogenized i n the temperature range 450° - 500°+ , 

n e c e s s i t a t i n g some estimation and extrapolation i n the 500-degree range. 

The depression of the f l u i d freezing point i s a function of the con­

centration of s a l t . Roedder (1963) freezes the i n c l u s i o n s o l i d on a 
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P r o p e r t i e s of Endako F l u i d I n c l u s i o n s 

Phase 1 Phase 2 Phase 3 
No. P l a t e A l t e r a t i o n Type V o l . % V o l . % V o l . % 

62 Ksp. o v a l f l u i d gas 30 
70 

58 Ksp. neg. x l . f l u i d gas 30 h a l i t e 
60 10 

K-2 Ksp. o v a l f l u i d gas 20 h a l i t e 
P l a t e 6-1 72 8 

9 Ksp. neg. x l . f l u i d gas 30 h a l i t e 
60 10 

43-297 Ser. neg. x l . f l u i d gas 20 — 

80 

103-425 Ser. neg. x l . f l u i d gas 30 — 

P l a t e 6-2 70 

63 K a o l . o v a l f l u i d gas 20 h a l i t e 
P l a t e 6-3 70 10 

83 K a o l . o v a l f l u i d gas 30 h a l i t e 
62 8 

72 K a o l . i r r e g . f l u i d gas 20 h a l i t e 
p l a t e 6-4 72 8 

24 K a o l . neg. x l . f l u i d gas 30 h a l i t e 
62 8 
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s p e c i a l stage then observes the appearance of a l i q u i d phase on gradual 

warming. The temperature at which the l a s t i c e c r y s t a l melts i s the f r e e z ­

i n g temperature. Attempts were made to freeze Endako specimens by e n c l o s i n g 

a microscope w i t h i n a r e f r i g e r a t e d tank, l e a v i n g only the eyepiece and 

remote focusing c o n t r o l s exposed. This makeshift apparatus proved unsuc­

c e s s f u l mainly due to s t i c k i n g of microscope gears at low temperatures, 

and f r o s t i n g of the eyepiece. Consequently, s a l i n i t y of f l u i d i n c l u s i o n s 

was estimated from observed percentages of phases. 

C a l c u l a t i o n of the approximate apparent weight percent NaCl i n f l u i d 

i n c l u s i o n s i s s t r a i g h t f o r w a r d . The f l u i d i s assumed to be a satura t e d NaCl 

s o l u t i o n , due to the presence of h a l i t e daughter c r y s t a l s i n 7 of 12 i n c l u ­

sions t e s t e d . At room temperature satura t e d water contains 26.3 wt. % NaCl. 

H a l i t e has a s p e c i f i c g r a v i t y of 2.16. T o t a l s a l i n i t y i s given by: 

[ ( V o l . % f l u i d ) x 0.263] + [ ( V o l . % h a l i t e ) x 2.16] = t o t a l wt. % N a c l . 

The temperature at which the NaCl c r y s t a l d i s s o l v e s i n the saturated 

s a l i n e s o l u t i o n i s a f u n c t i o n of the pressure on the ^O-NaCl system and 

the degree of f i l l i n g of the i n c l u s i o n . Therefore, by observing degree of 

f i l l i n g and NaCl s o l u t i o n temperature, one should be able to o b t a i n the 

pressure of formation from the experimental data of Lemmlein and K l e v t s o v 

(1961), K e e v i l (1942) and S o u r i r a j a n and Kennedy (1962). However, consider­

able e r r o r i s p o s s i b l e because both wt. % NaCl and degree of f i l l i n g are 

de r i v e d from the estimated volume % of phases. The H^O-NaCl homogenization 

temperature i s s e n s i t i v e to s m a l l changes i n degree of f i l l i n g . 

At the r e l a t i v e l y h i g h s a l i n i t i e s c a l c u l a t e d f o r Endako f l u i d i n c l u ­

s i o n s , the homogenization temperatures of the corresponding HO-NaCl system 
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approach and even exceed the recorded i n c l u s i o n homogenization temperatures. 

The disappearance of the c r y s t a l phase on heating was observed i n only one 

specimen, K-2, and i t s p r e c i s e temperature was d i f f i c u l t to a s c e r t a i n . The 

index of r e f r a c t i o n of the saturated s o l u t i o n and the h a l i t e c r y s t a l are 

s i m i l a r , and the f l u i d i n the i n c l u s i o n becomes semi-opaque at elevated 

temperature. The H^O-NaCl system i n specimen K-2 homogenized between 400 

and 450°C, and the vapour phase disappeared at 477°C. 

Pressure C o r r e c t i o n s 

The homogenization temperature of a f l u i d i n c l u s i o n , even i f i t s com­

p o s i t i o n i s known, cannot give both the temperature and pressure of forma­

t i o n . However, i f e i t h e r i s known, the other may be obtained. U s u a l l y 

pressure i s estimated from f i e l d evidence plus an assumption that formation 

pressure equals e i t h e r l i t h o s t a t i c or h y d r o s t a t i c l o a d . The estimated 

pressure i s then used to c a l c u l a t e a pressure c o r r e c t i o n f o r the homogeni­

z a t i o n temperature. 

Deposits that y i e l d homogenization temperatures i n the range of 500°C 

such as pegmatitic d e p o s i t s , contact metamorphic deposits and some hydro-

thermal v e i n deposits i n d i c a t e not only a high temperature and hence high 

pressure of formation, but a l s o i n d i c a t e a very high c o n c e n t r a t i o n of s a l t s 

i n the i n c l u s i o n s to permit the existence of a two-phase ( l i q u i d + gas) 

system f a r above the c r i t i c a l temperature f o r pure water (Roedder, 1967, 

p. 564). 

The composition of the f l u i d , as pointed out by Roedder ( I b i d . ) , can 

give d i r e c t i n f o r m a t i o n on the formation pressure. The vapour pressure of 

the ^O-NaCl system i n v o l v e d , at the homogenization temperature, e s t a b l i s h e s 

a minimum formation pressure. The Endako data on composition and 
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homogenization temperatures may be used i n conjunction w i t h the P-X data 

of S o u r i r a j a n and Kennedy (1962, F i g . 13) on the H 20-NaCl system to estab­

l i s h minimum formation pressure. As depicted i n F i g . 6-1, the vapour 

pressure of a 30 wt. % NaCl s o l u t i o n , corresponding to the average Endako 

f l u i d composition, at 500°C i s 530 b a r s , and at 550°C i s 720 b a r s . These 

minimum formation pressures are equivalent to depths of 1.5 to 2 km. 

Although Endako a l t e r a t i o n and v e i n m i n e r a l assemblages i n d i c a t e 

r e l a t i v e l y h i g h formation temperature, the deposit a l s o shows c h a r a c t e r i s ­

t i c s of r e l a t i v e l y shallow depth of emplacement. Pronounced m i n e r a l zoning 

over a r e l a t i v e l y short d i s t a n c e across the deposit supports the e x i s t e n c e 

of steep thermal g r a d i e n t s . The t e r m i n a t i o n of sulphide d e p o s i t i o n at the 

p y r i t e zone, i n c o n j u n c t i o n w i t h l o c a l i z e d s e r i c i t i c a l t e r a t i o n , supports 

the view that ore f l u i d s were cooled and d i l u t e d by groundwater at the 

p y r i t e zone. Younger plutons bordering Endako Quartz Monzonite on the 

north and south show c h i l l e d , p o r p h y r i t i c margins and m i a r o l y t i c c a v i t i e s 

i n d i c a t i v e of high l e v e l emplacement. C o n s i d e r a t i o n of these g e o l o g i c a l 

features i n conjunction w i t h the minimum formation pressures c a l c u l a t e d 

above supports a depth of emplacement i n the order of 3 km and a c o r r e s ­

ponding formation pressure of 1000 b a r s . 

The experimental data of Lemmlein and K l e v t s o v (1961, F i g . 4) are used 

to c a l c u l a t e pressure c o r r e c t i o n s f o r Endako homogenization temperatures. 

As shown i n F i g . 6-2, t h e i r data o f f e r s pressure c o r r e c t i o n s only to 400°C 

and 30 wt. % NaCl. However, the isotherms were ex t r a p o l a t e d and pressure 

c o r r e c t i o n s at 20 and 30 wt. % NaCl and 500, 1000 and 1500 bars were 

d e r i v e d . The pressure range i n c l u d e s the minimum formation pressure, a 

r e a l i s t i c median pressure, and a maximum f i g u r e . The c o r r e c t e d f i l l i n g 

temperatures are given i n Table 6-2. 
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236. 
TABLE 6 - 2 

Homogenization Temperatures and Pressure Corrections 
for Endako Fluid Inclusions 

No. Homo. T Composition Pressure Correction Corr. 
Alt'n °C Mt.Z 

NaCl 
(xl.) 

Wt.Z 
NaCl 
(Uq.) 

Total 
Wt.% 
NaCl 

A T 
500 b. 
(NaCl) 

A T 
1000 b. 
(NaCl) 

A T 
1500 b. 
(NaCl) 

f i l l , 
temp. 
(1000 b.) 

62 
Ksp. 

400+ — 18 18 +25 
(20) 

+80 
(20) 

+140 
(20) 

480°C 

58 
Ksp. 

460+ 21 16 37 +15 
(30) 

+70 
(30) 

+125 
(30) 

530°C 

K-2 
Ksp. 

477+ 17 19 36 +20 
(30) 

+75 
(30) 

+130 
(30) 

552°C 

9 
Ksp. 

525 
(est.) 

21 16 37 +10 
(30) 

+68 
(30) 

+120 
(30) 

593°C 

43-
297 
Ser. 

490 —- . 21 21 +20 
(20) 

+80 
(20) 

+170 
(20) 

570°C 

103-
425 
Ser. 

470 
495 
500 

— 18 18 
+25 
+20 
+18 
(20) 

+78 
+80 
+82 
(20) 

+165 
+170 
+173 
(20) 

548°C 
575°C 

• 582°C 

63 
Kaol. 

342 22 18 40 40 
(30) 

90 
(30) 

135 
(30) 

432°C 

83 
Kaol. 

380 17 16 33 +35 
(30) 

+80 
(30) 

+135 
(30) 

460°C 

72 
Kaol. 

333 
325 

17 36 +39 
+38 
(30) 

+90 
+90 
(30) 

+138 
+139 
(30) 

423°C 
415°C 

24 
Kaol. 

298 17 16 33 +45 
(30) 

+88 
(30) 

+136 
(30) 

386°C 
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Summary 

The l o c a t i o n s of specimens used i n thermometry and t h e i r r e l a t i o n to 

the a l t e r a t i o n zones i s given i n F i g . 6-3. The d i s t r i b u t i o n of specimens 

was not designed to y i e l d an optimum s t a t i s t i c a l r e p r e s e n t a t i o n of orebody 

paleotemperatures. Instead, specimens were s e l e c t e d on the b a s i s of a l t e r ­

a t i o n a s s o c i a t i o n and o p t i c a l q u a l i t y of quartz. However, when compared to 

a l t e r a t i o n zones the paleotemperatures c o i n c i d e i n a general way w i t h 

thermal gradients i n f e r r e d from a l t e r a t i o n zonation. 

The four co r r e c t e d temperatures from K-feldspar-enveloped quartz v e i n s 

show a range of 480-593°C and an average of 540°C. The homogenization 

temperatures of specimens 62, 58 and K-2 are minimum homogenization tempera­

t u r e s . In the case of No. 62, the p r e c i s e homogenization p o i n t could not 

be determined due to a change i n the index of r e f r a c t i o n of the f l u i d . 

Specimen 62 and K-2 were not q u i t e homogenized when the runs were terminated 

at 460° and 477°C, r e s p e c t i v e l y due to l i m i t a t i o n s of the heating element. 

S i m i l a r l y , the homogenization temperature of sample 9 was estimated to be 

525°C although the run was stopped at 500 QC. The average c o r r e c t e d temp­

erature f o r the K-feldspar-enveloped veins may be as high as 600°C. 

The c o r r e c t e d temperatures from s e r i c i t e - e n v e l o p e d veins show a range 

of 548° to 582°C, but three of the four temperatures were determined from 

p l a t e s prepared from one specimen. Consequently the average correc t e d 

temperature i s taken as 570°C. 

The f i v e quartz veins taken from p e r v a s i v e l y k a o l i n i z e d w a l l rock show 

a range of co r r e c t e d f i l l i n g temperatures from 386° to 460°C, and an average 

of 423°C. 
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On the assumption that the paleotemperature of the dominant assemblage 

in a mineral zone defines, in a general sense, the thermal environment of 

that zone, the corrected f i l l i n g temperatures list e d above may be applied 

to the three alteration zones at Endako mine. The "temperature" of the 

K-feldspar zone is i n the range of 540°-600°C. The orebody proper contains 

a l l three alteration assemblages, but is assumed to have a "temperature" 

range representative of the predominant kaolinite and sericite assemblages, 

i.e. 423° to 570°C. The "temperature" of the pyrite zone is taken as the 

kaolinite average of 423°, although sericite is abundant locally. 
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CHAPTER VII 

MINOR ELEMENTS IN PYRITE 

A. INTRODUCTION 

P y r i t e i s ubiquitous at Endako mine, being second.in abundance to 

molybdenite among m e t a l l i c m i n e r a l s . The mo l y b d e n i t e - t o - p y r i t e r a t i o i s 

about 10:1, th e r e f o r e the p y r i t e content of the orebody i s i n the order of 

0.02%. P y r i t e was c o - d e p o s i t i o n a l w i t h molybdenite during the three main 

stages of m i n e r a l i z a t i o n ; hence, conclusions on the genesis of p y r i t e 

m i n e r a l i z a t i o n based upon d i s t r i b u t i o n of contained minor elements a l s o 

apply to molybdenite. 

A q u a n t i t a t i v e spectrochemical study of the minor element content of 

p y r i t e from the orebody area was undertaken to. a s c e r t a i n i f zonation of 

minor elements e x i s t s , and i f so, what r e l a t i o n s h i p s occur between minor 

element zonation and the s t r u c t u r a l and m i n e r a l o g i c a l geometry of the ore 

deposit. S i g n i f i c a n t c o r r e l a t i o n s may e x i s t between minor element d i s t r i ­

b u t i o n and the thermal zonation of the orebody i n f e r r e d from geothermometry 

of f l u i d i n c l u s i o n s and zonation of a l t e r a t i o n m i n e r a l assemblages. P y r i t e 

specimens were c o l l e c t e d i n a g r i d b r a c k e t i n g the orebody, separated and 

analyzed, and the assay data t r e a t e d w i t h s e v e r a l s t a t i s t i c a l techniques i n 

order to b r i n g out s i g n i f i c a n t trends. 

B. COLLECTION AND TREATMENT OF SPECIMENS 

Ninety p y r i t e specimens were c o l l e c t e d from d i a m o n d - d r i l l core and 

surface at Endako mine and surrounding areas, but only the specimens 
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l o c a t e d w i t h i n the l i m i t s of a l t e r a t i o n and m i n e r a l i z a t i o n were used i n 

t h i s study. Sixty-seven specimens were s e l e c t e d mainly along s i x n o r t h -

south d r i l l s e c t i o n s , b r a c k e t i n g the orebody i n a f a i r l y even d i s t r i b u t i o n 

of sample s i t e s . L o c a t i o n of orebody p y r i t e specimens i s given i n F i g . 7-1. 

In s e l e c t i n g p y r i t e f o r minor element a n a l y s i s f i r s t c o n s i d e r a t i o n was 

given to i t s mode of occurrence. Only p y r i t e from Stage 1, 2 and 3 veins 

was s e l e c t e d , because of the pyrite-molybdenite a s s o c i a t i o n i n these stages 

of sulphide d e p o s i t i o n . Veins c o n t a i n i n g both p y r i t e and molybdenite were 

chosen where p o s s i b l e , but c l o s e intergrowths of the two minerals were 

r e j e c t e d due to d i f f i c u l t i e s i n s e p a r a t i o n . Minor amounts of p y r i t e occur 

as a primary accessory m i n e r a l i n Endako Quartz Monzonite, and a l s o as post-

ore Stage 4 p y r i t e v e i n s . These occurrences were r e a d i l y recognized and 

excluded from the s u i t e of analyzed specimens. Commonly p y r i t e i s asso­

c i a t e d w i t h molybdenite and magnetite, and l e s s commonly w i t h hematite and 

c h a l c o p y r i t e , i n quartz v e i n s . Vein mineralogy and a s s o c i a t e d a l t e r a t i o n 

mineralogy of each specimen were noted. 

A second, but e q u a l l y important c o n s i d e r a t i o n i n s e l e c t i n g p y r i t e f o r 

spectrochemical a n a l y s i s i s i t s p u r i t y and l a c k of o x i d a t i o n . Clean, 

massive p y r i t e w i t h a minimum of a s s o c i a t e d minerals was p r e f e r r e d . P y r i t e 

showing any t r a c e s of surface o x i d a t i o n was r e j e c t e d . Every e f f o r t was 

made to s e l e c t specimens w i t h a minimum of i m p u r i t i e s . 

Steps followed i n the s e p a r a t i o n and p u r i f i c a t i o n of p y r i t e are given 

i n Appendix 2. B r i e f l y , much gangue was disposed of by c u t t i n g away w i t h 

a diamond saw, a f t e r which the specimen was crushed, sieved and inspected 

under a b i n o c u l a r microscope. A pure specimen can, i n some cases, be 

obtained at t h i s stage; i f not, heavy minerals were separated w i t h 
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bromoform and magnetic minerals were then removed using a Franz isodynamic 

separator. These operations were repeated as r e q u i r e d . The remaining 

heavy i m p u r i t i e s were e i t h e r hand-picked or removed w i t h a superpanner. 

Excessive quartz was leached from the specimen w i t h h y d r o f l u o r i c a c i d . The 

average weight of a cleaned p y r i t e specimen was l e s s than 1 gram. 

C. PURITY OF SEPARATED PYRITE 

The q u a l i t y of each p y r i t e specimen was checked under a b i n o c u l a r 

microscope s e v e r a l times during p r e p a r a t i o n . P o l i s h e d mounts of about one-

t h i r d of the specimens analyzed were s t u d i e d under a r e f l e c t i n g microscope. 

The p u r i t y of s e v e r a l specimens was checked w i t h an X-Ray d i f f r a c t o m e t e r . 

On the b a s i s of these checks, a l l p y r i t e concentrates are b e l i e v e d to be at 

l e a s t 99% pure. 

The p o s s i b i l i t y e x i s t s that some i m p u r i t i e s i n p y r i t e concentrates may 

have escaped d e t e c t i o n . Titanium analyses are s i g n i f i c a n t l y higher than 

known concentrations i n p y r i t e . Magnetite i n c l u s i o n s are noted i n p o l i s h e d 

s e c t i o n s and magnetic separates of p y r i t e , but T i content of magnetite i s 

r e l a t i v e l y low (see "Titanium" below). Sphene and leucoxene o c c a s i o n a l l y 

are detected i n p y r i t e concentrates, but i n much lower and probably l e s s 

r e g u l a r amounts than the 1% - 2% r e q u i r e d to cause the uniformly high T i 

analyses. The accuracy of t i t a n i u m analyses i s considered dubious, and 

consequently these r e s u l t s are not used i n t h i s study. 

The c o n c e n t r a t i o n of copper i n p y r i t e may be a f f e c t e d by c h a l c o p y r i t e 

replacement of p y r i t e (see "Orebody-Pyrite"). Small c h a l c o p y r i t e i n c l u s i o n s 

were detected i n two p o l i s h e d s e c t i o n s of p y r i t e . The polymodal frequency 

d i s t r i b u t i o n of copper i n p y r i t e ( F i g . 7-2) and the g e n e r a l l y high and 
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erratic copper assays indicate that most copper i n pyrite is derived from 

admixed chalcopyrite. 

The concentration of zinc in pyrite is very erratic. Sphalerite 

exsolution bodies were noted i n chalcopyrite, but were not identified in 

pyrite. chalcopyrite inclusions in pyrite were analyzed by electron probe, 

and the Zn content found to be 5200 ppm compared to 230 ppm Zn in enclosing 

pyrite and 85 ppm Zn i n a separate pyrite grain. Cu and Zn show strong 

correlation in s t a t i s t i c a l studies, supporting the view that the majority 

of Zn i n pyrite i s derived from exsolved sphalerite in chalcopyrite 

inclusions. 

Most pyrite concentrates contained a few flakes of molybdenite that 

escaped the superpanner and could not be easily hand-picked. Most Mo in 

analyses probably is derived from this source. Semiquantitative spectro­

graphs analyses of two pure molybdenite specimens revealed uniformly low 

minor element contents. Contamination of pyrite from this source, other 

than for Mo, was judged to be minimal. 

D. MINERAL ANALYSIS 

A l l quantitative analyses were performed at Queen's University with 

a Jarrell-Ash emission spectrograph and an A.R.L. densitometer. The 

spectrographer, Mr. L.C. Mes, carried out the analyses, assisted by the 

writer. 

Pyrite specimens were prepared for burning in the arc by homogenizing 

a mixture of 75 mg sample, 75 mg base (SiO^ + A^O^ + ^^CO^) a n <* -̂ O mS 

graphite containing 0.01% Pd as an internal standard. 
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Spectral lines were photographed upon a three-meter strip of 35 mm 

film. Intensity of the lines was measured with the densitometer, and quan­

titat i v e results were calculated using existing pyrite calibration curves 

from Queen's f i l e s . 

A duplicate spectrochemical analysis was run on every f i f t h pyrite 

sample. The duplicated results, in both arithmetic and logarithmic formats, 

were keypunched and run through an analytical precision program based on 

Garrett's method (1969, p. 568). The results are given in Table 7-1. 

Spectrochemical analyses of pyrites from the orebody area are given in 

Appendix 4, and analyses of regional pyrites are given in Appendix 5. 

Precision i s given i n % at 95% confidence level. Arithmetic values 

of Pb, Zn, Cu and Ag have the lowest precision. In the logarithmic format 

Ag shows very low precision due to the predominance of near-zero analytical 

values, compared to a few relatively high values. Logarithmic Pb preci­

sions are low for the same reason. 

In general, the reproducibility of analyses was judged to be within 

acceptable limits for the method. Precision of analyses is limited mainly 

by the sensitivity of the particular element's spectral lines at- the con­

centration measured. Inhomogeneity of specimens, mainly due to inclusions, 

also decreases precision. 

Preliminary analysis of orebody pyrites (Appendix 3) determined that 

19 elements are present in pyrite in detectable amounts. The eleven ele­

ments given in Table 7-1 below were looked for in a l l subsequent analyses. 

An additional eight elements were rejected as unsuitable for quantitative 

study for the reasons stated below. 
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Table 7-1 

A n a l y t i c a l P r e c i s i o n of Spectrochemical Assays 

V a r i a b l e 
A n a l y t i c a l 
Variance 

A n a l y t i c a l 
Std. Dev. 

A n a l y t i c a l 
P r e c i s i o n 

LOGARITHMIC VALUES 

Ag 0.05 0.22 1089.57 
Ba 0.00 0.04 7.20 
B i 0.03 0.17 56.96 
Co 0.00 0.04 3.16 
Cu 0.01 0.07 6.48 
Mn 0.00 0.05 6.35 
N i 0.00 0.06 6.57 
Pb 0.01 0.09 63.41 
Sn 0.00 0.06 7.45 
Sr 0.00 0.03 5.25 
Zn 0.01 0.08 10.76 

ARITHMETIC VALUES 

Ag 0.27 0.52 60.22 
Ba 2.15 1.47 18.43 
B i 29.86 5.46 31.51 . 
Co 609.23 24.68 24.14 
Cu 12125.07 110.11 76.56 
Mn 35.85 5.99 16.71 
N i 73.69 8.58 22.78 
Pb 8.65 2.94 119.24 
Sn 31.27 5.59 29.26 
Sr 0.58 0.76 12.3.7 
Zn 13864.38 117.75 79.15 
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1. Boron i s present i n a l l 9 p r e l i m i n a r y analyses i n s m a l l concentrations 

estimated to be 5 to 10 ppm. No c a l i b r a t i o n curves f o r boron were 

a v a i l a b l e . 

2. Calcium i s present i n a l l p r e l i m i n a r y analyses i n uniformly low con­

c e n t r a t i o n . No c a l i b r a t i o n curves were a v a i l a b l e f o r q u a n t i t a t i v e 

determination. Calcium probably i s .derived from s m a l l q u a n t i t i e s of 

admixed c a l c i c f e l d s p a r and sphene. 

3. Chromium i s present i n 4 of 22 p r e l i m i n a r y and r e g i o n a l analyses i n 

concentrations of 6, 16, 31 and 80 ppm. The chromium content of p y r i t e 

was judged to be too low and e r r a t i c to be u s e f u l i n e s t a b l i s h i n g 

trends. 

4. Magnesium i s present i n a l l p r e l i m i n a r y analyses i n concentrations of 

.02% to .4%. Magnesium probably i s derived from s m a l l amounts of 

admixed b i o t i t e . 

5. Molybdenum i s present i n a l l p r e l i m i n a r y analyses i n r a t h e r high con­

c e n t r a t i o n s of 300 to 1000+ ppm. Some Mo probably i s i n c o r p o r a t e d i n 

p y r i t e but the m a j o r i t y obviously i s derived from admixed molybdenite. 

6. Vanadium i s detected i n nine p r e l i m i n a r y analyses i n concentrations 

estimated at l e s s than 30 ppm. Hawley (1952) noted no s i g n i f i c a n t 

v a r i a t i o n i n V content of p y r i t e r e l a t e d to depth, g r a i n s i z e or w a l l 

rock i n four Canadian mines. Consequently no V determinations were 

attempted. 

7. Zirconium i s present i n a l l p r e l i m i n a r y analyses, but no q u a n t i t a t i v e 

determinations were made. Minor amounts of admixed z i r c o n probably 
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account f o r a l l the Zr i n p y r i t e . 

8. Titanium i s present i n p y r i t e i n amounts ranging from 0101% to 1.1%. 

The average T i c o n c e n t r a t i o n i s 0.35%. Titanium i s not known to be 

accommodated i n p y r i t e i n these anomalously hi g h c o n c e n t r a t i o n s . The 

only phase present i n p y r i t e that i s l i k e l y to be t i t a n i f e r o u s i s 

magnetite. No i l m e n i t e i n c l u s i o n s or intergrowths i n magnetite were 

seen. The e l e c t r o n probe was used to determine the T i content of two 

p y r i t e s c o n t a i n i n g magnetite i n c l u s i o n s , and one magnetite specimen. 

P y r i t e S-18 contains an average of 125 ppm T i , and p y r i t e S-117 con­

t a i n s an average of 207 ppm T i . Magnetite i n c l u s i o n s i n both specimens 

were s l i g h t l y enriched i n T i r e l a t i v e to p y r i t e , but contained about 

the same T i as the magnetite specimen, i . e . 290 ppm. This concentra­

t i o n of T i i n magnetite cannot account f o r the anomalously high spec­

trochemical analyses. 

T i t a n i f e r o u s minerals from veins and w a l l rock may have contaminated 

some p y r i t e concentrates. Sphene i s a common accessory m i n e r a l i n 

quartz monzonite, and leucoxene'is recognized as an a l t e r a t i o n product 

of b i o t i t e . A white m i n e r a l t e n t a t i v e l y i d e n t i f i e d i n p o l i s h e d s e c t i o n 

as leucoxene was analyzed on the e l e c t r o n probe and found to c o n t a i n 

49% T i . Thorough i n s p e c t i o n of p y r i t e concentrates precludes the 

p o s s i b i l i t y of 1% - 2% admixed sphene or leucoxene i n most specimens. 

Titanium assays d e r i v e d from i m p u r i t i e s would be more e r r a t i c and the 

standard d e v i a t i o n would be h i g h e r . 

I f p y r i t e does not c o n t a i n the high T i concentrations i n d i c a t e d , nor 

are s i g n i f i c a n t amounts of T i c o n t r i b u t e d by magnetite or other t i t a n i ­

ferous m i n e r a l s , then the T i analyses must be i n e r r o r . P r e l i m i n a r y 
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spectrochemical analyses (Appendix 3) were s i g n i f i c a n t l y lower i n T i 

than analyses performed on the 67 orebody p y r i t e s . P r e l i m i n a r y T i 

analyses were read from a p y r i t e c a l i b r a t i o n curve that was found to 

be u n s a t i s f a c t o r y . The m a j o r i t y of T i analyses were read from a 

s i l i c a t e rock c a l i b r a t i o n curve, y i e l d i n g " c o r r e c t e d " values 2X to 5X 

the sulphide curve values f o r the same specimen. The two p y r i t e 

specimens analyzed on the e l e c t r o n probe y i e l d e d 125 and 207 ppm T i 

vs. spectrographic analyses of 5350 and 4300 ppm T i , r e s p e c t i v e l y . 

The highest T i co n c e n t r a t i o n i n t h i s study i s 1.16% compared to the 

recorded maximum T i content of p y r i t e of 600 ppm ( F l e i s c h e r , 1955, 

p. 1003). Due to the u n c e r t a i n r e l i a b i l i t y of the T i c a l i b r a t i o n curve 

used, the T i analyses are disregarded i n t h i s study. 

E. TREATMENT OF DATA 

(1) Hand-Contoured Plans 

I n i t i a l l y the eleven v a r i a b l e s were p l o t t e d on 1" = 1000' orebody plans 

and contoured. This technique was not s u c c e s s f u l i n e s t a b l i s h i n g trends due 

to the high background " n o i s e " of clo s e l y - s p a c e d data p o i n t s , and the b i a s ­

i n g of contours by numerous i s o l a t e d highs and lows. Hand-contoured plans 

f o r s e v e r a l elements are shown i n F i g s . 7-4, 7-5 and 7-6. 

(2) Sections 

S e v e r a l north-south s e c t i o n s of each of the v a r i a b l e s were p l o t t e d 

w i t h a s i m i l a r l a c k of success i n e s t a b l i s h i n g trends. Sections p l o t t e d on 

semi-log paper were smoother than raw data p l o t s , and defined b e t t e r the 

more obvious minor element v a r i a t i o n s across the orebody. However, t h i s 
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treatment of data a l s o was judged u n s a t i s f a c t o r y due to h i g h background 

"noise" and vari a n c e inherent i n the geochemical data, w i t h r e s u l t a n t 

i r r e g u l a r "saw-toothed" p r o f i l e s . 

(3) Frequency D i s t r i b u t i o n Histograms 

E a r l y i n the study, bimodal and pblymodal populations were recognized 

i n some sets of data. Cu, Pb, Zn and B i showed s i g n i f i c a n t populations 3 

to 10 orders of magnitude higher than the remainder. A d e c i s i o n was made 

to apply trend surface a n a l y s i s to the data, t h e r e f o r e i t became important 

to know the form of,the d e n s i t y d i s t r i b u t i o n of each v a r i a b l e . 

Percent frequency histograms were prepared of the raw spectrochemical 

data, and of base 10 l o g a r i t h m i c transforms of the same set s of data using 

a F o r t r a n IV computer program. Histograms of the eleven v a r i a b l e s are 

given i n F i g s . 7-2 and 7-3. The p o p u l a t i o n (n) of each data set may be 

l e s s than the maximum of 67 i f anomalously high and/or low values have been 

deleted. Mean (x) and standard d e v i a t i o n (s) are given f o r each histogram. 

The bar i n t e r v a l i n every case i s one-quarter of the standard d e v i a t i o n . 

To i l l u s t r a t e the v a r i a n c e of the frequency d i s t r i b u t i o n s , the a b s c i s s a i s 

c a l i b r a t e d i n standard d e v i a t i o n s above and below the mean. 

A l l data sets are approximately lognormally d i s t r i b u t e d , i . e . l o g 

frequency histograms are l e s s p o s i t i v e l y skewed than raw data histograms. 

Trend surfaces of raw and logged data s e t s f o r most of the elements show 

a corresponding improvement i n f i t of surface to logged data versus raw 

data. 
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Trend Surface A n a l y s i s 

(a) Method 

Trend surface a n a l y s i s i s a method of f i t t i n g mathematically 

computed surfaces to s p a t i a l l y d i s t r i b u t e d data using a method known 

as l e a s t squares a n a l y s i s . The surface represents systematic r e g i o n a l 

trends inherent i n the data, whereas the r e s i d u a l s , obtained by sub­

t r a c t i n g the trend value from the o r i g i n a l v a l u e , represent l o c a l 

f l u c t u a t i o n s or anomalies (e.g. S i n c l a i r , 1969). 

The procedure commonly i n v o l v e s f i t t i n g a polynomial s u r f a c e ; 

l i n e a r , q u a d r a t i c , cubic and so on, to a set of g e o g r a p h i c a l l y d i s ­

t r i b u t e d data, assuming some r e l a t i o n s h i p e x i s t s among the coordinates 

and the v a r i a b l e being analyzed. Trend surfaces are f i t t e d by l e a s t 

squares; that i s , the t o t a l sum of squares of the d e v i a t i o n s of the 

data p o i n t s from the corresponding p o i n t s on the surface are minimized. 

The l e a s t squares procedure i s a standard s t a t i s t i c a l technique des­

c r i b e d i n most i n t r o d u c t o r y t e x t s (e.g. Krumbein and G r a y b i l l , 1965, 

p. 333). 

The equation of a f i r s t - d e g r e e (planar) s u r f a c e i s : 

z = A + Bx + Cy 

where x, y and z are v a r i a b l e s and A, B and C are constants. Commonly 

x and y are coordinates and z i s the ob s e r v a t i o n at (x, y ) . A i s a 

constant r e l a t e d to the average e l e v a t i o n of the s u r f a c e , and B and C 

are slopes of the surface i n the x and y d i r e c t i o n s , r e s p e c t i v e l y . 

The degree of the surface i s the maximum power of x and y found i n a 
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term of the equation. A second-degree equation, r e p r e s e n t i n g a quad­

r a t i c s u r f a c e , i s : 

2 2 z = A + Bx + Cy + Dx + Exy + Fy 

As the order of the equation i n c r e a s e s , the surface more com­

p l e t e l y describes the data. Higher-order polynomials a l l o w more 

curvature i n trends and provide smooth unbiased approximations of 

hand-contoured data. Low-order s u r f a c e s , on the other hand, more 

c l o s e l y approximate r e g i o n a l gradients i n data. 

How w e l l a c a l c u l a t e d surface corresponds to the o r i g i n a l data, 

that i s , the " f i t " of the s u r f a c e , i s assessed by t a k i n g the r a t i o of 

the v a r i a n c e accounted f o r by the surface to the t o t a l v a r i a n c e . The 

r a t i o may be expressed as a decimal " c o e f f i c i e n t of determination" 

(Howarth, 1967) or as a percent (Krumbein and G r a y b i l l , 1965). 

In s e l e c t i n g or r e j e c t i n g a su r f a c e on the b a s i s of i t s f i t to 

the o r i g i n a l data, one may use the c r i t i c a l values f o r the c o e f f i c i e n t 

of determination e s t a b l i s h e d by Howarth (op. c i t . ) . S i x t y experimen­

t a l t e s t s of f i t t i n g trend surfaces to randomly-distributed data 

i n d i c a t e that i f the percentage of the variance explained by the su r ­

face f a l l s below 6.0%, 12.0% and 16.2% f o r p l a n a r , q u a d r a t i c and cubic 

surfaces r e s p e c t i v e l y , the d i s t r i b u t i o n of data p o i n t s i s not s i g n i f i ­

c a n t l y d i f f e r e n t from random at the 95% confidence l e v e l . 

Spectrochemical analyses of Endako p y r i t e s were amenable to trend 

a n a l y s i s by v i r t u e of the r e l a t i v e l y uniform data p o i n t d i s t r i b u t i o n 

over the area of i n t e r e s t . Sampled d r i l l holes were a c c u r a t e l y 

l o c a t e d (+ 0.1 f t . ) on the surveyed mine g r i d . Most specimens were 
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taken at depths between 100 and 200 feet from the collar, yielding an 

essentially planar distribution of data points. 

A computer program similar to that of Sampson and Davis (1966) 

for the IBM 7040 computer was used to calculate f i r s t to fourth-order 

trend surfaces for each of the eleven minor elements, contained in 

Endako pyrites. Table 7-2 l i s t s the coefficients of determination and 

standard deviations for surfaces computed from both raw and logarith­

mically transformed data. 

(b) Results 

Variables used in trend analysis were concentrations of each 

element in ppm plus the Co:Ni ratios. The f i r s t run used raw data and 

the second t r i a l used logarithms to base 10 of the same data. 

In every case except those of Ba and Co:Ni, the I°g-̂ Q quadratic 

surface has a higher coefficient of determination than the correspond­

ing raw data surface. The improvement of f i t with logarithmically 

transforming the data was anticipated by the shift to normal form in 

the l°g^Q frequency histograms of these same data. 

Quadratic surfaces were selected as the best representation of 

minor element trends for the following reasons: 

1. The quadratic surfaces, as a group, were as good or a better f i t 

to data than the linear, cubic or quartic surfaces. 

2. Planar surfaces cannot adequately define the curved or concentric 

patterns common to classical examples of orebody zoning, whereas 

a quadratic surface is the lowest order giving curvature. 



TABLE 7-2 

Trend Surface Standard Deviations and Coefficients of Determinations 

Variable 
' No. of 
Samples 

Linear Surface 
Std.Dev. Coef.det. 

Quadratic 
Std.Dev. 

Surface 
Coef.det. 

Cubic Surface 
Std.Dev. Coef.det. 

Quartic Surface 
Std.Dev. roef det. 

Ag in 
Ag in 

py. 
py, 

ppm 
logio 

67 
67 

2.8 ppm 
.52 

.03 

.08 
2.6 ppm 
.50 

.10 

.15 
2.7 ppm 
.50 

.06 

.15 
2.6 ppm 
.50 

.11 

.15 

Ba in 
Ba in 

py. 
py. 

ppm 
l o g 1 Q 

67 
67 

18.8 ppm 
.37 

.11 

.07 
17.0 ppm 

.34 
.27 
.21 

17.4 ppm 
.35 

.23 

.19 
17.1 ppm 

.35 
.26 
.20 

Bi in 
Bi in 

py. 
py, 

ppm 
l o g i o 

67 
67 

61.4 ppm 
1.33 

.03 

.06 
58.4 ppm 
1.28 

.12 
• 1 3 

58.0 ppm 
1.29 

.13 

.11 
58.2 ppm 
1.30 

.13 

.09 

Co in 
Co in 

py. 
py. 

ppm 
l o g 1 0 

67 
67 

209 ppm 
.36 

.01 

.02 
205 ppm 
.35 

.04 

.06 
211 ppm 
.38 

-.01 
-.08 

205 ppm 
.36 

.04 

.03 

Cu in py, ppm 67 185 ppm .03 183 ppm .05 198 ppm -.11 188 ppm .00 

Mn i n 
Mn in 

py, 
py, 

ppm 
l o g 1 0 

67 
67 

43.4 ppm 
.56 

.21 

.41 
43.1 ppm 
.55 

.22 

.42 
42.9 ppm 
.54 

.23 

.43 
42.9 ppm 
.55 

.22 

.42 

Ni i n 
Ni in 

py, 
py, 

ppm 
l o g i o 

67 
67 

39.4 ppm 
.61 

.13 

.35 
37.6 ppm 
.56 

.21 

.45 
41.7 ppm 
.55 

.03 

.48 
37.7 ppm 
.55 

.21 

.48 

Pb in py, ppm 67 23.4 ppm .00 23.1 ppm .03 23.4 ppm .01 23.1 ppm .03 

Sn in 
Sn in 

py, 
py, 

ppm 
l o g 1 0 

67 
67 

25.7 ppm 
.64 

.21 

.28 
25.3 ppm 
.63 

.23 

.31 
26.1 ppm 
.64 

.18 

.29 
25.6 ppm 
.63 

.21 

.31 

Sr in py, ppm 67 10.3 ppm .02 10.1 ppm .05 10.1 ppm .05 10.1 ppm .05 

Zn in py, ppm 67 481 ppm .05 470 ppm .09 497 ppm -.01 486 ppm .03 

Co/Ni ratio 
(0',' trace 

transformed) 

67 94.7 .22 93.0 .25 92.2 .26 93.0 .25 

Co/Ni (0 Ni 
deleted) 

57 3.34 .05 3.32 .07 3.32 .06 3.26 .10 

Co/Ni 
dele 

i 

(0 Ni 
ted)log 1 0 

57 .33 .05 .33 .09 .33 .08 .32 .14 
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3. The inherent e r r a t i c nature of minor element analyses does not 

j u s t i f y surfaces more complex than second order. 

Three of the l°g^Q quad r a t i c s u r f a c e s , Mn, N i and Sn, showed 

b e t t e r f i t s to data than the r e s t . T h e i r c o e f f i c i e n t s of determina­

t i o n improved markedly from those of raw data s u r f a c e s , i . e . N i : 0.45 

(0.21); Mn: 0.42 (0.22); and Sn: 0.31 (0.23). The two q u a d r a t i c s u r ­

f a c e s , the log-j^Q quadratic r e s i d u a l s and the raw data f o r these three 

v a r i a b l e s are hand-contoured i n separate orebody plans i n F i g s . 7-4, 

7-5 and 7-6. 

Manganese, n i c k e l and t i n quadratic surfaces are s i m i l a r i n con­

f i g u r a t i o n and o r i e n t a t i o n . The three v a r i a b l e s y i e l d e s s e n t i a l l y 

coplanar surfaces s t r i k i n g p a r a l l e l to the west-northwest e l o n g a t i o n 

of the orebody, and d i p p i n g g e n t l y to moderately southwestward. 

The barium raw data surface i s a s l i g h t l y b e t t e r f i t to data than 

the corresponding l o g a r i t h m i c s u r f a c e . The Ba surfaces are of d i f f e r ­

ent c o n f i g u r a t i o n than the s i m i l a r Mn-Ni-Sn s u r f a c e s , and show a 

general change i n trend between raw and logged data. Barium d i s t r i b u ­

t i o n trends may w e l l be n o n - s i g n i f i c a n t i f the barium content of 

p y r i t e i s due l a r g e l y to i n c l u s i o n s of host rock and/or p o t a s s i c host 

rock m i n e r a l s . Hawley (op. cit>) found that the barium content of 

p y r i t e s from Canadian gold mines v a r i e d markedly w i t h changes i n w a l l 

rock, and probably was due to w a l l rock i n c l u s i o n s . Endako Quartz 

Monzonite, w i t h an average Ba content of 300 ppm (Wertz, personal 

communication, 1970), provides a r e a d i l y a v a i l a b l e source of Ba 

contamination. 





F I G U R E 7 - 5 

T R E N D S U R F A C E S O F Mn IN P Y R I T E 





261. 

In computing the Co:Ni r a t i o s , the low N i spectrochemical assays 

were transformed by s u b s t i t u t i n g 1/3 and 1/10 of the minimum dete c t a b l e 

assay (4 ppm) f o r " t r a c e " and "zero", r e s p e c t i v e l y . The log^Q quad­

r a t i c s u rface of Co:Ni r a t i o s i s a poorer f i t to data than the raw data 

s u r f a c e , at 0.09 v s . 0.25. The Co:Ni qu a d r a t i c surfaces s t r i k e n o r t h ­

westward along the a x i s of the orebody l i k e the Mn, N i and Sn s u r f a c e s . 

However, the Co:Ni surface dips i n the opposite d i r e c t i o n , from a high 

southwest of the open p i t to a low northeast of the mine. The trend 

i s due mainly to a sharp decrease i n N i content of p y r i t e s outside the 

orebody,,with the corresponding Co contents remaining r e l a t i v e l y 

unchanged. The average Co:Ni r a t i o of 12 p y r i t e s outside the southern 

l i m i t s of the orebody i s 296 compared to an average r a t i o w i t h i n the 

orebody of 9.2. 

N i c k e l i s concentrated predominantly i n p y r i t e s i n the c e n t r a l 

orebody where Co has only an e r r a t i c d i s t r i b u t i o n of l o c a l i z e d highs. 

Cobalt shows two concentrations over the p y r i t e zone south and west 

of the orebody, a trend that i s r e f l e c t e d i n the Co quadratic s u r f a c e s . 

Both s u r f a c e s , however, are very poor f i t s to data and the trends are 

considered to be n o n - s i g n i f i c a n t . 

S i l v e r and bismuth log-^Q q u a d r a t i c surfaces are a s l i g h t l y b e t t e r 

f i t to data than the corresponding raw data s u r f a c e s , at c o e f f i c i e n t s 

of determination 0.15 and 0.13 v s . 0.10 and 0.12, r e s p e c t i v e l y . The 

f i t s to data, however, are s t i l l q u i t e poor and of dubious v a l i d i t y . 

The surfaces d e p i c t s i m i l a r i n c r e a s i n g trends northwards and southwards 

from a long a x i s along the southern margin of the orebody. 



262. 

S i l v e r , w i t h a mean of 2.5 ppm, i s lowest i n abundance of a l l 

elements i n p y r i t e and i s d e t e c t a b l e only due to i t s high s p e c t r o g r a -

phic s e n s i t i v i t y . S i l v e r i s concentrated i n p y r i t e s along the northern 

orebody periphery and south of the p y r i t e zone. A l o c a l i z e d s i l v e r 

high that c o i n c i d e s w i t h a major northeast f a u l t i n the western ore-

body area may r e f l e c t a r e l a t i v e l y l a t e stage of p y r i t e d e p o s i t i o n . 

Bismuth, w i t h a mean of 35 ppm, al s o i s i n r e l a t i v e l y low concen­

t r a t i o n i n Endako p y r i t e . An anomalous l i n e a r zone of B i values rang­

i n g between 100 and 300 ppm runs along the northern h a l f of the orebody 

and i s fl a n k e d by a l a r g e zone of zero B i values o v e r l y i n g the southern 

periperhy of the orebody and the p y r i t e zone. The coincidence of the 

B i high w i t h the K- f e l d s p a r a l t e r a t i o n zone may be r e l a t e d to a 

b i s m u t h i n i t e - K - f e l d s p a r a s s o c i a t i o n noted i n e a r l y p e g m a t i t i c q u a r t z -

molybdenite-beryl v e i n s . 

Quadratic surfaces of the remaining four elements show poor f i t s 

to data: Zn: 0.09, Cu: 0.05, Sr: 0.05, and Pb: 0.03. The c o e f f i c i e n t s 

of determination of the three other orders of surface are even lower 

than the quad r a t i c values. Frequency d i s t r i b u t i o n histograms of these 

four v a r i a b l e s are e i t h e r s t r o n g l y skewed or polymodal, or both. 

In summary, trend surface a n a l y s i s has revealed three d e f i n i t e 

trends i n the d i s t r i b u t i o n of minor elements i n Endako p y r i t e s . The 

p r i n c i p a l , and probably most g e o l o g i c a l l y s i g n i f i c a n t , trend i s the 

conc e n t r a t i o n of N i , Sn and Mn.over the orebody. Quadratic trend s u r ­

faces of the three elements are e s s e n t i a l l y i d e n t i c a l , i n d i c a t i n g that 

t h e i r concentrations i n p y r i t e have been c o n t r o l l e d by a s i n g l e 

g e o l o g i c a l process r e l a t e d to the formation of the orebody. The 
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second trend i s the concentration of Co (plus several other elements) 

over the pyrite zone south of the orebody, which, taken in conjunction 

with sharply diminished Ni assays i n that area, results in high cor­

responding Co:Ni ratios. This trend may be related to mineralizing 

processes that gave rise to the mineralogically distinct pyrite zone.. 

The third trend i s defined mainly by the distribution of Bi and Ag, 

but also applies to Pb, Zn and Cu'. trend surfaces, reflecting the 

erratic distribution of these elements, f i t the data poorly yet show 

similar trends of a general low over the orebody and highs to the 

north and south. This trend may arise from several causes including 

thermal zonation, late-stage mineralization and wall rock contamina­

tion. 

Correlation of Zonation i n Minor Elements arid Alteration Features 

(a) Zonal Trends 

Trend surface analysis defines several apparently significant 

trends i n zonation of minor elements. Nickel, manganese and t i n con­

centrate over the orebody i n coincident elongate zones parallel to the 

long axis of the orebody. The mutual highs of the three elements over­

lay the northern half of the orebody, and diminish regularly southward 

to a low south of the pyrite zone. Obviously this trend corresponds 

to molybdenite concentration in general, i.e. the orebody. More 

precisely, Ni, Mn and Sn correlate with a part of the orebody and 

adjacent host rock in which K-feldspar i s the predominant alteration 

mineral. Like Mn, Ni and Sn in pyrite, K-feldspar alteration i s 

relatively abundant along the north-central orebody axis but diminishes 

southward toward the pyrite zone where K-feldspar i s essentially absent. 
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The p y r i t e zone i s defined by the abundance of p y r i t e and s e r i ­

c i t i c a l t e r a t i o n r e l a t i v e to molybdenite and to other a l t e r a t i o n 

assemblages. The arcuate zone that averages over 500 feet wide crosses 

the southeastern end of the orebody, flanks i t along the south side, 

then diverges from the western end of the open p i t and rejoi n s the 

south side of the western extension. No si n g l e minor element i s 

concentrated e x c l u s i v e l y i n py r i t e s i n t h i s zone; however, two large 

Co highs l i e within the p y r i t e zone and highs i n Cu, Zn, Ba and Sr 

cor r e l a t e with i t to a l e s s e r degree. Concentration of these elements 

i n s e r i c i t e - a s s o c i a t e d p y r i t e s i n a zone peripheral to molybdenite 

deposition indicates that genetic r e l a t i o n s h i p s may e x i s t between the 

zonal arrays of sulphides, a l t e r a t i o n s i l i c a t e s and minor elements. 

The t h i r d a l t e r a t i o n zone i s intermediate to the K-feldspar and 

p y r i t e zones, covering the southern h a l f of the orebody. The elongate 

zone i s defined by moderate to intense pervasive k a o l i n i t i c a l t e r a t i o n , 

contrasted with weak to moderate i n t e n s i t y elsewhere. Unlike the 

other two a l t e r a t i o n zones, no concentration of minor elements coincide 

with t h i s zone. 

(b) C o r r e l a t i o n of Raw and Trend Surface Data to Geology 

The type of a l t e r a t i o n associated with p y r i t e was recorded f o r 

each specimen, permitting a c o r r e l a t i o n to be made between the spec i ­

f i c a l t e r a t i o n mineralogy of i n d i v i d u a l samples and the a l t e r a t i o n 

zones of the e n t i r e deposit. The re l a t i o n s h i p of spectrochemical assay 

to a l t e r a t i o n assemblage was compared f o r two elements, Sn and B i , 

that have d i f f e r e n t d i s t r i b u t i o n s that may r e f l e c t d i f f e r i n g g eological 

controls. 
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The raw assay data f o r both Sn and B i were grouped and p l o t t e d 

as three separate p l a n s , depending on whether K - f e l d s p a r , s e r i c i t e or 

k a o l i n i t e i s the dominant a l t e r a t i o n m i n e r a l a s s o c i a t e d w i t h the p y r i t e 

specimen. The hand-contoured plans were compared to o v e r a l l raw data 

p l o t s and trend surfaces of the same v a r i a b l e s . 

T i n - k a o l i n i t e and t i n - s e r i c i t e d i s t r i b u t i o n s y i e l d hand-contoured 

plans that show no c o r r e l a t i o n to any known g e o l o g i c a l c o n t r o l . The 

t i n - K - f e l d s p a r a s s o c i a t i o n , on the other hand, y i e l d s a d i s t r i b u t i o n 

of highs that c o i n c i d e q u i t e w e l l w i t h the K-feldspar zone. Bismuth 

v a l u e s , when subdivided i n t o a l t e r a t i o n groups, y i e l d a concentration 

of B i - K - f e l d s p a r highs w i t h i n the K - f e l d s p a r zone c l o s e l y resembling 

the o v e r a l l B i high i n that area. The B i - s e r i c i t e a s s o c i a t i o n appears 

to be n o n - s i g n i f i c a n t , but the B i - k a o l i n i t e p l o t shows an i n t e r e s t i n g 

c o n c e n t r a t i o n southwest of the p y r i t e zone. From these r e s u l t s the 

w r i t e r concludes that the B i c o n c e n t r a t i o n i n p y r i t e may r e s u l t from 

at l e a s t two d i s t i n c t g e o l o g i c a l causes whereas Sn c o r r e l a t e s w i t h 

only one g e o l o g i c a l f a c t o r . However, few concrete conclusions can be 

reached by such a q u a l i t a t i v e comparison of trends i n data. 

Another approach to c o r r e l a t i n g minor element trends w i t h geology 

was taken using l°g^Q quad r a t i c r e s i d u a l s ( F i g s . 7 - 4 , 7 - 5 , 7 - 6 ) . The 

r e s i d u a l s from a s i g n i f i c a n t trend surface represent anomalous depart­

ures from the t r e n d , and i n the case of Endako may r e f l e c t s t r u c t u r a l 

c o n t r o l s . T i n , manganese, n i c k e l and bismuth i°g-̂ Q quadratic r e s i d u a l s 

were p l o t t e d on orebody plans showing p r i n c i p a l v e i n s , f a u l t s and 

dykes. Residuals were contoured i n u n i t s of standard d e v i a t i o n s above 

and below the mean, and the highs and lows compared to s t r u c t u r e . 
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Structural and spectrochemical data are somewhat concentrated in 

Sections 1 and 4 i n the western pit area due to relatively closely-

spaced data points and numerous large intersecting faults in that 

area. Consequently, residuals of both variables correlate to these 

northeast-striking faults to a degree. In general, however, the 

residuals bear l i t t l e relationship to known structures. The d i s t r i ­

butions of minor elements may be affected less by local structures 

than by the overall structural environment. 

There may be a fundamental structural difference between the 

eastern and western parts of the orebody, as postulated previously in 

Chapter IV. Between the two areas, differences are observed in frac­

ture density, standard deviation of Mo assays, and proportion of large 

veins to stockwork veinlets. A structural hypothesis is proposed that 

involves intense domal fracturing in the east, giving way gradationally 

to shear fracturing in the west. Alternative explanations for observed 

structural differences are the structural level model of Kimura and 

Drummond (1969), or possibly some multi-stage model of fracturing and 

mineralization. If -substantial structural disruption occurred between 

the eastern and western parts of the orebody, or i f mineralization was 

multi-stage, then trend surfaces of minor elements in the two sub-areas 

should reflect the difference. Conversely, i f minor element trends 

are similar, a single stage hypothesis is indicated. 

Separate l°g-j.Q quadratic surfaces were computed for Sn values east 

and west of a major northeast fault crossing the west-central orebody. 

The trend of the larger eastern surface is identical to that of the 

overall Sn l o g i n quadratic surface, and the f i t to data is better 
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(0.44 vs. 0.31). The trend of the smaller western surface is non­

significant, at coefficient of determination 0.08. The only conclu­

sion reached from this t r i a l is that the overall Sn surface is the 

aggregate of the eastern and western trends which, taken alone, pro­

bably lack geologic significance. The test was not repeated for 

other variables, because i t is apparent that the components of a 

general trend cannot be related to structural components of the whole 

orebody. 

(c) Discriminant Analysis 

Discriminant analysis assigns samples to previously defined 

populations on the basis of a number of variables considered simul­

taneously. The variables in this case are the minor element analyses 

of each sample. If control samples can be assigned to different 

populations on the basis of prior knowledge, they can then be used to 

establish mathematical c r i t e r i a for the, classification of additional 

samples. In addition, the validity of the original classification can 

be tested. The method establishes a discriminant function that repre­

sents a line or surface constructed in such a way to minimize the 

projected overlap of (i.e. discriminate between) the frequency d i s t r i ­

bution clusters of the variables. 

Discriminant analysis was developed originally by R.A. Fisher 

(1936) for use in biological taxonomy. An illustrated description of 

the method, as applied to a geological classification problem, is 

given by KLovan and Billings (1967). The program used in this study 

was developed by the U.C.L.A. Health Sciences Computing F a c i l i t y , for 

the Univac 1108 computer. 
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D i s c r i m i n a n t a n a l y s i s was used i n i t i a l l y to t e s t the grouping of 

p y r i t e specimens according to i n d i v i d u a l a l t e r a t i o n a s s o c i a t i o n s . 

P y r i t e s were assigned to one of the f o l l o w i n g three groups: 32 s p e c i ­

mens from K - f e l d s p a r - enveloped v e i n s ; 16 specimens from s e r i c i t e -

enveloped v e i n s ; and 19 specimens showing no a l t e r a t i o n envelopes, but 

enclosed by p e r v a s i v e l y k a o l i n i z e d w a l l rock. The assigned groups 

c o i n c i d e i n a general way w i t h the a l t e r a t i o n zones defined i n Chapter 

V. D i s c r i m i n a n t a n a l y s i s evaluated the assigned groupings as shown i n 

Table 7-3: 

Table 7-3 

D i s c r i m i n a n t A n a l y s i s of P y r i t e - A l t e r a t i o n Groups 

Assigned 
Group 

Test Groups T o t a l 
Assigned 

Assigned 
Group 1. K-Feldspar 2. S e r i c i t e 3. K a o l i n i t e 

T o t a l 
Assigned 

1. K - f e l d s p a r 21 (66%) 6 (18%) 5 (16%) 32 

2. S e r i c i t e 1 ( 6%) 13 (81%) 2 (13%) 16 

3. K a o l i n i t e 3 (16%) 8 (42%) 8 (42%) 19 

Some general conclusions may be drawn from these r e s u l t s . Only 

42 of the 67 samples, or 63%, correspond s t a t i s t i c a l l y to t h e i r assigned 

groups, consequently one may conclude that these a l t e r a t i o n a s s o c i a t i o n s 

cannot r e l i a b l y d i s c r i m i n a t e between p y r i t e s . S e r i c i t e - a s s o c i a t e d 

p y r i t e s show the greatest tendency (81%) to group as assigned. By 

c o n t r a s t , only 42% of the samples assigned to the k a o l i n i t e group are 

r e t a i n e d . R e l a t i v e l y few samples are r e l e g a t e d to the K - f e l d s p a r t e s t 

group from assigned s e r i c i t e or k a o l i n i t e groups. I t i s apparent that 

p y r i t e s from enveloped v e i n s , e i t h e r K - f e l d s p a r or s e r i c i t e , tend to 

group together to a greater degree than p y r i t e s l a c k i n g a l t e r a t i o n 
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envelopes. Both K - f e l d s p a r and s e r i c i t e represent r e l a t i v e l y h i g h -

temperature d e p o s i t i o n a l environments, consequently these p y r i t e s 

might have concentrated minor elements that tend to be excluded from 

the p y r i t e l a t t i c e at lower temperature. I n t h i s manner, c h a r a c t e r i s ­

t i c " s u i t e s " of minor elements may be p r e f e r e n t i a l l y acquired by 

higher temperature p y r i t e s . 

The second d i s c r i m i n a n t a n a l y s i s t r i a l i s designed to t e s t the 

v a l i d i t y of p y r i t e groupings on the b a s i s of three b r o a d l y - d e f i n e d 

zones of dominant a l t e r a t i o n throughout the mine area. Boundaries 

of the a l t e r a t i o n zones are superimposed on a sample p l a n , separating 

p y r i t e specimens i n t o 3 groups ( F i g . 7-7). The t e s t groups i n c l u d e 

29 p y r i t e s from the K - f e l d s p a r zone, 26 p y r i t e s from the k a o l i n i t e 

zone, and 12 p y r i t e s from the s e r i c i t e - p y r i t e zone. Results of d i s ­

criminant a n a l y s i s of these assigned groupings are given i n Table 7-4: 

Table 7-4 

D i s c r i m i n a n t A n a l y s i s of A l t e r a t i o n Zones: 1 

Test Groupings 
Assigned 

Zone 1. K - f e l d s p a r 2. K a o l i n i t e 3. 
S e r i c i t e 
+ py-

Assigned 
T o t a l 

1. K - f e l d s p a r 22 (76%) 6 (21%) 1 ( 3%) 29 

2. K a o l i n i t e 2 ( 8%) 19 (73%) 5 (19%) 26 

3. S e r i c i t e -
P y r i t e 

2 (17%) 1 ( 8%) 9 (75%) 12 

The r e s u l t s show that 50 of the 67 samples, or 75%, correspond to 

t h e i r assigned group. A l l three assigned zones have e s s e n t i a l l y the 

same degree of c o r r e l a t i o n (75%) to the t e s t groupings. These r e s u l t s 
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are markedly d i f f e r e n t from the f i r s t t r i a l of p y r i t e - a l t e r a t i o n 

envelope assemblage groups, i n d i c a t i n g that the Endako p y r i t e s are 

more v a l i d l y grouped by a l t e r a t i o n zones than by i n d i v i d u a l a l t e r a t i o n 

a s s o c i a t i o n s . 

The K - f e l d s p a r t e s t zone i n t h i s i n s t a n c e , l i k e the K - f eldspar 

t e s t assemblage i n the f i r s t t r i a l , i s r e l e g a t e d fewest samples from 

other groups. K - f e l d s p a r appears to be the most s i g n i f i c a n t , a l t e r a ­

t i o n assemblage from the standpoint of c o n c e n t r a t i o n of minor elements 

i n a s s o c i a t e d p y r i t e . 

I n 9 of 17 cases, samples that are r e j e c t e d from the assigned 

a l t e r a t i o n zone have i n d i v i d u a l a l t e r a t i o n a s s o c i a t i o n s corresponding 

to that of t h e i r newly-assigned group. I f the i n d i v i d u a l a l t e r a t i o n 

a s s o c i a t i o n s d i d not i n f l u e n c e the t e s t groupings, a c o r r e l a t i o n c l o s e r 

to 1/3 would be expected. 

The v a l i d i t y of the t e s t groups i n the second t r i a l i s t e s t e d by 

re-grouping the data as d i r e c t e d by d i s c r i m i n a n t a n a l y s i s , and running 

i t through the computer again. For example, samples r e j e c t e d from the 

K - f e l d s p a r zone and r e l e g a t e d to the s e r i c i t e - p y r i t e zone are grouped 

w i t h the l a t t e r . The r e s u l t s of the t h i r d t r i a l are given i n Table 7-5. 

Table 7-5 

D i s c r i m i n a n t A n a l y s i s of A l t e r a t i o n Zones: I I 

Test Groupings 
Assigned 
Zone 1. K - f e l d s p a r 2. K a o l i n i t e 3. 

S e r i c i t e 
+ Py. 

Assigned 
T o t a l 

1. K - f e ldspar 24 (96%) 1 ( 4%) 0 25 
2. K a o l i n i t e 0 24 (92%) 2 ( 8%) 26 
3. S e r i c i t e -

P y r i t e 
1 ( 6%) 0 15 (94%) 16 
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As expected, the assigned groups correlate very well (94%) with 

the test groups. A l l four samples rejected from the T r i a l 3 test 

groups had the lowest probabilities of membership in their previous 

respective test groups. Rejection of these samples in this t r i a l is 

due to redefinition of the discriminant functions by the newly assigned 

groups. Consequently, samples having the lowest probability of 

belonging to the assigned group are reassigned. 

The groups defined in this discriminant analysis t r i a l represent 

a s t a t i s t i c a l l y sound classification, based on spectrochemical analyses 

of samples. In this respect, the close correspondence between the 

configurations of these groups and alteration zones bears comment. 

The tri p a r t i t e division of alteration zones into elongate groups 

parallel to a significant minor element trend permits a natural clas­

sification of the zones based upon an inherent gradient in minor 

elements. The concordance of the Sn quadratic surface, representing 

a significant minor element trend, with alteration zones defined both 

geologically and by discriminant analysis (Fig. 7-8) shows the marked 

parallelism of zonation i n minor elements and alteration. 

Although discriminant classification of alteration associations 

does not correlate to assigned groups to the same degree as does a 

classification of alteration zones, the relationship of minor elements 

in pyrite to alteration environment is not fortuitous. The inter­

relationship i s evident in the concordance of "high-temperature" minor 

elements and "high-temperature" alteration assemblages. Both the 

accommodation of minor elements by pyrite and the development of alter­

ation minerals have zonal expressions of regional extent that reflect 

similar hydrothermal histories. 
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(6) Factor A n a l y s i s 

The foregoing s t a t i s t i c a l treatments of p y r i t e spectrochemical data 

are attempts to r e v e a l inherent geochemical trends. These trends may be 

d i r e c t l y r e l a t a b l e to g e o l o g i c a l c a u s a t i v e f a c t o r s , thus p r o v i d i n g inform­

a t i o n on the hydrothermal system. Trend a n a l y s i s has defined s e v e r a l 

s i g n i f i c a n t minor element trends. However, trend a n a l y s i s deals w i t h only 

one v a r i a b l e at a time, and surfaces must be superimposed or otherwise 

p h y s i c a l l y compared to i l l u s t r a t e i n t e r a c t i o n of v a r i a b l e s . D i s c r i m i n a n t 

a n a l y s i s i s a m u l t i v a r i a t e technique i n that a l l v a r i a b l e s are used to 

e s t a b l i s h d i s c r i m i n a n t f u n c t i o n s . D i s c r i m i n a n t a n a l y s i s defined ao.group 

but not i t s c h a r a c t e r i s t i c s . That i s , the method does not s p e c i f y the 

p r i n c i p a l v a r i a b l e s i n any group. Consequently, the g e o l o g i c a l s i g n i f i ­

cance of groups c l a s s i f i e d by d i s c r i m i n a n t a n a l y s i s may be u n c l e a r . 

Factor a n a l y s i s i s a m u l t i v a r i a t e a n a l y t i c a l technique that combines 

v a r i a b l e s i n t o new fundamental q u a n t i t i e s ( f a c t o r s ) fewer i n number than 

the measured v a r i a b l e s , and a l s o s p e c i f i e s the r e l a t i v e weighting of each 

o r i g i n a l v a r i a b l e i n the new v a r i a b l e . I t i s p o s s i b l e to express the 

o v e r a l l v a r i a b i l i t y i n data i n terms of these f a c t o r s , thus p r o v i d i n g a 

method of r e l a t i n g minor element v a r i a t i o n s to p o s s i b l e g e o l o g i c a l causes. 

V i s u a l i n t e r p r e t a t i o n of complex multielement data may serve to recog­

n i z e only the obvious f e a t u r e s , l e a v i n g s u b t l e though s i g n i f i c a n t aspects 

undetected. I n t e r p r e t a t i o n of these p y r i t e spectrochemical data re q u i r e s 

c o n s i d e r a t i o n of s e v e r a l p o s s i b l e g e o l o g i c a l c o n t r o l s , i n c l u d i n g the physico-

chemical environment of d e p o s i t i o n (P, T, K /H , composition of host rock, 

e t c . ) ; the p e r m e a b i l i t y of the orebody ( s i z e , d e n s i t y and d i s t r i b u t i o n of 

f r a c t u r e s , source of hydrothermal f l u i d s and net d i r e c t i o n of f l o w ) ; and 
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the assemblage of c o e x i s t i n g minerals among which minor elements could be 

p a r t i t i o n e d . The end r e s u l t of the i n t e r a c t i o n of these p o s s i b l e causes 

of minor element d i s t r i b u t i o n i s measurable, but the r o l e s of the v a r i o u s 

c o n t r o l s remains obscure. Factor a n a l y s i s can separate the minor element 

v a r i a t i o n s r e l a t e d to d i f f e r e n t g e o l o g i c a l causes ( f a c t o r s ) and hence per­

mit a more thorough i n t e r p r e t a t i o n . 

(a) Method 

Two methods of f a c t o r analyses were used i n t h i s study. R-mode 

f a c t o r a n a l y s i s s t u d i e s the i n t e r c o r r e l a t i o n s between the v a r i a b l e s 

determined on each sample. Q-mode a n a l y s i s e s t a b l i s h e s the i n t e r -

c o r r e l a t i o n s of the samples themselves. The important d i s t i n c t i o n 

between the methods i s evident i n t h e i r a p p l i c a t i o n : i f a comparison 

of samples i s d e s i r e d , w i t h the o b j e c t i v e of proposing new sample s i t e s , 

then Q-mode analyses should be c a r r i e d out; R-mode analyses would i n 

t h i s case draw a t t e n t i o n to v a r i a b i l i t y i n the measured p r o p e r t i e s and 

would be of use i n a new area where the s i g n i f i c a n c e of v a r i a t i o n s i s 

not c l e a r l y understood. 

The method of R-mode f a c t o r a n a l y s i s may be best explained w i t h 

a simple example. Consider that Co and N i have been determined i n rocks 

ranging i n composition from a c i d i c to b a s i c . Cobalt minerals are 

ass o c i a t e d w i t h g r a n i t e and n i c k e l minerals w i t h gabbro. We may wish 

to i d e n t i f y areas where the Co and N i patterns are r e l a t e d to m i n e r a l ­

i z a t i o n i n an area where the rock background values vary c o n s i d e r a b l y . 

I f maps of the two elements are p l o t t e d , each w i l l c o n t a i n only 50% of 

the i n f o r m a t i o n and there w i l l be redundancy i n data r e l a t i n g to the 

va r i o u s rock u n i t s . A Co:Ni r a t i o p l o t contains 100% of the i n f o r m a t i o n , 
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but the expected range of Co :Ni r a t i o s has to be determined f o r each 

rock type before i n t e r p r e t a t i o n can proceed. 

A Co:Ni covariance p l o t ( F i g . 7-9) expresses the degree to which 

the two v a r i a b l e s tend to be l i n e a r l y r e l a t e d . The covariance may be 

expressed i n terms of two new axes whose mutual o r i g i n i s the Co and 

N i mean. The major a x i s F^ i s the best l i n e of f i t to data as computed 

by the method of l e a s t squares. The second a x i s F^ i s placed at r i g h t 

angles to F^ through the o r i g i n . F^ may c o n t a i n 85%, of the t o t a l data 

va r i a n c e and F^ the remaining 15%. Values along F^ w i l l d e s c r i b e any 

sample w i t h i n the compositional f i e l d of g r a n i t e to gabbro, and values 

along F^ w i l l d escribe any v a r i a t i o n s from t h i s s h i f t i n g background 

s c a l e . F^ and now d e s c r i b e the data i n terms of the g e o l o g i c a l 

environment, i . e . F^ i s a changing background r e l a t e d to d i f f e r e n t 

rock u n i t s and F^ i s the presence of m i n e r a l i z a t i o n i n those u n i t s . 

This g r a p h i c a l process i s a c t u a l l y an R-mode f a c t o r a n a l y s i s where 

new l i n e a r combinations of data d e f i n e axes that r e l a t e to g e o l o g i c a l 

processes dominant i n the environment. 

The e s s e n t i a l steps i n the f a c t o r a n a l y s i s procedure as c a r r i e d 

out by the computer, are as f o l l o w s : 

( i ) The data are read i n t o the computer as a data m a t r i x i n e i t h e r 

Q- or R-mode. I f data are lognormally d i s t r i b u t e d , l o g a r i t h m i ­

c a l l y transforming the raw data w i l l y i e l d more meaningful s t a t i s ­

t i c a l r e s u l t s by s h i f t i n g the d i s t r i b u t i o n to a more normal or 

Gaussian form. 
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( i i ) Means and standard d e v i a t i o n s of the v a r i a b l e s are c a l c u l a t e d . 

Data f o r f a c t o r a n a l y s i s must be normalized to all o w f o r equal 

weighting of v a r i a b l e s w i t h ranges of d i f f e r e n t magnitudes. Data 

are normalized by s u b t r a c t i n g the mean and d i v i d i n g by the st a n ­

dard d e v i a t i o n . 

( i i i ) C o r r e l a t i o n c o e f f i c i e n t s are computed f o r each p a i r of v a r i a b l e s 

f o r the 67 Endako samples. A p e r f e c t sympathetic c o r r e l a t i o n 

y i e l d s a c o e f f i c i e n t of +1.0, a p e r f e c t a n t i p a t h e t i c c o r r e l a t i o n 

a c o e f f i c i e n t of -1.0, and a random r e l a t i o n s h i p a value of zero. 

A matri x of c o e f f i c i e n t s i n R-mode, between p a i r s of Endako v a r i ­

a b l e s , i s dimensionally 11 x 11. A comparable s i m i l a r i t y m a t r i x , 

the cos t h e t a m a t r i x f o r Q-mode a n a l y s i s , i s 67 x 67. The c o r ­

r e l a t i o n m a t r i x contains a l l the in f o r m a t i o n on the r e l a t i o n s h i p s 

between samples and/or v a r i a b l e s , but does not show these r e l a ­

t i o n s h i p s i n e a s i l y i n t e r p r e t a b l e form. Factor a n a l y s i s determines 

the minimum number of independent dimensions needed to account f o r 

most of the i n f o r m a t i o n i n a c o r r e l a t i o n m a t r i x . 

( i v ) Data v a r i a b i l i t y i s explained by e r e c t i n g a number of mutually 

orthogonal axes i n the mu l t i d i m e n s i o n a l data space. The sample 

po i n t s form a h y p e r - e l l i p s o i d i n n-dimensional space, the axes of 

which are c a l l e d f a c t o r s . In R-mode, the Endako data space i s 11-

dimensional, thus up to 11 axes may be placed mutually at r i g h t 

angles i n the space. Since the aim of f a c t o r analyses i s to 

s i m p l i f y the data, l e s s than 11 axes w i l l be chosen. The major 

and minor axes can be l o c a t e d by computing the eigenvalues and 

eigenvectors of the c o r r e l a t i o n m a t r i x , which are the roots of a 
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s e r i e s of p a r t i a l d i f f e r e n t i a l equations. By n o t i n g the number 

of axes r e q u i r e d to e x p l a i n most of the i n f o r m a t i o n , the minimum 

number of dimensions i n which to p o r t r a y the sample v e c t o r s i s 

determined. The p r o p o r t i o n of the o v e r a l l data v a r i a b i l i t y con­

ta i n e d i n each f a c t o r i s expressed by the magnitude of the eigen­

values. The percentage of t o t a l v a r i a n c e accounted f o r by each 

v e c t o r and the cumulative percentage of v a r i a n c e explained by 

suc c e s s i v e vectors i s c a l c u l a t e d , a l l o w i n g assessment of the 

s t a t i s t i c a l s i g n i f i c a n c e of successive v e c t o r s , and s e l e c t i o n of 

the optimum number of f a c t o r s . 

(v) Factor axes are l o c a t e d i n such a way as to maximize the v a r i a n c e 

along each a x i s . The loadings of each v a r i a b l e on each f a c t o r , 

i . e . the "composition" of the f a c t o r s i n terms of the o r i g i n a l 

v a r i a b l e s , i s determined from the eigenvectors i n the preceding 

step. The P r i n c i p a l Factor axes obtained can be d i f f i c u l t to 

i n t e r p r e t ; thus a f u r t h e r stage of m o d i f i c a t i o n i s c a r r i e d out. 

The p r i n c i p a l f a c t o r axes are ort h o g o n a l l y r o t a t e d (remaining 90° 

apart) about the o r i g i n . The axes are r o t a t e d by the Varimax 

C r i t e r i o n which has the e f f e c t of b r i n g i n g the p o s i t i o n of the 

p r i n c i p a l axes, as c l o s e as p o s s i b l e to that of the o r i g i n a l axes. 

Varimax r o t a t i o n c l a r i f i e s the f a c t o r s by g i v i n g only a few high 

loadings and a remainder of low l o a d i n g s , thus a i d i n g i n t e r p r e t a ­

t i o n . 

( v i ) The score f o r each sample on each of the f a c t o r s i s computed i n 

Q-mode a n a l y s i s . The r o t a t e d f a c t o r score m a t r i x gives the 

amounts of the "new" v a r i a b l e s ( f a c t o r s ) at each sample l o c a l i t y . 
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The Varimax f a c t o r m a t r i x , together w i t h the o r i g i n a l transformed 

data, are used to generate the f a c t o r scores which are expressed 

i n u n i t s of standard d e v i a t i o n s above and below the zero mean of 

the score. The d i s t r i b u t i o n of f a c t o r scores can be p l o t t e d , 

contoured and v i s u a l l y compared to other s p a t i a l l y - d i s t r i b u t e d 

g eologic data. 

A d e t a i l e d e x p l a n a t i o n of f a c t o r a n a l y s i s i s given by Imbrie and 

Van Andel (1964), and a s i m i l a r but more i n t u i t i v e e x p l a n a t i o n - i s given 

by Klovan (1968). Many examples of the g e o l o g i c a l a p p l i c a t i o n s of 

f a c t o r a n a l y s i s now appear i n the l i t e r a t u r e . The reader i s r e f e r r e d 

to a sedimentology example o f f e r e d by Klovan (1966), and a geochemical 

a p p l i c a t i o n given by G a r r e t t and N i c h o l (1969). 

(b) Results of R-mode A n a l y s i s 

R-mode f a c t o r a n a l y s i s was c a r r i e d out by a computer program 

developed by the U.C.L.A. Health Sciences Computing F a c i l i t y . 

The i n i t i a l steps i n the program are computation of means, s t a n ­

dard d e v i a t i o n s and c o r r e l a t i o n c o e f f i c i e n t s . A m a t r i x of the 

c o e f f i c i e n t s i s given i n Table 7-6. 
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Table 7-6 

R-mode C o r r e l a t i o n C o e f f i c i e n t M a t r i x 

Ag Ba B i Co Cu Mn N i Pb Sn Sr Zn 

: Zn .447 .202 .183 .028 .338 .177 .035 .137 .135 .213 1.0 

Sr .269 .513 .145 .086 .382 .494 .241 .128 .379 1.0 

Sn .245 -.067 .141 -.102 .185 .562 .679 .035 1.0 

Pb .400 .265 .421 .010 .346 .024 -.107 1.0 

N i .088 -.191 .071 .210 .136 .654 1.0 

Mn .404 -.047 .298 -.029 .212 1.0 

Cu .390 .323 .056 .286 1.0 

Co -.067 .152 -.217 1.0 

B i .294 .101 1.0 

Ba .101 1.0 

Ag 1.0 

From the c o e f f i c i e n t s i t i s evident that Ni-Mn-Sn, Pb-Ag-Zn and 

Ba-Sr i n t e r c o r r e l a t e s y m p a t h e t i c a l l y , and that Co v a r i e s a n t i p a t h e t i ­

c a l l y w i t h Sn, Mn and B i . 

Eigenvalues are de r i v e d from the c o r r e l a t i o n m a t r i x . The propor­

t i o n of the t o t a l v a r i a n c e contained i n each f a c t o r i s expressed by 

the magnitude of the eigenvalues. Eigenvalues and percentages of 

varia n c e explained by each are given i n Table 7-7. 
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Table 7-7 

R-mode Eigenvalues 
f 

No. Eigenvalue 
Percentage of 

Variance 
Cumulative % 
Of Variance 

1 3.207 29.1 29.1 

2 2.003 18.3 47.4 

3 1.453 13.2 60.6 

4 1.092 9.9 70.5 

5 .946 8.6 79.1 

6 .649 5.9 85.0 

7 .529 4.8 89.8 

8 .434 4.0 93.8 

9 .307 2.8 96.6 

10 .213 1.9 98.5 

11 .165 1.5 100.0 

The choice of the number of f a c t o r s to be used i s somewhat sub­

j e c t i v e . There i s a d i s t i n c t break i n the p a t t e r n of decreasing 

eigenvalues at No. 5, i n d i c a t i n g that only those f a c t o r s above the 

break be used. Furthermore, the eigenvalues above No. 5 are greater 

than u n i t y , i n d i c a t i n g they should be used i f there are u n i t i e s i n 

the diagonal of the c o r r e l a t i o n matrix (Harman, 1967). At t h i s stage 

i t appears d e s i r a b l e to use as many f a c t o r s as are necessary to e x p l a i n 

the i n t e r c o r r e l a t i o n s i n data, s i n c e the number of causative g e o l o g i c a l 

processes i s not yet known. A f i v e - f a c t o r model was chosen f o r the 

above reasons. 
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The loadings of each v a r i a b l e on to the f i v e f a c t o r s are computed 

then r o t a t e d by the Varimax c r i t e r i o n . Table 7-8 gives the normalized 

Varimax f a c t o r l o a d i n g s . 

Table 7-8 

R-mode Normalized Varimax Factor Loadings 

V a r i a b l e Factor I Factor I I Factor I I I Factor IV Factor V 

Ag .215 .004 .396 .022 .723* 

Ba -.198 .149 .134 .876* .066 

B i .182 -.273 .787* .031 .065 

Co .014 .921* -.092 -.001 -.074 

Cu .140 .527* .180 .370 .482 

Mn .839* -.062 .137 .112 .192 

N i .898* .227 -.061 -.102 -.050 

Pb -.105 .191 .843* .148 .160 

Sn .832* -.069 .036 .073 .106 

Sr .429 -.107 .031 .811* .152 

Zn .028 -.043 -.023 .118 .875* 

*major component of f a c t o r 

The f i r s t f a c t o r , accounting f o r 29% of the data v a r i a b i l i t y , i s 

predominantly a Mn-Ni-Sn a s s o c i a t i o n . I t was noted p r e v i o u s l y that 

these three elements y i e l d e s s e n t i a l l y i d e n t i c a l trend surfaces that 

i n d i c a t e c o n c e n t r a t i o n over the orebody. Consequently Factor I i s 

presumed to be an "orebody" f a c t o r , r e l a t e d to molybdenite d e p o s i t i o n . 

The second f a c t o r i s e s s e n t i a l l y a Co and Cu a s s o c i a t i o n that 

accounts f o r a f u r t h e r 18% of the t o t a l v a r i a n c e . The c o n c e n t r a t i o n 
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of Co and Cu highs over the p y r i t e zone i n d i c a t e s that Factor I I i s 

r e l a t e d to a m i n e r a l i z i n g process d i s t i n c t from that which occurred 

w i t h i n the orebody. 

Factor I I I i s a Pb-Bi-minor Ag a s s o c i a t i o n that accounts f o r some 

13% of the t o t a l v a r i a n c e . B i s m u t h i n i t e i s ass o c i a t e d w i t h K - f e l d s p a r 

a l t e r a t i o n , and Pb values i n p y r i t e are highest south of the p y r i t e 

zone. The f a c t o r may r e f l e c t m i n e r a l i z i n g processes that gave r i s e 

to p e r i p h e r a l concentrations of B i , Pb and p o s s i b l y Ag, i n p y r i t e . 

The f o u r t h f a c t o r , accounting f o r some 10% of the data v a r i a n c e , 

i s a Ba-Sr a s s o c i a t i o n . The two elements i n t e r c o r r e l a t e s i g n i f i c a n t l y 

but do not vary s y s t e m a t i c a l l y over the deposit . Few q u a n t i t a t i v e 

data are a v a i l a b l e on Ba and Sr i n p y r i t e ( F l e i s c h e r , 1955). Hawley 

(1952) found marked v a r i a t i o n of the Ba and Sr contents of p y r i t e s 

from d i f f e r e n t host rocks, and r e l a t e d most Ba and Sr i n p y r i t e to 

i n c l u s i o n s . The replacement of a l k a l i ions i n f e l d s p a r s by Ba and Sr 

probably accounts f o r most of the 300 ppm Ba and 220 ppm Sr i n Endako 

Quartz Monzonite (Wertz, pers. comm., 1970), and the subsequent con­

tamination of p y r i t e by admixed or in c l u d e d f e l d s p a r g r a i n s . Factor 

IV i s best r e l a t e d to contamination r a t h e r than to any chemical or 

g e o l o g i c a l process. 

Factor V i s p r i n c i p a l l y Ag and Zn, but a l s o c o n s i s t s of minor 

c o n t r i b u t i o n s from Cu, Mn, Pb, Sn and Sr. This f a c t o r may represent 

one or a combination of s e v e r a l e f f e c t s : (1) minor elements r e l e a s e d 

from country rock during a l t e r a t i o n and m e t a l i z a t i o n , and incorporated 

i n p y r i t e s ; (2) contamination by in c l u d e d and admixed country rock; 

and (3) p e r i p h e r a l concentrations of these elements, and/or l a t e - s t a g e 
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low-temperature m i n e r a l i z a t i o n . Somewhat s i m i l a r e f f e c t s would be 

obtained by a l l the above processes. 

The e r r a t i c d i s t r i b u t i o n s of the p r i n c i p a l components of Factors 

I I I , IV and V are c o n s i s t e n t w i t h a w a l l rock contamination hypothesis 

r a t h e r than a more systematic g e o l o g i c a l c o n t r o l . The s i g n i f i c a n c e of 

the v a r i o u s f a c t o r s i s f u r t h e r c l a r i f i e d by the f o l l o w i n g Q-mode f a c t o r 

a n a l y s i s treatment. 

(c) R e sults of Q-mode A n a l y s i s 

Q-mode f a c t o r a n a l y s i s was c a r r i e d out i n i t i a l l y by a computer 

program developed by the U.C.L.A. Health Sciences Computing F a c i l i t y . 

An improved Q-mode program, developed by S i n c l a i r and Wilson of the 

Department of Geology at the U n i v e r s i t y of B r i t i s h Columbia, was used 

f o r a l l subsequent runs. 

I n i t i a l l y , a comparison was made between raw and l o g a r i t h m i c a l l y 

transformed data by computing Q-mode f a c t o r s from both data s e t s . 

G e n erally s i m i l a r f a c t o r s were obtained, w i t h the order and composition 

of the f a c t o r s d i f f e r i n g s l i g h t l y ; The d i f f e r e n c e i n r e s u l t s i s due 

mainly to the g r e a t e r v a r i a n c e shown by untransformed v a r i a b l e s . A 

Chi-square t e s t p o i n t s up t h i s d i s t i n c t i o n between the two data f o r ­

mats, and a l s o shows that the v a r i a b l e s Pb, Zn and B i are the l e a s t 

l i k e l y to vary s y s t e m a t i c a l l y i n e i t h e r format. In these t r i a l s , as 

i n previous s t a t i s t i c a l analyses, the l o g a r i t h m i c a l l y transformed data 

y i e l d s s u p e r i o r r e s u l t s , due mainly to the log-normal d i s t r i b u t i o n of 

most geochemical v a r i a b l e s . 
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The correlation coefficient matrix in Q-mode is derived by rank­

ing the variables from each sample successively against their counter­

parts in a 67 x 67 array. To save computer time, neither this lengthy 

matrix nor the derived eigenvector matrix i s printed out. The program 

prints out the following matrices for the f i r s t set of seven factors, 

accounting for 99.1% of the total variance: factor matrix; factor 

scores matrix; Varimax factor matrix; and Varimax factor scores matrix. 

The Varimax factor matrix gives communality values greater than 

.96 for a l l 67 samples with the f i r s t group of 7 factors. The commu­

nality expresses the percentage of the variance on that sample 

explained by a l l 7 factors. Samples whose variance i s not adequately 

explained by the factors would show anomalously low communalities. 

The amount of each factor is given, in standard deviation form, for 

every sample site. With this matrix, the distribution of the factors 

can be mapped. 

Varimax factor scores give the standarized scores (either + or -) 

of each variable on every factor. Rotated factors generally have only 

a few high loadings, which allows one to readily identify the principal 

components of the factors. A factor can thus be interpreted according 

to the geological significance of those variables. 

The program successively drops off the last factor and recalculates 

the loadings of the remaining factors. In this manner the seventh 

factor, accounting for only 0.89% of the total variance, is dropped and 

a new 6-factor Varimax factor matrix and Varimax factor score matrix 

are printed out. 



287. 

The s i x t h f a c t o r i s then dropped and the process i s repeated 

again. A f t e r computation of 5 f a c t o r s , the computer p r i n t s out f a c t o r 

score maps f o r each f a c t o r . Hand-contouring of these f a c t o r score 

values shows the a r e a l d i s t r i b u t i o n of the f a c t o r s . 

The process i s repeated s u c c e s s i v e l y u n t i l f a c t o r scores have 

been de r i v e d and p l o t t e d f o r only 2 f a c t o r s . The successive Varimax 

f a c t o r components, w i t h corresponding v a r i a n c e percentages, are given 

f o r the seven-factor model through to the two-factor model i n Table 

7-9. 

(d) I n t e r p r e t a t i o n 

(1) Choice of F a c t o r s : 

The choice of a 3-f a c t o r model was i n f l u e n c e d by the f o l l o w ­

i n g o bservations: 

( i ) I n the f i r s t f i v e s u ccessive computations, from seven f a c t o r s 

down to a t h r e e - f a c t o r model, the f i r s t three f a c t o r s are 

r e t a i n e d e s s e n t i a l l y unchanged (Table 7-9). 

( i i ) The components of the three Q-mode f a c t o r s are i d e n t i c a l w i t h 

those of the f i r s t three R-mode f a c t o r s , showing that the 

samples i n t e r c o r r e l a t e i n the same way as the v a r i a b l e s . The 

composition of the 3 Q-mode f a c t o r s i s given i n the Q-mode 

Varimax f a c t o r scores: Table 7-10. 
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2 8 8 . 

Successive Q-mode Varimax Factor Components 

Factor Components % of v a r . Factor Components % of 

F l Mn, N i , Sn 4 8 . 4 4 F l N i , Mn, Sn 4 7 . 0 8 

F 2 
-Co, -Cu (-Ba) 2 0 . 6 6 

F 2 
-Co,-Cu,-Ba,(-Sr) 2 1 . 2 7 

F 3 
- B i , -Pb 2 4 . 4 3 

F 3 
- B i , -Pb 2 5 . 5 1 

F 4 
-Ag 1 . 9 8 

F 4 
-Ag 1 . 9 9 

F 5 
B i , -Pb 1 . 8 7 

F 5 
-Pb-Sn, B i 1 . 7 9 

F 6 
-Sn,-Zn,(Co,Mn) . 8 3 9 7 . 6 4 

F 7 
Mn,-Ni,-Sn . 8 9 

9 9 . 1 0 Cum. F l N i , Sn, Mn 4 6 . 4 2 

**** 
F 2 

-Co,-Cu,-Ba,(-Sr) 2 0 . 8 3 

F 3 
- B i , -Pb 2 7 . 2 3 

F l N i , Mn, Sn 4 7 . 3 9 
F 4 

-Ag, +Bi 1 . 9 5 

-Co,-Cu (-Ba, 2 0 . 9 1 9 6 . 4 4 
z -Zn) 

F 3 
- B i , -Pb 2 4 . 9 6 

F 4 
-Ag 1 . 9 9 F l N i , Mn, Sn 5 0 . 4 3 

F 5 
-Pb, +Bi 2 . 2 4 

F 2 
-Co,-Cu -Ba 2 1 . 6 3 

F 6 Mn, -Sn . 9 6 
F 3 

- B i , -Pb 2 2 . 6 2 

9 8 . 4 5 Cum. 9 4 . 6 8 

F l Mn,Bi,Sn,Ni 5 6 . 5 9 

F 
9 

-Co,-Cu-Ba, 3 4 . 9 8 
(-Zn-Sr) 

9 1 . 5 7 
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Table 7 - 1 0 

Q-mode Varimax Factor Scores 

V a r i a b l e Factor I Factor I I Factor I I I 

Ag 0 . 1 4 8 - 0 . 0 3 5 - 0 . 8 7 3 

Ba 0 . 2 4 2 - 1 . 2 4 3 - 0 . 4 8 9 

B i 0 . 0 0 1 1 . 0 0 3 - 2 . 3 1 7 * 

Co 0 . 6 6 5 - 1 . 8 1 8 * - 0 . 2 6 7 

Cu 0 . 6 3 0 - 1 . 5 3 7 * - 0 . 5 8 9 

Mn 1 . 6 7 1 * 0 . 9 0 4 - 0 . 3 7 4 

N i 1 . 8 7 8 * 0 . 4 6 6 0 . 2 8 5 

Pb - 0 . 6 9 4 0 . 1 5 0 - 1 . 8 8 7 * 

Sn 1 . 6 5 8 * 0 . 6 1 7 0 . 0 2 5 

Sr 0 . 5 2 7 - 0 . 7 7 6 - 0 . 3 3 1 

Zn 0 . 5 0 3 - 0 . 8 5 4 - 0 . 5 7 1 

Variance % 5 0 . 4 3 2 1 . 6 3 2 2 . 6 2 

Cum.Var. % 5 0 . 4 3 7 2 . 0 5 9 4 . 6 7 

* p r i n c i p a l component of f a c t o r 

( i i i ) Three Q-mode f a c t o r s e x p l a i n a high p r o p o r t i o n (94 .67%) of 

t o t a l v a r i a n c e . The a d d i t i o n of a f o u r t h f a c t o r accounts 

f o r only an a d d i t i o n a l 1 . 7 6 % of the v a r i a b i l i t y . The curve 

of cumulative v a r i a n c e v s . number of f a c t o r s ( F i g . 7 - 1 0 ) 

shows a marked change i n slope at 3 f a c t o r s i n d i c a t i n g that 

t h i s i s the minimum number of axes r e q u i r e d to adequately 

e x p l a i n the data v a r i a b i l i t y . 
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The normalized Varimax f a c t o r component p l o t s f o r Q-mode 

f a c t o r s I , I I and I I I are hand-contoured i n F i g s . 7-11, 7-13 and 

7-14. The f a c t o r components f o r a l l 67 samples are given i n 

Appendix 6. The maps show a marked se p a r a t i o n of f a c t o r s I and 

I I over the ore zone and p y r i t e zone, r e s p e c t i v e l y . 

(2) Factor I ; 

Scores on f a c t o r I (Mn, N i , Sn) are d i s t r i b u t e d i n a w e l l -

defined high i n s i d e the 0.7 i s o p l e t h that c o i n c i d e s c l o s e l y w i t h 

the periphery of the open p i t ( F i g . 7-11). W i t h i n the 0.7 i s o ­

p l e t h s e v e r a l 0.8 + highs occur o r i e n t e d along the c e n t r a l a x i s 

of the orebody. High f a c t o r I scores extend westward along v e i n 

zones i n the western extension and Denak zone, and southeastward 

over low grade ore outside the present p i t l i m i t s . Factor I 

scores d i m i n i s h g r a d a t i o n a l l y outwards to the south. 

As i n d i c a t e d w i t h trend surfaces and R-mode a n a l y s i s , the 

f a c t o r I Mn-Ni-Sn a s s o c i a t i o n i s uniquely r e l a t e d to the molyb­

denite d e p o s i t . The conce n t r a t i o n of high f a c t o r I scores along 

the a x i s of the orebody, and t h e i r p r o g r e s s i v e diminishment south-

westward away from the centre of molybdenite d e p o s i t i o n shows 

that a r e l a t i o n s h i p e x i s t s between abundance of molybdenite and 

abundance of the minor elements Mn, N i and Sn i n p y r i t e . 

The zonation of the f a c t o r I elements Mn, N i and Sn i s 

be l i e v e d to be due mainly to thermal g r a d i e n t s . A l l three e l e ­

ments a r e , to a degree, temperature s e n s i t i v e i n the extent of 

t h e i r s u b s t i t u t i o n i n the p y r i t e l a t t i c e (see F l e i s c h e r , 1955). 
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N i c k e l : 

An isomorphous s o l i d - s o l u t i o n s e r i e s between p y r i t e and i t s 

i s o s t r u c t u r a l Ni-analogue v a e s i t e contains a h i a t u s at 60%-

90% NiS^ that gives way to continuous s o l i d s o l u t i o n above 

700°C (Klemm, 1965). The temperature dependence of a major 

component s o l i d - s o l u t i o n s e r i e s may not be d i r e c t l y a p p l i ­

cable to Endako p y r i t e s w i t h a low N i content, averaging 50 

ppm. However, Klemm's experimental data show that the p y r i t e 

l a t t i c e more r e a d i l y accepts N i at elevated temperatures, 

i n d i c a t i n g that even minor amounts of a v a i l a b l e N i would be 

p r e f e r e n t i a l l y concentrated i n highest temperature p y r i t e . 

Hawley (1952) found t h a t the N i content was s l i g h l y higher 

i n high temperature p y r i t e s , whereas G a v e l i n and G a b r i e l s o n 

(1947) found l i t t l e or no e f f e c t of temperature of formation. 

Auger (1941) and Hawley (op. c i t . ) found no systematic trend 

i n v a r i a t i o n of N i content of p y r i t e w i t h depth i n seven 

Canadian gold mines. Hegemann (1943) shows that i n "high 

temperature" hydrothermal p y r i t e Co predominates over N i , 

and Co:Ni r a t i o s average 10 to 30 as compared to around 1 

f o r "low temperature" hydrothermal p y r i t e . Hegemann's 

temperature ranges apparently are based on m i n e r a l assemb­

lages . The Endako average Co:Ni r a t i o i s 4.6 ( F i g . 7-12). 

Numerous examples i n the l i t e r a t u r e show that N i i n hydro-

thermal p y r i t e f r e q u e n t l y i s more abundant and always more 

v a r i a b l e than i n p y r i t e from other types of d e p o s i t s . Few 

q u a n t i t a t i v e data are a v a i l a b l e on N i contents of p y r i t e 
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from porphyry-type d e p o s i t s . P r i c e (1971), i n a current 

U n i v e r s i t y of B r i t i s h Columbia M.Sc. t h e s i s study of minor 

elements i n p y r i t e , has compared s t a t i s t i c a l l y data from 

Endako and four other western Canadian porphyry Cu-Mo 

deposits i n c l u d i n g Berg, Casino, Molymine and Tchentlo Lake. 

P r i c e has found that the N i and Co contents of a l l types of 

hydrothermal p y r i t e s t u d i e d i n c l u d i n g the f i v e p o r p h y r i e s , 

can be r e l a t e d q u a l i t a t i v e l y to major metals i n the d e p o s i t . 

A common temperature of formation i s the most probable geo­

l o g i c a l c o n t r o l r e l a t i n g m i n e r a l assemblages and Co-Ni 

contents of p y r i t e from d i f f e r e n t types of d e p o s i t s . 

( i i ) Manganese: 

The m i n e r a l h a u e r i t e (MnS^) i s i s o s t r u c t u r a l w i t h p y r i t e . I n 

h a u e r i t e , the Mn d-electrons are i n the " h i g h - s p i n " s t a t e , 

l e a d i n g to i o n i c bonding compared to predominantly covalent 

bonding i n p y r i t e ( N i c k e l , 1970). Consequently only l i m i t e d 
+2 +2 

isomorphous s u b s t i t u t i o n of Mn f o r Fe occurs i n the 

p y r i t e l a t t i c e ( M i t c h e l l , 1968). The l i m i t s of isomorphous 

s u b s t i t u t i o n probably are l e s s than the 1% maximum Mn content 

of p y r i t e reported by F l e i s c h e r (op. c i t . ) but w i t h i n the 

range of Endako p y r i t e s , i . e . mean 54 ppm, maximum 240 ppm. 
+2 

I n t e r s t i t i a l s o l i d s o l u t i o n of the r e l a t i v e l y l a r g e Mn i o n , 
o 

whose octahedral covalent radius i s 1.55 A compared to 1.23 
o + 2 

A f o r Fe , may be encouraged by p y r i t e l a t t i c e expansion at 

high temperature. Temperature of formation, however, was 

found to produce no s i g n i f i c a n t trends i n the v a r i a t i o n of 
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the Mn content of pyrites studied by Auger (1941), Hawley 

(1952) and Gavelin and Gabrielson (1947). 

In the causes of mineral zoning, temperature i s believed 

secondary to relative s t a b i l i t i e s of ionic complexes by 

Barnes (1962). Mn forms the least stable complexes of the 

common ore minerals, i n order of decreasing s t a b i l i t y : 

Hg-Cd-Pb-Cu-Zn-Sn-Ni-Fe-Co-Mn 

which corresponds well to most mineral zoning sequences. 

Barnes notes that alabandite (MnS), a mineral not often seen 

i n nature, would represent the innermost zone of Mn, but the 

distr ibution of Mn also may be complicated by co-existing 

soluble sa l t s , such as the "outer zone" carbonate rhodo-

chrosite. 

A further complication i n the interpretation of Mn zoning 

is the p o s s i b i l i t y of Mn concentrating i n pyrite by adsorp­

tion on growing crystals , physical admixture of Mn-rich 

wall rock or mineral inclusions, and presence of tarnishes 

on pyri te . The last factor can be minimized by careful 

inspection, and adsorption and inclusion may be, to a limited 

degree, influenced by formation temperature. 

( i i i ) T i n : 

Mitchell (op. c i t . ) allows that a limited amount of Sn can 

substitute isomorphously for Fe i n pyri te . The extensive 

substitution of Sn for Fe, Cu and Zn in such tetrahedrally 
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coordinated minerals as s p h a l e r i t e and c h a l c o p y r i t e i s due 

to the i s o s t r u c t u r a l nature of s t a n n i t e . Extensive s u b s t i ­

t u t i o n of Sn f o r Fe i n p y r i t e i s u n l i k e l y due to d i s s i m i l a r 

i o n i c charges and covalent r a d i i . 

M i c r o s c o p i c i n c l u s i o n s of c a s s i t e r i t e and s t a n n i t e are a 

p o s s i b l e cause of r e l a t i v e l y h i g h Sn i n p y r i t e s from massive 

su l p h i d e and s t r a t i f o r m v o l c a n i c - e x h a l a t i v e d e p o s i t s . 

Hawley (op. c i t . ) r e l a t e d l o c a l "high temperature" a f f i n i t i e s 

f o r Sn mainly to w a l l rock and mineral contamination, and 

found most Sn v a r i a t i o n s i n p y r i t e to be non-systematic. Sn 

contamination i s u n l i k e l y to have occurred at Endako where 

no Sn minerals have been recognized, and the host rock 

contains an average of 2 ppm. Sn (Wertz, op. c i t . ) . 

The c o n c e n t r a t i o n of Sn i n hydrothermal p y r i t e may r e s u l t 

from the s u l p h e r i z a t i o n of m i n e r a l phases such as magnetite, 

i l m e n i t e and r u t i l e that p o t e n t i a l l y may concentrate a v a i l ­

able Sn. At Endako, magnetite i s deposited mainly i n e a r l y , 

Stage 1 K-feldspar-enveloped v e i n s . The correspondence of 

magnetite d i s t r i b u t i o n w i t h K - f e l d s p a r zonation supports the 

p o s s i b l e c o n c e n t r a t i o n of Sn i n s u l p h e r i z a t i o n p y r i t e . In 

t h i s case the Sn content of p y r i t e may be e i t h e r a d i r e c t or 

an i n d i r e c t r e s u l t of thermal g r a d i e n t s . 

(3) Factor I I : 

High scores on f a c t o r I I (Co and Cu) are d i s t r i b u t e d i n a 

d e f i n i t e zone i n s i d e the 0.8 and 0.7 i s o p l e t h s that o v e r l i e s the 
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pyrite zone almost exclusively (Fig. 7-13). Factor II scores 

diminish to the north and the south of this high. Factor II i s 

closely related to the peripherally-located pyrite zone or, 

y conversely, ahtipathetically related to the orebody. Some 

relationship probably exists between the abundance of the minor 

elements Co and Cu, and either the thermal history, chemical 

complexity or physical nature of the pyrite zone. 

(i) Cobalt; 

Like Ni, Co can be a major element in pyrite. Cattierite 

(CoS^) is isostructural with pyrite, but intermediate members 

of the isomorphous solid solution series are not abundant in 

nature. A CoS2~FeS2 solid solution series was synthesized 

by Klemm (1965), demonstrating that complete solid solution 

was possible at formation temperatures in the order of 400°C. 

Pyrite from epigenetic sulphide ore deposits generally con­

tains considerable amounts of Co, and has Co>Ni, but many 

exceptions exist. Co abundance in pyrites from a single 

deposit can vary widely, as i t does at Endako, but the Co 

content and the Co:Ni ratio appear to be characteristic of 

the individual, deposit (Hawley, 1952; Gavelin and Gabrielson, 

1947). Price (1971) has shown s t a t i s t i c a l l y that the Co-

contents of the porphyry Cu-Mo deposits Endako, Berg and 

Casino do not diffe r significantly from one.another. 

With an increase in s i l i c a during magmatic differentiation, 

the absolute Co and Ni contents of a rock decrease, but the 
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Co:Ni r a t i o i n c r e a s e s , i n d i c a t i n g that Co i s enriched r e l a ­

t i v e to N i i n the r e s i d u a l melt, i . e . n i c k e l i s accommodated 

i n e a r l y ferromagnesian minerals at a greater r a t e than Co. 

Endako Quartz Monzonite i s higher i n Co, at 7 ppm average, 

than the world geochemical average of 1 ppm f o r low-calcium 

g r a n i t e s (Goldschmidt, 1954). Endako p y r i t e i s high i n Co 

r e l a t i v e to other elements, w i t h a mean of 227 ppm and a 

maximum of 995 ppm. 

S u l p h u r i z a t i o n of C o - r i c h ferromagnesian minerals at Endako 

i s not b e l i e v e d r e s p o n s i b l e f o r high p e r i p h e r a l Co concen­

t r a t i o n s because the same argument supports a high N i content, 

which has been shown to drop o f f sharply over the p y r i t e zone. 

Furthermore, the host quartz monzonite, although r e l a t i v e l y 

C o - r i c h f o r that rock type, i s too low i n absolute Co content 

to c o n t a i n a Co- r i c h mafic phase. However, r e a c t i o n s may 

occur i n the v i c i n i t y of the p y r i t e zone that would a f f e c t 

the r e l a t i v e l y low s t a b i l i t y of a Co-transporting i o n i c 

complex (Barnes, 1962). Groundwater d i l u t i o n of hydrothermal 

f l u i d s at the outer l i m i t of stockwork f r a c t u r i n g may cause 

d e p o s i t i o n of Co and concomitant i n t e n s i f i c a t i o n of hydro-

l y t i c decomposition of w a l l rock to q u a r t z - s e r i c i t e - p y r i t e 

and k a o l i n i t e assemblages (Hemley and Jones, 1964). The 

r e s u l t would be a p e r i p h e r a l zone r e l a t i v e l y enriched i n 

p y r i t e , s e r i c i t e and Co compared to the molybdenite deposit 

on one s i d e and unmineralized rock on the other s i d e . The 

p y r i t e zone i s viewed as an ore zone - host rock i n t e r f a c e 

generated p r i n c i p a l l y by the c o o l i n g and d i l u t i o n of hydro-

thermal f l u i d s . 
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( i i ) Copper; 

Copper i s a common minor element i n hydrothermal p y r i t e . 

Carstens (1941) notes that p y r i t e of hydrothermal deposits 

g e n e r a l l y contains more.Cu than p y r i t e of sedimentary depo­

s i t s . M i t c h e l l (op. c i t . ) has recorded more extensive 

isomorphous s u b s t i t u t i o n of Cu than p r e v i o u s l y b e l i e v e d 

p o s s i b l e . The Cu and Fe e l e c t r o n i c c o n f i g u r a t i o n s , e l e c t r o ­

n e g a t i v i t i e s and e f f e c t i v e i o n i c r a d i i are r a t h e r d i s s i m i l a r , 

tending to i n h i b i t isomorphous s u b s t i t u t i o n . The d i f f i c u l t y 

i n d e t e c t i n g true isomorphous s u b s t i t u t i o n , i n cont r a s t to 

c h a l c o p y r i t e i n c l u s i o n or admixture, l i m i t s the usefulness 

of Cu i n p y r i t e research. 

The m a j o r i t y of Cu probably i s present i n p y r i t e e i t h e r as 

i n t e r s t i t i a l s u b s t i t u t i o n or as d i s c r e e t m i n e r a l i n c l u s i o n s . 

I n t e r s t i t i a l s o l i d s o l u t i o n of Cu would be encouraged by 

expansion of the p y r i t e l a t t i c e at elevated temperature. 

However, the i n c o m p a t i b i l i t y of excessive Cu i n the p y r i t e 

s t r u c t u r e would r e s u l t i n e x s o l u t i o n as c h a l c o p y r i t e on 

c o o l i n g , as occurs commonly i n Endako p y r i t e s . 

Copper i s d i s t r i b u t e d e r r a t i c a l l y i n Endako p y r i t e s . The 

C u - i n - p y r i t e d i s t r i b u t i o n can best be r e l a t e d to the occur­

rence of v e i n c h a l c o p y r i t e , r a t h e r than to a more systematic 

g e o l o g i c a l c o n t r o l . I n many cases, c h a l c o p y r i t e contaminates 

p y r i t e as small r a m i f y i n g v e i n l e t s and i n c l u s i o n s . Chalco­

p y r i t e occurs r e l a t i v e l y l a t e i n the Endako v e i n m i n e r a l 

sequence, mainly v e i n i n g and r e p l a c i n g minerals i n Stage 3 
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quartz-molybdenite v e i n s . The appearance of Cu as a r e l a ­

t i v e l y l a t e and p o s s i b l y low temperature phase w i t h i n the 

orebody supports the view that c oncentration of Cu wi t h Co 

i n the p y r i t e zone i s a fe a t u r e r e l a t e d mainly to f o r t u i t o u s 

Stage 3 f r a c t u r i n g , and i n d i r e c t l y to thermal g r a d i e n t s . 

S o l i d s o l u t i o n Cu, e x s o l u t i o n and i n c l u s i o n c h a l c o p y r i t e i n 

Endako p y r i t e a l l may r e s u l t from a r e l a t i v e l y l a t e pulse of 

Cu m i n e r a l i z a t i o n . . 

( i i i ) Barium-Strontium-Zinc; 

Ba and Sr are minor components of f a c t o r I I . The r o l e of 

these two elements was discussed p r e v i o u s l y under R-mode 

f a c t o r a n a l y s i s , where Ba and Sr comprise R-mode f a c t o r 4. 

As s t a t e d p r e v i o u s l y , Ba and Sr are not known to concentrate 

to any degree i n p y r i t e , and probably are present almost 

e n t i r e l y as contaminants from w a l l rock. 

Zn i s a t h i r d minor component of f a c t o r I I . Zn i s very 

e r r a t i c a l l y d i s t r i b u t e d over the orebody, and probably i s a 

n o n - s i g n i f i c a n t component of the f a c t o r . Hegemann (1941) 

regards Zn reported i n analyses of p y r i t e as a measure of 

the amount of admixed s p h a l e r i t e present, and probably very 

l i t t l e Zn i s present i n isomorphous s u b s t i t u t i o n . M i t c h e l l 

(1968) suggests that Zn f i l l s d efect s i t e s i n the p y r i t e 

l a t t i c e . 

M i c r o s c o p i c s t u d i e s and e l e c t r o n microprobe analyses of 

c h a l c o p y r i t e i n c l u s i o n s i n p y r i t e r e v e a l numerous minute 
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star-shaped e x s o l u t i o n bodies of s p h a l e r i t e ( P l a t e 5-12). 

Zn and Cu i n t e r c o r r e l a t e i n s t a t i s t i c a l a nalyses, i n d i c a t i n g 

the two elements may c o e x i s t e x t e n s i v e l y i n Endako p y r i t e . 

Thus the reasons c i t e d above f o r the appearance of Cu i n 

f a c t o r I I would apply a l s o to Zn. 

(4) F a c t o r I I I : 

Values f o r f a c t o r I I I ( B i , Pb, etc.) are l e s s coherently 

d i s t r i b u t e d than the scores of f a c t o r s I and I I . High scores on 

f a c t o r I I I f r i n g e the orebody on the n o r t h e a s t , f l a n k the p y r i t e 

zone on the south, and occur as i s o l a t e d highs i n the western ore' 

body ( F i g . 7-14). Factor I I I scores are low over the orebody and 

p y r i t e zone w i t h the lowest values d i s t r i b u t e d l i n e a r l y along the 

c e n t r a l a x i s of the orebody.. 

Factor I I I i s p r i n c i p a l l y B i and Pb, but a l s o c o n s i s t s of 

minor c o n t r i b u t i o n s from Ag, Ba, Cu, Mn, Sr and Zn. This f a c t o r 

may represent one or a combination of three e f f e c t s : (1) minor 

elements r e l e a s e d from country rocks during m e t a l l i z a t i o n and 

incorporated i n p y r i t e s ; (2) contamination of p y r i t e samples by 

admixed country rock and/or other contaminants; and (3) concen­

t r a t i o n of B i along the north s i d e of the K - f e l d s p a r zone and 

co n c e n t r a t i o n of Pb south of the p y r i t e zone. The apparent e r r a ­

t i c d i s t r i b u t i o n of f a c t o r I I I values over the area sampled i s 

c o n s i s t e n t w i t h a w a l l rock contamination process, but does not 

o f f e r proof. 
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High f a c t o r I I I scores and r e l a t i v e l y high B i values c o i n ­

cide i n a general way w i t h the K- f e l d s p a r zone, i n d i c a t i n g that 

B i may be concentrated i n K-feldspar-envelpped v e i n s . One example 

of a b i s m u t h i n i t e - b e r y l - K - f e l d s p a r a s s o c i a t i o n was found. 

S i m i l a r l y h i g h f a c t o r I I I scores and h i g h Pb and Ag values f l a n k 

the south s i d e of the sampled ar e a , i n a d i s t r i b u t i o n that sug­

gests l a t e r a l zonation of Pb and Ag. The non-systematic d i s t r i ­

b utions of B i and Pb data appear to preclude any s i g n i f i c a n t 

zonal trends,,and these apparently systematic d i s t r i b u t i o n s of 

f a c t o r I I I components probably l a c k s i g n i f i c a n c e . 

(e) Summary 

The obvious c o r r e l a t i o n of f a c t o r s I and I I to ore and p y r i t e zone 

r e s p e c t i v e l y , s t r o n g l y i m p l i e s that the f a c t o r s are r e l a t e d to m i n e r a l ­

i z i n g processes that gave r i s e to the two m i n e r a l o g i c a l l y d i s t i n c t 

zones. 

The c o n t r i b u t i o n of minor elements to p y r i t e s from host rock i s 

not a s i g n i f i c a n t f e a t u r e i n i n t e r p r e t i n g f a c t o r s I and I I . The main 

b a s i s f o r t h i s c o n c l u s i o n i s the uniform nature of the quartz monzonite 

host rock throughout both ore and p y r i t e zones. The main d i f f e r e n c e s 

between the two zones are found i n d i f f e r e n t proportions of the domi­

nant minerals p y r i t e and molybdenite, and the nature and i n t e n s i t y of 

w a l l rock a l t e r a t i o n . 

A l t e r a t i o n zoning, from dominant K - f e l d s p a r along the north s i d e 

of the orebody, through moderate i n t e n s i t y of k a o l i n i z a t i o n and s e r i -

c i t i z a t i o n , to weak a r g i l l i c a l t e r a t i o n i n the p y r i t e zone, suggests 
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decreasing temperatures of formation from the ore zone towards the 

south. Contemporaneity of alteration and mineralization implies simi­

lar temperature variations for sulphide deposition. 

Fluid inclusion studies support the proposed thermal gradient 

trend. The minimum temperatures of f i l l i n g for fl u i d inclusions in 

quartz range from above 500°C down to 380°C, corresponding to formation 

temperatures of the dominant potassic, s e r i c i t i c and a r g i l l i c altera­

tion assemblages i n the K-feldspar zone, orebody proper and pyrite 

zone, respectively. 

In view of the coincident mineral and thermal zoning, i t seems 

reasonable to interpret factors I and II as representing the two 

extremes of physical conditions under which pyrite and molybdenite 

were deposited. Factor I depositional processes are best related to 

a paramagmatic environment of dominant potassic alteration and rela­

tively high-temperature mineral assemblages. Highest factor I scores 

correspond to the K-feldspar zone, indicating that the hydrothermal 

"source" existed i n this area. 

Factor I scores diminish southward towards the high of factor II 

over the pyrite zone, which represents the outer limit of sulphide 

deposition from hydrothermal fluids originating within the orebody. 

The principal processes involved include (1) cooling of fluids mainly 

by groundwater dilution, but also by endothermic reactions, conduction 

and possibly boiling and/or throttling; and (2) increased hydrolysis 

of ore fluids by i n i t i a l dilution causing localized s e r i c i t i c altera­

tion. Kinetics of hydrothermal reactions are impeded by the reduction 
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i n temperature, consequently a l t e r a t i o n and sulphide d e p o s i t i o n t e r ­

minate at t h i s ore fluid-groundwater i n t e r f a c e . 

A l t e r n a t i v e i n t e r p r e t a t i o n s were considered f o r the f a c t o r s . 

D i f f e r e n t categories of p y r i t e may be i n v o l v e d i n f a c t o r s I and I I , 

such as v e i n or massive p y r i t e i n the orebody compared to p y r i t e 

disseminated i n w a l l rock i n the p y r i t e zone. Sampling techniques 

l a r g e l y e l i m i n a t e d any such d i s c r e p a n c i e s , and no obvious p a t t e r n i n 

p y r i t e data e x i s t s . D i f f e r e n t ages of p y r i t e undoubtedly occur, but 

only p y r i t e a s s o c i a t e d w i t h molybdenite was sampled thus l i m i t i n g the 

span to the ore d e p o s i t i o n p e r i o d . C o r r e l a t i o n s were attempted 

between p y r i t e s and t h e i r r e s p e c t i v e a l t e r a t i o n a s s o c i a t i o n s , but the 

trends detected r e l a t e d to the o v e r a l l zonal p a t t e r n of minor elements. 

These and other i n t e r p r e t a t i o n s of the f a c t o r s provide no systematic 

c o n t r o l s but present many i n c o n s i s t e n c i e s , and were consequently 

r e j e c t e d . 
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CHAPTER V I I I 

SUMMARY AND CONCLUSIONS 

A. PETROGENESIS 

The long a x i s of the b e l t of Topley I n t r u s i o n s i s o r i e n t e d some 15° to 

20° more westward than most of the northwest s t r u c t u r e s i n t h i s p a r t of the 

C o r d i l l e r a . The b a t h o l i t h f l a n k s and in t r u d e s the southwestern margin of a 

f l e x u r e i n the St u a r t Lake High, an elongate, fault-bounded b e l t of Cache 

Creek metamorphic rocks i n c e n t r a l B r i t i s h Columbia. This b e l t of Carboni­

ferous-Permian rocks was u p l i f t e d i n l a t e T r i a s s i c time along s t e e p l y - d i p p i n g 

p e r i p h e r a l f a u l t s that subsequently may have provided conduits f o r r i s i n g 

Topley magma. To the south and west of St u a r t Lake High, Topley rocks 

i n t r u d e v o l c a n i c and sedimentary rocks of the Takla-Hazelton Assemblage 

that were l a i d down i n t e r m i t t e n t l y i n Late T r i a s s i c to Middle J u r a s s i c time. 

The o l d e s t Topley u n i t , the Middle J u r a s s i c Simon Bay D i o r i t e Complex, 

i n c l u d e s rocks v a r i o u s l y c l a s s i f i e d as quartz d i o r i t e , d i o r i t e or gabbro. 

A n o r t h w e s t e r l y - t r e n d i n g chain of outcrops show primary f o l i a t i o n o r i e n t e d 

predominantly northwestward concordant w i t h the b a t h o l i t h i c trend. Although 

the outcroppings give l i t t l e i d e a of i t s form, the Simon Bay D i o r i t e Complex 

may be a s i n g l e mesozonal p l u t o n whose primary f o l i a t i o n r e f l e c t s pre­

e x i s t i n g s t r u c t u r a l c o n t r o l s upon i t s emplacement. 

The most abundant Topley rock type i s medium to coarse-grained, potash-

r i c h pink g r a n i t e and quartz monzonite. These Stage Two Topley plutons 

tend to be equidimensional, and i n a few exposures are seen to i n t r u d e 

d i o r i t e . The rocks g e n e r a l l y e x h i b i t no a l t e r a t i o n or i n t e r n a l deformation, 
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but possess textural and petrological characteristics of discordant epi­

zonal plutons. The Stage Two Topley rocks are closely grouped in radio­

metric age (137 - 141 m.y.) and represent a relatively short period of 

differentiation of the parental Topley magma, with enrichment i n s i l i c a 

and alkalies i n the youngest phases. 

Endako and Nithi Quartz Monzonites have the most basic composition of 

this group, and structural relations indicate they may be the oldest Stage 

Two phases. The early phases are succeeded by a family of coarse-grained 

pink quartz monzonites including the Glenannan pluton i n the map-area and 

the Tatin and Titan units to the north. The youngest Stage Two units, 

Casey Alaskite and Francois Granite, have pronounced epizonal characteris­

tics in common, as well as relatively acidic compositions. Both granite 

and alaskite probably were derived from a common residual magma enriched 

in s i l i c a and alkalies. The plutons probably were emplaced almost simul­

taneously as elongate dyke-like bodies flanking Endako Quartz Monzonite. 

The youngest intrusive rocks, defining Stage Three of Topley plutonism, 

include Stellako Quartz Monzonite and Granodiorite, and Fraser Quartz Mon­

zonite. These rocks are more calcic than their predecessors, and tend to 

transect the "grain" of older units. Mainly because of a similarly high 

content of mafic xenoliths, White (1970) provisionally correlates Carr's 

Triangle Quartz Monzonite with this group of young intrusions. 

Topley Intrusions are overlain by extensive andesitic and basaltic 

Endako Group flows of Eocene age. Related andesitic dykes traverse the map-

area, commonly following northwesterly-trending faults that are post-mineral 

structures i n Endako mine. 
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Potassium-argon d a t i n g by White, et a l ( I b i d . ) shows that the Stage 

Two rocks present a remarkable u n i f o r m i t y i n i s o t o p i c age, w i t h l l 8 samples 

t i g h t l y grouped about the mean of 138 m.y. Dating of hydrothermal b i o t i t e 

at Endako mine (White, et a l , 1968) shows the orebody to be e s s e n t i a l l y the 

same age as the host Endako Quartz Monzonite. D i o r i t i c rocks i n the same 

area are at l e a s t 17 m.y. o l d e r than the f a m i l y of pink quartz monzonites, 

and F r a s e r Quartz Monzonite i s 27 m.y. younger. The r a d i o m e t r i c dates may 

imply e i t h e r one p r o t r a c t e d and i n t e r m i t t e n t magmatic event, or three 

separate and u n r e l a t e d events ( I b i d . ) . 

B. STRUCTURE 

The s t r u c t u r a l s e t t i n g of the Endako area i s one of p l u t o n i c elonga­

t i o n under r e g i o n a l s t r e s s . Axes of open f o l d s i n the o l d e s t rock u n i t , 

the Takla-Hazelton Assemblage south of F r a s e r Lake, trend uniformly n o r t h ­

westward whereas f o l d s i n younger o v e r l y i n g flows do not show t h i s trend. 

Oldest Topley d i o r l t e s are f o l i a t e d p a r a l l e l to the r e g i o n a l northwest 

trend of the u n i t , and younger Topley quartz monzonite bodies show a general 

west-northwest e l o n g a t i o n i n the Endako area. South of Francois Lake, 

l a r g e , s t e e p l y - d i p p i n g conjugate shears trending north and northeast i n d i ­

cate that these r e l a t i v e l y o l d rocks underwent r e g i o n a l N 22° E compression. 

The concordance of northwest s t r u c t u r a l trends w i t h i n Topley B a t h o l i t h , the 

p a r a l l e l i s m of t h i s trend w i t h that of f o l d axes i n o l d e r Takla-Hazleton 

rocks to the south, and conjugate f a u l t evidence of a north-northeast com­

p r e s s i o n a l a x i s support the view that the Topley I n t r u s i o n s were emplaced 

as elongate bodies normal to a r e g i o n a l NNE compression. 

S e v e r a l f a u l t s of r e g i o n a l extent have been mapped i n the v i c i n i t y of 
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Endako mine. The l a r g e s t , the Casey Lake f a u l t , i s a major s t r u c t u r e about 

15 miles long that extends from Shovel Creek on the north to N i t h i R i v e r on 

the south. A l a r g e wedge of Endako Quartz Monzonite and Casey A l a s k i t e has 

been d i s p l a c e d over 2 m i l e s northward along the Casey Lake f a u l t and the 

s u b p a r a l l e l T a i l i n g s Creek f a u l t to the west. The South Boundary f a u l t i s 

a f i v e - m i l e - l o n g , east-west s t r u c t u r e that dips between 45° and 60° north. 

Predominantly normal movement on the f a u l t i n the mine v i c i n i t y i n f l u e n c e d 

development of major veins and stockwork. -

Endako orebody i s an elongated e l l i p t i c a l l y - s h a p e d zone of stockwork 

that occurs wholly w i t h i n Endako Quartz Monzonite. The orebody may be 

considered as a s e r i e s of major east-west veins o r i e n t e d en echelon to 

form a zone elongated i n a north w e s t e r l y d i r e c t i o n . The orebody, i n c l u d i n g 

the western extension (Denak Zone), i s 11,000 f e e t long by 1,200 f e e t wide. 

The average dip of m i n e r a l i z e d stockwork i s a f a i r l y c o n s i s t e n t 50° south 

over the orebody l e n g t h , but the depth of economic m i n e r a l i z a t i o n v a r i e s 

from a minimum of 100 f e e t at the east end to over 1000 f e e t at the west 

end. 

The development of Endako orebody was i n f l u e n c e d by three r e l a t e d 

igneous events: emplacement and c r y s t a l l i z a t i o n of Endako Quartz Monzonite, 

i n t r u s i o n of r e s i d u a l g r a n i t i c magma as pre-mineral dykes, and ascent of 

hydrothermal f l u i d s through the l o c a l i z e d zone of intense f r a c t u r i n g . 

E a r l y compressional s t r e s s e s , a c t i v e during emplacement and c o o l i n g of 

Endako p l u t o n , apparently generated l o c a l i z e d doming and f r a c t u r i n g i n the 

v i c i n i t y of the mine; an area occupying the i n t e r s e c t i o n of r e g i o n a l e a s t -

west, northwest and northeast f r a c t u r e systems. I n t r u s i o n of pre-mineral 

dykes accompanied the p r i n c i p a l s t r u c t u r a l adjustment of the pluton; wrench 
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f a u l t i n g along p r i n c i p a l orebody f a u l t s and secondary shears, doming of the 

orebody area, and a n t i t h e t i c f a u l t i n g along conjugate southward and n o r t h ­

westward-dipping f r a c t u r e s . Many l a r g e veins and smaller stockwork v e i n l e t s 

f o l l o w the predominant EW/50°S and NE/5-30°NW f r a c t u r e d i r e c t i o n s . 

C. ORE CONTROLS 

Three i n t e r r e l a t e d g e o l o g i c a l c o n t r o l s : s t r u c t u r a l , chemical and 

thermal e f f e c t s , combine to c o n t r o l the nature and d i s t r i b u t i o n of v e i n and 

a l t e r a t i o n minerals at Endako mine. 

(1) S t r u c t u r a l l y , Endako orebody i s an elongated, e l l i p t i c a l l y - s h a p e d zone 

of stockwork t h a t occurs wholly w i t h i n Endako Quartz Monzonite. Configura­

t i o n of stockwork i s the p r i n c i p a l o r e - l o c a l i z a t i o n f a c t o r . From east to 

west along the len g t h of the orebody, r e l a t i v e l y homogeneous stockwork 

generated by intense domal movement gives way to poor l y developed stockwork 

adjacent to l a r g e shear v e i n s . Homogeneity of ore values v a r i e s a c c o r d i n g l y . 

Stockwork f r a c t u r i n g and ore values terminate a b r u p t l y along the north s i d e 

of the orebody, but d i m i n i s h g r a d u a l l y southward towards the p y r i t e zone 

that marks the southern l i m i t of sulphide d e p o s i t i o n . 

(2) Chemical c o n t r o l of hydrothermal m i n e r a l i z a t i o n and a l t e r a t i o n i s e v i ­

dent from the s p a t i a l and temporal r e l a t i o n s h i p s between a l t e r a t i o n 

assemblages of Stages 1, 2 and 3. K-f e l d s p a r envelopes are cut by s e r i c i t i c 

envelopes, and the w a l l rock e n c l o s i n g these envelopes i s p e r v a s i v e l y kao­

l i n i z e d . The mechanism r e l a t i n g p o t a s s i c , s e r i c i t i c and a r g i l l i c a l t e r a t i o n 

i s a p r o g r e s s i v e i o n le a c h i n g or m i g r a t i o n of Ca , Na , Mg , Fe and 
I | j _|_ 4. 

Fe toward the v e i n , w i t h simultaneous outward m i g r a t i o n of K and H . 
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The K +/H + activity ratio controls outward diffusion of K + and H + and 

varies outward from the vein mainly in response to variations in temperature, 

K + and H + concentration gradients, rate of removal of leached constituents, 

and pressure. Reaction curves for the system K̂ O - Al^O^ - SiC^ — Re­

developed by Hemley (1959) show that temperature and K +/H + activity ratio 

are the most significant variables i n determining st a b i l i t y of phases in 

the system. Drummond (1969) notes that the relative age sequence of K-

feldspar-sericite-kaolinite is in agreement with a chemical control based 

on the activity ratio of K +/H + i n a nearly isothermal environment. 

(3) Thermal controls are evident in zonation of alteration assemblages from 

north to south across the orebody. A relative abundance of K-feldspar-
•Jr 

bearing envelopes defines a "K-feldspar zone" about 800 feet wide parallel 

to the orebody and flanking i t on the north. The transition to the orebody 

proper i s marked by a sharp increase i n the abundance of molybdenite, s e r i ­

c i t i c envelopes and intensity of pervasive kaolinization. The transition 

to the "pyrite zone" is marked by a sharp decrease in the abundance of K-

feldspar alteration, a gradual diminishment in intensities of molybdenite 

mineralization, kaolinization and s e r i c i t i c alteration, and an increase in 

the relative abundance of pyrite. 

Alteration zonation suggests decreasing temperatures from the ore zone 

towards the south, implying similar variations for sulphide deposition. 

Fluid inclusion studies support this trend. Minimum f i l l i n g temperatures 

for f l u i d inclusions in quartz from K-feldspar-enveloped veins are slightly 

higher than 500°C; those for inclusions in quartz from sericite-enveloped 

veins centre around 480°Cj whereas those for quartz veins without envelopes 

but within pervasively arg i l l i z e d rock range from 380°C to 460°C. These 
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temperatures are i n agreement w i t h Hemley's (1959) experimental data f o r 

s t a b i l i t y f i e l d s of the a l t e r a t i o n phases. 

Minor element content of p y r i t e shows a s i m i l a r temperature-dependent 

trend across the area sampled. Q-mode f a c t o r a n a l y s i s of 11-element spectro­

chemical data from 67 orebody area p y r i t e s defines two p r i n c i p a l f a c t o r s 

which c o r r e l a t e e x c l u s i v e l y to orebody and p y r i t e zone. Factor I 

(Mn, N i , Sn) i s i n t e r p r e t e d as a r e l a t i v e l y h i g h temperature, paramagmatic 

d e p o s i t i o n a l environment centred over a hydrothermal "source" corresponding 

to the K-feldspar zone. Factor I e f f e c t s d i m i n i s h p r o g r e s s i v e l y southward 

towards the f a c t o r I I high, over the p y r i t e zone. Factor I I (Co, Cu) i s 

i n t e r p r e t e d as the low temperature environment at the outer l i m i t of sulphide 

d e p o s i t i o n . Ore f l u i d s that o r i g i n a t e d w i t h i n the orebody became cooled 

and d i l u t e d as they migrated southward away from t h e i r source. 

W i t h i n a s i n g l e v e i n or v e i n system, thermal gradients may have been 

l e s s s i g n i f i c a n t than chemical c o n t r o l s i n a f f e c t i n g the s t a b i l i t y of an 

a l t e r a t i o n or sulphide phase, but on a megascopic s c a l e temperature g r a d i ­

ents have c o n t r o l l e d the r e l a t i v e abundance of mineral assemblages i n the 

orebody area. 

D. SUMMARY 

The Endako stockwork has l o c a l i z e d w i t h i n an e a r l y quartz monzonitic 

phase of Topley B a t h o l i t h by wrench f a u l t i n g and doming generated by c o o l i n g 

of the b a t h o l i t h and i n t r u s i o n of pre-ore dykes. Hydrothermal f l u i d s e f f e c t ­

i n g a l t e r a t i o n and m i n e r a l i z a t i o n of the stockwork were generated contem­

poraneously w i t h the c o o l i n g of the Endako pluton. Abundant e a r l y p o t a s s i c 

a l t e r a t i o n and r e l a t i v e l y high f l u i d i n c l u s i o n temperatures a t t e s t to the 
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paramagmatic a f f i l i a t i o n of v e i n and a l t e r a t i o n m i neral assemblages. Cross-

c u t t i n g r e l a t i o n s i n d i c a t e a r e l a t i v e age sequence among the a l t e r a t i o n 

stages which i s i n agreement w i t h a chemical c o n t r o l based p r i m a r i l y on the 
+ + 

a c t i v i t y r a t i o of K /H . Concurrent north-south zonation of stockwork 

m i n e r a l i z a t i o n , p r i n c i p a l a l t e r a t i o n assemblages, f l u i d i n c l u s i o n tempera­

t u r e s , and minor element content of p y r i t e i n d i c a t e s thermal gradients 

diminished southward across the orebody from a "high " centred over the K-

f e l d s p a r zone. 

E. NEW FIELDS OF STUDY INDICATED 

To the best of the w r i t e r ' s knowledge t h i s study i s the f i r s t systema­

t i c a p p l i c a t i o n of the s t r e s s i n d i c a t r i x technique of s t r u c t u r a l a n a l y s i s to 

a porphyry-type stockwork ore deposit . I t was g r a t i f y i n g to note that the 

apparently random array of stockwork s t r u c t u r e s responded w e l l , to s t r u c t u r a l 

a n a l y s i s . I f s u f f i c i e n t s t r u c t u r a l data i s a v a i l a b l e , s i m i l a r s t u d i e s 

should be made of other porphyry Cu-Mo deposits w i t h a view to expanding 

and/or c l a r i f y i n g knowledge of t h e i r o r i g i n s . A comparison of the s t r u c t u r a l 

h i s t o r i e s of B r i t i s h Columbia porphyry Cu-Mo deposits may e s t a b l i s h s t r u c ­

t u r a l c r i t e r i a v a l u a b l e i n m i n e r a l e x p l o r a t i o n . 

From a p r a c t i c a l p o i n t of view, the Endako study suggests that p y r i t e 

geochemistry may provide a means of o u t l i n i n g t a r g e t s f o r d e t a i l e d e x p l o r a ­

t i o n , e s p e c i a l l y i f the f o l l o w i n g c o n d i t i o n s are f u l f i l l e d : 

(1) a reasonable geographic d i s t r i b u t i o n of samples e x i s t s , 

(2) pure p y r i t e separates are obtained, 

(3) multi-element analyses are obtained, and 



(4) the data are t r e a t e d using a m u l t i v a r i a t e s t a t i s t i c a l a n a l y s i s 

technique. 

Several s i m i l a r g e o s t a t i s t i c a l s t u d i e s of p y r i t e from porphyry Cu-Mo 

deposits are underway at the U n i v e r s i t y of B r i t i s h Columbia at time of 

w r i t i n g . Comparison of Endako data w i t h these and other s t u d i e s may w e l l 

provide v a l u a b l e geochemical guides to e x p l o r a t i o n . 

R e s p e c t f u l l y submitted, 

Kenneth M. Dawson 
Date 
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Appendix 1 

CALCULATION OF Or-Ab-SiO„ RATIOS FOR TOPLEY ROCKS 

Or-content of Orthoclase from B r i g h t (1967) 

Average mode Or-content Ab-content 
( r e c a l . to 100%) of K-spar of pl a g 

Or-Ab-Si0 2 

c a l c . r a t i o s 
R e c a l . 
to 100% 

Simon Bay: 
Orth. 9.0 

Plag. 
Qtz. 

82.1 
8.9 

Endako: 
Orth. 47 

Pla g . 
Qtz. 

29 
24 

N i t h i : 
Orth. 36.0 

Plag. 
Qtz. 

33.5 
30.5 

Glenannan: 
G r a n i t e 
Orth. 55.4 

P l a g . 21.9 
Qtz. 22.7 

Glenannan: 
Qtz. Monz. 
Orth. 45.0 

Pl a g . 33.6 
Qtz. 21.4 

Casey: 
Orth. 43.8 

Pl a g . 21.5 
Qtz. 34.7 

Or 100 

Or 82 

Or 95 

Or 92 

Or 87 

Or 82 

Ab 62 

Ab 81 

Ab 75 

Ab 78 

Ab 71 

Ab 77 

Or(orth) 9.0 Or 14 
Ab(orth) 0 
Ab(plag) 51.0 Ab 73 
S i 0 2 8.9 

68.9 
sio 2 13 

Or (orth) 38.6 Or 41 
Ab (orth) 8.4 
Ab(plag) 23.5 Ab 34 
S i 0 2 24 

94.5 
S i 0 2 25 

Or(orth) 34.2 Or 37 
Ab (orth) 1.8 
Ab(plag) 25.2 Ab 30 
sio 2 30.5 

91.7 
sio 2 33 

Or(orth) 51.0 Or 53 
Ab(orth) 4.4 
Ab(plag) 17.1 Ab 23 
sio 2 22.7 

95.2 
S i 0 2 24 

Or(orth) 39.2 Or 43 
Ab(orth) 5.8 
Ab(plag) 23.9 Ab 33 
sio 2 21.4 

90.3 
sio 2 24 

Or(orth) 36.0 Or 38 
Ab(orth) 7.8 
Ab(plag) 16.6 Ab 26 
S i 0 2 34.7 

95.1 
S i 0 2 36 
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Average mode Or-content Ab-content 
( r e c a l . to 100%) of K-spar of p l a g 

Or-Ab-Si0 2 

c a l c . r a t i o s 
R e c a l . 
to 100% 

F r a n c o i s : 
Orth. 50.0 

Pl a g . 
Qtz. 

19.0 
31.0 

S t e l l a k o : 
Qtz. Monz. 
Orth. 33.1 

Plag. 
Qtz. 

36.4 
30.5 

S t e l l a k o CD. 
Orth. 18.6 

P l a g . 
Qtz. 

60.9 
20.5 

F r a s e r : 
Orth. 34.0 

Plag. 
Qtz. 

48.0 
18.0 

Or 100 

Or 90 

Or 90 

Or 90 

Ab 76 

Ab 
76 

Ab 66 

Ab 82 

Or(orth) 50.0 Or 52 
Ab(orth) 0 
Ab (plag) 14.4 Ab 15 
sio 2 31.0 

95.4 
S i 0 2 33 

Or(orth) 29.8 Or 33 
Ab(orth) 3.3 
Ab(plag) 27.7 Ab 34 
S i 0 2 30.5 

91.3 
S i 0 2 33 

Or(orth) 16.8 Or 21 
Ab(orth) 1.8 
Ab(plag) 40.2 Ab 53 
sio 2 20.5 

79.3 
S i 0 2 26 

Or(orth) 30.6 Or 33 
Ab (orth) 3.4 
Ab (plag) 39.4 Ab 47 
S i 0 2 18.0 

91.4 
sio 2 20 
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Appendix 2 

PYRITE SEPARATION AND PURIFICATION 

1. Specimens of p y r i t e i n diamond d r i l l core are s e l e c t e d on the b a s i s of 

min e r a l association,, p u r i t y and l a c k of o x i d a t i o n . Specimens showing 

molybdenite, hematite, magnetite, c h a l c o p y r i t e , e t c . i n a s s o c i a t i o n 

w i t h p y r i t e are r e j e c t e d . P y r i t e w i t h v i s i b l e surface o x i d a t i o n i s 

r e j e c t e d . 

2. Extraneous quartz and w a l l rock are cut away w i t h a diamond saw. 

3. Specimen i s broken w i t h a hammer and crushed i n a p i s t o n and c y l i n d e r 

impact crusher. S i e v i n g and crushing are repeated u n t i l whole specimen 

i s - 0.5 mm diam. 

4. Heavy minerals are separated w i t h bromoform, then washed i n methyl 

hydrate. The specimen i s then d r i e d and disaggregated. 

5. Magnetic minerals are removed w i t h a hand magnet. 

6. The specimen i s sieved w i t h 140 mesh screen and the f i n e f r a c t i o n set 

asi d e . The m a j o r i t y of quartz g r a i n s which have become mixed w i t h the 

heavy minerals are removed i n the f i n e f r a c t i o n . The f i n e s tend to 

impede op e r a t i o n of the isodynamic separator, hence are removed. The 

f i n e f r a c t i o n provides a d u p l i c a t e specimen f o r f u t u r e a n a l y s i s . 

7. The +140 mesh f r a c t i o n i s run through a Franz isodynamic separator 

three times, at 0.4 amps, 0.75 amps and 1.4 amps r e s p e c t i v e l y to remove 

i r o n o x i d e s , b i o t i t e , hornblende and any other weakly magnetic m i n e r a l s . 
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8. The specimen i s examined under b i n o c u l a r microscope f o r the presence 

of heavy minerals other than p y r i t e , p a r t i c u l a r l y molybdenite. I f 

i m p u r i t i e s are present i n s m a l l q u a n t i t y , the specimen i s hand-picked 

c l e a n w i t h a f i n e brush. I f i m p u r i t i e s are present i n the order of 

s e v e r a l percent, the specimen i s cleaned i n the Superpanner. 

9. G r i n d i n g w i t h a mortar and p e s t l e d i v i d e s composite q u a r t z - p y r i t e 

g r a i n s . Specimen i s then placed i n a separatory funnel w i t h bromoform 

a second time, and the heavy f r a c t i o n separated and washed w i t h methyl 

hydrate. 

10. D r i e d , disaggregated specimen i s examined under b i n o c u l a r microscope 

f o r the presence of q u a r t z , a few grains of which are almost always 

present. I f excessive quartz i s present, i . e . about 1% or more, the 

specimen i s leached i n h y d r o f l u o r i c a c i d f o r 24 hours, d i l u t e d , 

f i l t e r e d , d r i e d and examined again. Average weight of cleaned specimen 

i s about .6 gm. 
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Appendix 3 

PRELIMINARY SPECTROCHEMICAL ANALYSES OF OREBODY PYRITES 
(ppm) 

58 63 73 

Ag 

B 

Ba 

B i 

Ca 

Co. 

Cu 

Cr 

Mg 

Mn 

Mo 

N i 

Pb 

Sn 

Sr 

T i 

V 

Zr 

Zn 

3 

P 

11 

114 

P 

1640 

300 

80 

nc 

19 

30-

P 

0 

t r . 

P 

37 

0 

P 

121 

250 

6 

t r . 

P 

34 

73 

P 

70 

2 

P 

30 

4 

P 

nc 

43 

30-

P 

0 

nc 

113 

30-

P 

0 

nc 

88 

30-

P 

0 

0 

P 

26 

43 

P 

430 1640 

600+ 600+ 600+ 

31 16 0 

2000 2000 2000 2000 700 

P 0 0 0 0 

1000+ 1000+ 1000+ 1000+ 950 

10 10 10 10 49 

0 0 0 0 0 

0 0 0 0 0 

nc 

20 

30-

P 

62 

2 

P 

0 

7 

P 

20 

180 

0 

200 

0 

350 

0 

0 

0 

nc 

20 

30-

P 

0 

2 3 4 

P P P 

140 5 4 

4 200 400 

P P P 

1910 20 103 

600+ 600+ 600+ 

0 0 0 

1000 3000 4000 

P O O 

320 1000+ 1000+ 

64 0 0 

295 68 0 

15 8 0 

nc 

1000 

30-

P 

14 

nc 

103 

30-

P 

6 

nc 

132 

30-

P 

0 

Ab b r e v i a t i o n s : t r . = t r a c e ; P = present; nc = not checked. 

Specimen L o c a t i o n s : 1 to 5: NW end pf p i t , 3399 bench, 31120 N, 27200 E. 
6, 58, 63, 73: centre r i d g e , 3465 bench, S t e l l a v e i n . 
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A p p e n d i x 4 

SPECTROCHEMICAL ANALYSES OF OREBODY PYRITES (ppm) 

S e q . S p e c . Ag B a B i Co Cu Mn N i Pb Sn S r Zn 

1 

2 

3 

6 

7 

8 

9 

10 

11 

12 

14 

15 

17 

18 

19 

1 

36 

32 

4 a 267 

4b 267 

5 a 266 

5b 266 

265 

268 

124 

41 

44 

38 

197 

13a 134 

13b 134 

75 

144 

1 6 a 205 

16b 205 

12 

67 

117 

2 

2 

6 

t r . 

4 

3 

4 

3 

2 

1 

. 6 

1 

. 6 

3 

2 

44 

36 

0 68 

8 28 

26 

8 

t r . 8 

2 4 

5 10 

2 . 4 14 

0 44 

88 

11 

7 

23 

28 

3 

8 

11 

11 

50 

40 

46 112 124 

3 136 300 

0 760 135 

18 160 680 

14 156 1200 

68 54 

72 56 

0 12 

t r . 

t r . 

0 70 104 

0 380 500 

8 162 184 

0 16 200 

120 117 500 

0 220 132 

50 64 84 

48 240 300 

52 230 280 

120 132 

34 90 

62 160 114 

86 156 102 

32 41 300 

0 370 240 

50 500 280 

80 

34 

31 

44 

0 

88 

74 

t r . 

t r . 

44 

26 

34 

0 

0 

70 

82 

50 

56 

20 

38 

18 

44 

0 

56 

64 

36 

34 

18 

44 

38 

0 

0 

30 

50 

40 

44 

68 

48 

96 180 

82 156 

14 0 

68 134 

1 1 

0 

0 

0 

0 

0 

0 

28 92 

0 

0 

25 

0 

78 

t r . 

t r . 

32 

0 

0 

0 

15 

15 

0 

13 

10 

0 

20 

24 

50 

46 

0 122 

21 32 

32 

0 

24 

40 

17 

8 

8 

52 

14 

28 

24 

0 

24 

9 

11 

23 

15 

4 

4 

24 

4 

12 

10 

14 

18 

9 

11 

13 

4 

8 

13 

13 

11 

27 

7 

28 

23 

12 

14 4200 

14 3600 

16 

18 

26 

18 

18 

16 

610 

38 

1220 

21 

21 

0 

8 

10 

16 

8 

10 

44 
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A p p e n d i x 4 ( C o n t i n u e d ) 

S e q . S p e c . Ag B a B i Co Cu Mn N i Pb Sn S r Zn 

20 16 . 8 3 32 154 300 74 96 0 34 10 36 

21a 18 1 . 8 30 200 280 300 120 80 40 50 20 24 

21b 18 1 . 8 34 200 300 300 114 74 30 36 20 20 

22 192 0 11 0 270 49 0 0 0 0 5 0 

2 3 a 40 1 6 60 82 310 128 22 0 17 13 23 

23b 40 2 5 70 88 280 128 22 0 14 10 40 

24 60 7 3 15 240 140 124 50 0 26 10 21 

25 199 10 22 0 280 156 90 62 0 18 12 62 

26 207 20 16 184 50 188 84 0 134 0 10 152 

27 163 3 6 36 66 340 240 26 0 14 26 14 

2 8 a 106 1 . 2 14 0 370 480 40 66 0 20 6 34 

28b 106 1 . 8 14 0 300 430 34 58 0 20 6 24 

29 127 2 . 6 58 280 1400 420 26 80 10 8 6 10 

30 103 1 . 2 12 0 220 350 48 50 0 28 6 10 

31 125 2 6 0 540 700 18 78 0 42 5 30 

32 1 0 1 1 . 4 12 7 . 8 112 600 28 50 17 40 18 10 

33 99 3 8 10 94 210 0 16 22 4 6 16 

3 4 a 263 1 6 0 128 152 14 10 0 70 4 14 

34b 263 0 8 0 160 128 20 18 0 52 4 16 

35 1 9 1 2 6 0 250 100 0 0 0 0 2 14 

36 47 6 51 25 326 219 0 0 53 0 9 81 

37 218 2 . 4 34 100 132 500 70 90 46 56 18 16 

38a 212 1 10 6 116 46 52 156 0 28 10 14 

38b 212 1 10 14 120 62 60 1 8 4 0 38 10 16 
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A p p e n d i x 4 ( C o n t i n u e d ) 

S e q . S p e c . Ag B a B i Co Cu Mn N i Pb Sn S r Zn 

39 a 

39b 

40 

41 

42 

43 

44 

45 

46 

4 7 a 

47b 

48 

49 

50 

51 

52 

5 3 a 

53b 

54 

55 

56 

57 

58 

59 

159 

159 

253 

157 

154 

2 2 1 

194 

217 

231 

55 

55 

250 

51 

95 

184 

53 

98 

98 

48 

85 

232 

39 

80 

83 

1 . 0 

1 . 6 

2 . 2 

3 . 4 

2 

1 . 4 

1 

2 . 2 

1 . 4 

3 

3 

1 . 2 

1 

3 

2 

1 

1 

1 . 5 

3 

1 

1 . 2 

2 

0 

1 

8 

8 

12 

64 

4 

24 

6 

36 

18 

6 

5 

6 

8 

26 

14 

11 

16 

18 

64 

12 

24 

3 

9 

14. 

t r . 

t r . 

10 

8 

0 

12 

0 

0 

0 

10 

8 

204 

14 

70 

6 

1 

t r . 

t r . 

0 

0 

0 

17 

0 

0 

440 

360 

50 

200 

168 

290 

520 

460 

260 

94 

90 

62 

11 

330 

108 

200 

220 

240 

106 

41 

202 

220 

700 

220 

120 

126 

42 

510 

300 

110 

184 

310 

74 

54 

48 

34 

52 

520 

126 

220 

190 

190 

600 

21 

240 

46 

22 

80 

36 

26 

42 

114 

66 

18 

0 

42 

14 

44 

38 

54 

82 

92 

100 

50 

206 

220 

130 

0 

26 

16 

8 

0 

44 

40 

40 

58 

80 

136 

46 

62 

32 

32 

32 

30 

58 

68 

90 

52 

78 

72 

38 

0 

40 

4 

44 

44 

14 

24 

0 

22 

0 

0 

0 

0 

0 

0 

0 

16 

0 

17 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

66 

62 

32 

50 

28 

46 

0 

24 

0 

90 

86 

36 

44 

54 

88 

32 

48 

58 

68 

7 

12 

0 

0 

28 

8 

8 

10 

64 

19 

16 

4 

18 

6 

8 

8 

8 

10 

12 

24 

7 

23 

24 

52 

4 

8 

2 

4 

4 

18 

22 

16 

36 

14 

28 

12 

112 

8 

7 

8 

18 

9 

17 

16 

12 

16 

14 

24 

6 

8 

20 

12 

7 
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A p p e n d i x 4 ( C o n t i n u e d ) 

S e q . S p e c . Ag Ba B i Co Cu Mn N i Pb Sn S r Zn 

60 110 3 . 4 40 270 222 240 38 26 22 90 10 28 

6 1 104 2 . 6 42 46 108 156 132 22 0 78 26 16 

62 17 1 11 14 128 36 36 26 0 44 5 94 

63 102 4 7 28 110 500 16 60 94 84 5 66 

64 100 . 6 74 38 260 50 68 168 0 34 24 9 

65 242 2 . 6 10 0 164 188 96 56 0 122 10 32 

66 34 5 48 3 142 96 118 20 0 66 14 30 

6 7 a 187 2 31 0 410 300 70 188 4 26 23 14 

67b 187 2 30 . 6 360 500 70 172 9 24 24 14 

Ag Ba B i Co Cu Mn N i Pb Sn S r Zn 

Mean 2 . 5 22 35 240 240 54 52 11 33 13 109 

S t d . D e v . 2 . 8 20 63 228 1 9 1 49 43 24 29 10 498 
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SPECTROCHEMICAL ANALYSES OF REGIONAL PYRITES 
(ppm) 

37 43 316 538 J I U3 B9-125 CM-1 462 489 

Ag 0.7 2 t r . 2.6 0 90 t r . 3 2 1 

Ba 54 48 18 nc 18 8 nc 36 9 3 

B i 2 22 0 t r . 9 96 50 39 0 0 

Ca nc nc nc P nc nc P nc nc nc 

Co 38 26 45 114 120 156 260 600 1210 42 

Cu 50 48 67 600+ 14 250 600+ 36 14 460 

Cr nc nc 0 0 nc nc 0 nc 0 0 

Mn 32 26 t r . 0 350 300 0 84 t r . t r . 

Mo nc nc nc P P P P P nc nc 

N i 8 10 0 10- 0 0 10- 92 0 71 

Pb 0 0 0 1480 22 780 0 46 0 0 

Sn 14 38 t r . nc 0 0 nc 0 0 0 

Sr 21 11 3 3 62 5 4 26 2 1 

T i 1520 6600 3200 0 7800 3100 820 1400 8 315 

Zn 19 9 4 480 8 0 4 20 4 29 

A b b r e v i a t i o n s : t r . = t r a c e ; P = present; nc = not checked. 

Specimen Locations 

37 
43 

316 
538 
J - l 
U-3 

B9-125 
CM-1 
462 
489 

P y r i t e zone, south end of Se c t i o n 6. 
P y r i t e zone, south end of Se c t i o n 3. 
Western e x t e n s i o n , 32900 N., 21800 E. 
3366 bench, 30900 N. , 27600 E. 
2500' north of orebody, 33600 N., 28200 E. 
U t i c a c l a i m s , 7000' SW of mine, 23800N., 24000 E. 
B e l l c l a i m s , about 2000' SE of orebody. 
3000' WSW of Macdonald Lake, 28300 N., 40850 E. 
N i t h i Mtn., trench on main showing. 
N i t h i Mtn., Tan claims on north slope. 
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A p p e n d i x 6 

NORMALIZED VARIMAX FACTOR COMPONENTS 

M P L E COMM. FACTOR I FACTOR I I FACTOR i : 

1 0 . 9 9 3 6 0 . 4 3 7 5 0 . 1 3 4 1 0 . 4 2 8 5 

2 0 . 9 8 9 0 0 . 6 1 0 4 0 . 2 0 7 6 0 . 1 8 2 0 

3 0 . 9 7 4 4 0 . 1 2 1 9 0 . 7 9 2 2 0 . 0 8 5 9 

4 0 . 9 4 3 8 0 . 5 7 5 8 0 . 1 8 6 7 0 . 2 3 7 5 

5 0 . 8 9 2 2 0 . 5 8 6 1 0 . 3 6 6 4 0 . 0 4 7 5 

6 0 . 9 6 6 9 0 . 7 3 1 1 0 . 1 8 6 6 0 . 0 8 2 3 

7 0 . 9 1 5 2 0 . 5 4 4 3 0 . 2 4 0 9 0 . 2 1 4 7 

8 0 . 9 9 0 8 0 . 6 3 5 6 0 . 1 5 8 5 0 . 2 0 5 9 

9 0 . 9 3 1 0 0 . 1 2 3 6 0 . 7 7 3 2 0 . 1 0 3 3 

10 0 . 9 2 0 8 0 . 1 5 0 2 0 . 2 9 9 6 0 . 5 5 0 3 

11 0 . 9 8 1 4 0 . 6 8 6 7 0 . 2 2 5 3 0 . 0 8 8 1 

12 0 . 9 4 8 6 0 . 4 4 0 7 0 . 0 8 8 6 0 . 4 7 0 7 

13 0 . 9 7 2 8 0 . 5 7 1 9 0 . 1 5 6 7 0 . 2 7 1 4 

14 0 . 8 8 9 1 0 . 4 9 9 9 0 . 0 3 7 8 0 . 4 6 2 3 

15 0 . 9 7 0 6 0 . 6 5 6 3 0 . 0 9 7 4 0 . 2 4 6 3 

16 0 . 9 7 2 9 0 . 6 6 8 6 0 . 0 8 9 4 0 . 2 4 2 0 

17 0 . 9 4 9 4 0 . 1 4 6 3 0 . 2 6 4 7 0 . 5 8 9 0 

18 0 . 9 2 7 1 0 . 5 9 0 3 0 . 2 2 5 3 0 . 1 8 4 4 

19 0 . 9 4 0 6 0 . 6 0 3 0 0 . 1 7 0 4 0 . 2 2 6 6 

20 0 . 9 7 5 6 0 . 6 7 0 4 0 . 1 0 7 2 0 . 2 2 2 4 

21 0 . 9 8 8 7 0 . 4 7 0 0 0 . 0 9 1 2 0 . 4 3 8 8 

22 0 . 8 6 5 6 0 . 1 1 5 1 0 . 8 1 7 3 0 . 0 6 7 5 

23 0 . 9 6 7 2 0 . 6 1 0 5 0 . 1 0 7 6 0 . 2 8 1 9 

24 0 . 9 7 7 3 0 . 6 6 3 1 0 . 1 1 0 3 0 . 2 2 6 6 

25 0 . 9 7 0 1 0 . 6 6 7 6 0 . 2 3 4 7 0 . 0 9 7 7 

26 0 . 9 3 7 6 0 . 1 3 8 6 0 . 1 5 5 2 0 . 7 0 6 2 

27 0 . 9 6 7 0 0 . 6 3 1 6 0 . 1 0 4 1 0 . 2 6 4 3 

28 0 . 9 9 0 7 0 . 6 5 7 0 0 . 2 6 2 5 0 . 0 8 0 5 

29 0 . 9 7 3 5 0 . 4 2 1 3 0 . 1 4 5 7 0 . 4 3 3 0 

30 0 . 9 8 9 1 0 . 6 8 9 5 0 . 2 3 4 3 0 . 0 7 6 2 

31 0 . 9 8 3 1 0 . 6 6 0 4 0 . 2 6 3 0 0 . 0 7 6 7 

32 0 . 9 7 2 2 0 . 5 1 4 6 0 . 1 4 3 7 0 . 3 4 1 7 



3 3 7 . 

A p p e n d i x 6 ( C o n t i n u e d ) 

SAMPLE COMM. FACTOR I FACTOR I I FACTOR I I I 

33 0 . 9 2 4 6 0 . 2 7 7 4 0 . 2 7 2 5 0 . 4 5 0 1 

34 0 . 9 8 2 2 0 . 6 8 5 2 0 . 2 4 2 3 0 . 0 7 2 5 

35 0 . 9 6 3 4 0 . 1 2 6 3 0 . 7 5 3 0 0 . 1 2 0 7 

36 0 . 9 9 5 6 0 . 0 5 4 2 0 . 4 0 2 1 0 . 5 4 3 6 

37 0 . 9 8 3 9 0 . 4 7 3 6 0 . 0 9 4 2 0 . 4 3 2 1 

38 0 . 9 8 9 3 0 . 7 1 1 0 0 . 1 0 4 2 0 . 1 8 4 8 

39 0 . 9 1 4 6 0 . 5 9 1 1 0 . 2 1 4 2 0 . 1 9 4 7 

40 0 . 9 7 0 1 0 . 6 9 9 6 0 . 0 7 0 5 0 . 2 2 9 9 

41 0 . 9 7 8 8 0 . 5 1 1 5 0 . 1 5 2 3 0 . 3 3 6 2 

42 0 . 9 8 3 6 0 . 7 1 8 3 0 . 2 0 4 9 0 . 0 7 6 8 

43 0 . 9 8 3 3 0 . 6 4 8 2 0 . 1 5 7 2 0 . 1 9 4 5 

45 0 . 9 0 6 9 0 . 3 3 7 2 0 . 5 8 7 7 0 . 0 7 5 1 

46 0 . 9 8 8 6 0 . 6 3 2 1 0 . 2 8 0 0 0 . 0 8 7 8 

47 0 . 9 1 9 3 0 . 5 0 3 4 0 . 4 0 1 7 0 . 0 9 4 9 

48 0 . 9 8 8 3 0 . 4 7 7 0 0 . 0 4 8 7 0 . 4 7 4 3 

49 0 . 9 8 3 6 0 . 7 2 5 7 0 . 0 6 0 2 0 . 2 1 4 1 

50 0 . 9 9 1 2 0 . 4 9 7 7 0 . 1 0 9 5 0 . 3 9 2 8 

5 1 0 . 9 9 3 5 0 . 7 0 9 1 0 . 1 1 4 5 0 . 1 7 6 4 

52 0 . 9 9 7 2 0 . 6 8 7 2 0 . 1 8 2 2 0 . 1 3 0 6 

53 0 . 9 8 5 5 0 . 7 3 4 7 0 . 1 9 0 7 0 . 0 7 4 6 

54 0 . 9 3 2 4 0 . 5 9 4 9 0 . 2 1 9 1 0 . 1 8 6 0 

55 0 . 9 4 1 6 0 . 4 3 1 8 0 . 3 7 2 1 0 . 1 9 6 1 

56 0 . 9 2 1 7 0 . 4 5 5 2 0 . 3 6 5 4 0 . 1 7 9 4 

57 0 . 9 3 8 2 0 . 4 0 9 0 0 . 3 3 2 7 0 . 2 5 8 3 

58 0 . 9 7 2 5 0 . 6 2 2 1 0 . 2 9 7 7 0 . 0 8 0 2 

59 0 . 9 9 0 8 0 . 6 1 3 8 0 . 3 0 4 1 0 . 0 8 2 1 

60 0 . 9 1 0 1 0 . 3 4 5 5 0 . 1 8 2 0 0 . 4 7 2 5 

6 1 0 . 9 1 8 7 0 . 7 4 3 0 0 . 1 0 7 5 0 . 1 4 9 5 

62 0 . 9 6 5 9 0 . 7 1 7 9 0 . 1 8 6 5 0 . 0 9 5 6 

63 0 . 9 2 4 0 0 . 6 7 2 5 0 . 1 0 1 4 0 . 2 2 6 1 

64 0 . 9 8 3 3 0 . 6 9 2 4 0 . 1 1 7 6 0 . 1 9 0 0 

65 0 . 9 7 1 7 0 . 7 0 2 2 0 . 1 9 6 9 0 . 1 0 0 9 

66 0 . 9 8 8 1 0 . 6 6 4 1 0 . 1 2 8 5 0 . 2 0 7 4 

67 0 . 9 1 9 3 0 . 2 8 0 8 0 . 1 6 6 3 0 . 5 5 2 9 
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J U R A S S I C A N D 
LOWER C R E T A C E O U S 

T O P L E Y I N T R U S I O N S 

L O W E R C R E T A C E O U S 

o 
M 

o 
CO 

F r a s e r q u a r t z m o n z o n i t e 
M e d i u m - g r a i n e d s u b p o r p h y r i t i c p i n k 
b iot i te - horn blend e q u a r t z m o n z o n i t e . 

S t e l l a k o q u a r t z m o n z o n i t e 
9a M e d i u m - lo f i n e - g r a i n e d p i n k 

h o r n b l e n d e - b i o t i t e quartz m o n z o n i t e . 

9 b ; M e d i u m - g r a i n e d grey hornblende g r a n o d i o r i t e 

U P P E R J U R A S S I C 

C a s e y a l a s k i t e 
C o a r s e - t o f i n e - g r a i n e d l e u c o c r a t i c pink 

g r a n i t e a n d q u a r t z m o n z o n i t e 

G l e n a n n a n g r a n i t e & q y a r t z m o n z o n i t e 
7o • Co a rse - g r a i n e d porphyr i t ic pink b iot i te g r a n i t e . 

7b 1 C o a r s e - g r a i n e d pink biot i t e - h o r n b l e n d e quartz 

m o n z o n i t e . 

U P P E R T R I A S S I C A N D 
L O W E R J U R A S S I C 

T A K L A G R O U P 

M e n a r d r h y o d a c i t e s t o c k 
Red to p u r p l e f e I d s p a r - biot 11 e porphyry 
stock and d y k e s . 

R h y o d a c i t e p y r o c l a s t i c s 

D a r k g r e e n r h y o d a c i t e c r y s t a l tuff and b r e c c i a . 

Geological boundary1 defined, approximate, inferred 

Joints : inclined, vertical 

Shear : inclined, vertical 

Foliation 1 inclined, vertical 

Fault : major displacement : defined, inferred ****** 

minor displacement1 defined, inferred 

Mineral occurrence : molybdenite , autunite Mo, U 

0 0 0 N 




