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BR IT!SH COLUMBIA 

Ar thur E. S o r o g a r o l i 

The Brenda d e p o s i t i s 14 m i l e s northwest of Peach I and , B r i t i s h Co lumbia , 

a t e l e v a t i o n s rang ing from 5000 t o 5600 f e e t . The d e p o s i t i s on a r i d g e between 

Peach I and Creek and MacDonald Creek . G l a c i a l l y rounded outc rops are s c a t t e r e d 

through the r o l l i n g , t r e e - c o v e r e d topography . 

R i c e . ( 1 9 4 8 ) b r i e f l y d e s c r i b e d the d e p o s i t and noted the p o s s i b i l i t y of 

a low-grade d e p o s i t of la rge tonnages. In 1957 one of h i s f i e l d a s s i s t a n t s , 

C. Ney r e t u r n e d t o the d e p o s i t w i t h Kennco (then Northwest E x p l o r a t i o n s ) and 

produced the most comprehensive and d e t a i l e d account of the d e p o s i t t o d a t e . 

Car r s t u d i e d the d e p o s i t and the su r round ing area in 1966 and 1967 and has 

p rov ided v a l u a b l e a d d i t i o n s t o the geology of the a r e a . The p resent study has 

been c o n f i n e d t o the ore d e p o s i t . I t i s i n t e r e s t i n g t o note t h a t the o n l y 

d i f f e r e n c e s between t h i s study and N e y ! s study of 1957 are a d d i t i o n s made 

p o s s i b l e by e x c a v a t i o n which p rov ides more and f r e s h e r r o c k f a c e s . 

The d e p o s i t i s p r e s e n t l y be ing prepared f o r p roduct ion a t a r a t e of 

24 ,000 tons per day. Approx imate ly 9 ,000,000 tons of o x i d i z e d capping and 

waste a re be ing removed from the orebody in p r e p a r a t i o n f o r p roduct ion i n the 

f a l l of 1969. Pub I i shed r e s e r v e s are 177,000,000 tons grad ing 0.183$ copper 

and 0.049$ molybdenum. T h i s f i g u r e i n c l u d e s 28 ,000 ,000 tons g rad ing 0.212$ 

copper and 0.063$ molybdenum t o be mined in the f i r s t t h r e e y e a r s . 

GEOLOGY OF THE DEPOSIT 

The Brenda copper-molybdenum d e p o s i t i s e n t i r e l y w i t h i n the Brenda S t o c k , 

a composite quar tz d i o r i t e body of J u r a s s i c age. 
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Tho s t o c k was in t ruded i n t o T r i a s s i c sedimentary and v o l c a n i c rocks of 

the N i c o l a Group w i th the r e s u l t a n t development of a h o r n f o l s zone up t o 1500 

f e e t wi de. 

Car r (1968) r e c o g n i z e d f i v e d i f f e r e n t phases in the Brenda S t o c k . These 

i n c l u d e , in sequence, a marginal Medium Quartz D i o r i t e , Speck led Quartz D i o r i t e , 

Un i form Quartz D i o r i t e , and P o r p h y r i t i c Quartz D i o r i t e , a l l of which are g r a -

d a t i o n a l t o ad jacen t phases and a predominant ly d i s c o r d a n t F ine Quartz D i o r i t e 

phase as shown in F i g u r e 2. The phases occur in bands g r o s s l y p a r a l l e l t o the 

west c o n t a c t of the s t o c k w i t h N i c o l a Group r o c k s . 

Severa l k inds of dykes occur in the a r e a . Those observed w i t h i n the o r e -

body i n c l u d e : Granophyre, t r a c h y t e porphyry , lamprophyre, and a n d e s i t e . 

Granophyre dykes ( r e f e r r e d t o as a p I i t e - p e g m a t i t e by C a r r , 1968) w i t h 

w i d e l y v a r y i n g t e x t u r e s c o n s i s t of a p l i t e or of g r a p h i c i n te rg rowths of quar t z 

and potash f e l d s p a r w i t h minor p l a g i o c l a s e and b i o t i t e . Some dykes have 

g r a n o p h y r i c borders and a p l i t i c or pegmat i t i 'c cores and o the rs have a p l i t i c 

borders w i th g ranophy r ic c o r e s . Dykes l e s s than 3 inches wide are a p l i t i c 

th roughout . 

Most granophyre dykes s t r i k e nor th 50-65°W and d ip about 65°NE. Some 

have EW s t r i k e s and d ip about 55°N. P e g m a f i t i c phases c o n t a i n minor q u a n t i t i e s 

of d i ssemina ted c h a l c o p y r i t e and p y r i t e . A l l granopyre dykes a re cu t by 

mi n e r a I i zed f r a c t u r e s . 

T rachy te porphyry dykes , which a re few in number, s t r i k e n o r t h w e s t e r l y 

and have steep d i p s . They a re c h a r a c t e r i z e d by t a b u l a r f e l d s p a r c r y s t a l s which 

may comprise n a s much as h a l f the rock 1 1 ( C a r r , 1968). Ore s t r u c t u r e s cut the 

t r a c h y t e - d y k e s . 



- 3 -

Lamprophyre dykes w i t h c h i l l e d c o n t a c t s occur p a r t l y in f a u l t s o n l y i n 

and near the orebody ( C a r r , 1963 p. 2 0 0 ) . They s t r i k e NW or WNW and d ip s t e e p l y 

southward . The f i n e - g r a i n e d dykes c h a r a c t e r i s t i c a l l y c o n t a i n n e e d l e - l i k e h o r n 

blende phenocrysts and c a I c i t e - f i I Ied v e s i c l e s . 

A n d e s i t e dykes up t o two f e e t wide occur throughout the p i t a r e a . Most 

a re t a b u l a r and s t r i k e n o r t h w e s t e r l y w i t h steep s o u t h e r l y d i p s . Dykes w i th EW 

or N E . s t r i k e s are i r r e g u l a r and b r a n c h i n g . 

N o r t h w e s t e r l y s t r i k i n g dykes c o n t a i n hornblende phenocrysts and were 

f a v o r a b l e host r o c k s f o r 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 . These may correspond 

t o the lamprophyre dykes d e s c r i b e d by C a r r . N o r t h e a s t e r l y s t r i k i n g dykes are 

not m i n e r a l i z e d or a l t e r e d and cu t ore f r a c t u r e s . 

C h a r a c t e r of M i n e r a l i z a t i o n 

Concent ra ted m i n e r a l i z a t i o n i s c o n f i n e d t o a zone a lmost e n t i r e l y w i t h i n 

the Speck led Quartz D i o r i t e Phase . Areas of lower grade m i n e r a l i z a t i o n extend 

i n t o a d j a c e n t phases of the s t o c k . Vein l e t s c o n t a i n i n g c h a l c o p y r i t e and /o r 

mo lybden i te have been observed in a l l phases of the s t o c k . 

C h a l c o p y r i t e and molybdeni te are the p r i n c i p a l s u l f i d e s in the d e p o s i t 

and g e n e r a l l y a re accompanied by minor q u a n t i t i e s of p y r i t e and m a g n e t i t e . 

B o r n i t e , g a l e n a , and s p h a l e r i t e a re r a r e c o n s t i t u e n t s . P y r r h o t i t e has been 

r e p o r t e d . 

Secondary minera Is i n c l u d e : l i m o n i t e , m a l a c h i t e , a z u r i t e , manganese 

o x i d e s , h e m a t i t e , and f e r r i m o l y b d i t e w i t h r a r e occur rences of c u p r i t e , c o v e ! I i t e , 

c h a l c o c i t e , . nat ive copper , t e n o r i t e ( ? ) , and i l s e m a n n i t e ( ? ) . 



- 4 -

P r imary m i n e r a l i z a t i o n i s a lmost e n t i r e l y c o n f i n e d t o f r a c t u r e s - a 

f e a t u r e r e c o g n i z e d by the e a r l i e s t worke rs . D< nominated s u l f i d e s are seldom 

obse rved , except in a l t e r e d d y k e - r o c k s and in i iv " s e l y a l t e r e d a r e a s . 

S t r u c t u r e 

The s t r u c t u r a l f e a t u r e s of the d e p o s i t i n c l u d e ore f r a c t u r e s , f a u l t s , 

and j o i n t s . J o i n t s , o ther than those which r e f l e c t ore f r a c t u r e s , have not 

been s t u d i e d in d e t a i l . A f r a c t u r e o v e r l a y map produced by C. Ney (1957) as 

a r e s u l t of h i s work p rov ides an e x c e l l e n t o u t l i n e of the a rea of most 

c o n c e n t r a t e d m i n e r a l i z a t i o n . 

Ore F r a c t u r e s : 

Ore f r a c t u r e s have been c a t e g o r i z e d a c c o r d i n g t o the minera logy of the 

f i I I i ng m a t e r i a I . These i n c l u d e : 

1. Q u a r t z - p o t a s h f e l d s p a r - c h a l c o p y r i t e - m o l y b d e n i f e - p y r i t e . 

2 . B i o t i f e - c h a l c o p y r i te -molybden i t e 

3 . Quartz -mo!ybdeni f e - p y r i t e 

4 . Epi d o t e - m a g n e t i t e - m o l y b d e n i t e 

I . Q u a r t z - P o t a s h F e l d s p a r - C h a I c o p y r i f e - M o I y b d e n i t e - P y r i t e 

Ve ins in t h i s ca tegory form the bu lk of the m i n e r a l i z a t i o n i n the Brenda 

d e p o s i t . M i n e r a l i z a t i o n w i t h i n the v e i n s i s patchy w i th some s e c t i o n s r i c h in 

c h a l c o p y r i t e and o t h e r s r i c h in m o l y b d e n i t e . The molybden i te g e n e r a l l y cu ts the 

c h a l c o p y r i t e . 

There a re two ages of v e i n s in t h i s c a t e g o r y : an e a r l y system as d e s c r i b e d 

above and a l a t e r system of vuggy v e i n s . 
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The e a r l y v e i n s have the f o l l o w i n g a t t i t u d e s : 

a) N60-75°E w i t h d ips from 55°S through v e r t i c a l t o 80°N: These 

are the most abundant v e i n s and are remarkably c o n s i s t e n t 

throughout the p r o p e r t y . 

b) N65-70°W/Vert icaI 

c) N35-45°W/Vert ica l 

A l l e a r l y v e i n s c o n t a i n r a r e octahedrons of magnet i te d i sseminated through 

the c h a l c o p y r i t e . Py r i . te g e n e r a l l y occurs as euhedral cubes a s s o c i a t e d w i t h 

c h a l c o p y r i t e . Potash f e l d s p a r content v a r i e s from l e s s than one percent t o as 

much as 20 percent of some v e i n s . B o r n i t e was observed as a r a r e c o n s t i t u e n t 

of some n o r t h e a s t - s t r i k i n g v e i n s . 

La te v e i n s t h a t cu t the v e i n s d e s c r i b e d above g e n e r a l l y a re vuggy. Such 

vugs are c r e a t e d by open i n t e r s t i c e s between euhedral quar tz and potash f e l d s p a r 

c r y s t a l s . B i o t i t e i s always p resent in the v e i n s and some c o n t a i n r a d i a t i n g 

groups of e p i d o f e c r y s t a l s . C h a l c o p y r i t e i s the p r i n c i p a l s u l f i d e and i s 

accompanied by minor q u a n t i t i e s of molybden i te and p y r i t e . These v e i n s have 

the f o l l o w i n g a t t i t u d e s : 

a) N0-25°W w i t h d i p s of 80-85°W. 

2 . B i o t i t e - C h a I c o p y r I t e - M o I y b d e n i t e 

B i o t i t e - c h a 1 c o p y r i t e - m o l y b d e n i t e v e i n s occupy narrow f r a c t u r e s up t o 1/8 

inch wide which cu t the q u a r t z - p o t a s h f e l d s p a r - c h a l c o p y r i t e - m o l y b d e n i t e v e i n s . 

Minor and s p o r a d i c a l l y d i s t r i b u t e d g r a i n s of potash f e l d s p a r occur th roughout . 

The v e i n s occur in t h r e e o r i e n t a t i o n s which show some d i f f e r e n c e s in 

di s t r i but i o n . 

(a) NI0-20°W wi th d i p s of 25°E, 70°E t o v e r t i c a l , and 35°W: Ve ins 

i n t h i s o r i e n t a t i o n occur throughout the d e p o s i t and a re the most 

abundant in t h i s c a t e g o r y . 
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(b) N60-70 V / / v e r t i c a l : These occur p r i n c i p a l l y i n the northwest 

p a r t of the p i t . 

(c) N45-60°W w i t h d i p s of I5~25°N: Ve ins in t h i s o r i e n t a t i o n have 

been observed on l y in the nor th p a r t of the p i t . 

3 . Q u a r t z - M o i y b d e n i f e ~ P y r i t e : • 

Banded v e i n s of q u a r t z - m o l y b d e n i t e w i t h d i sseminated cubes of p y r i t e and 

c h a l c o p y r i t e on f r a c t u r e s are not common. These v e i n s s t r i k e N80°E and d ip 

75°S t o v e r t i c a l . Most a re 1 -1 /2 t o 8 inches in t h i c k n e s s and c o n t a i n bands 

of coarse and f i n e m o l y b d e n i t e . The wa l l r o c k ad jacen t t o most v e i n s , c o n t a i n s 

hydrothernial b i o f i t e . 

4 . E p i d o t e - M a g n e t i t e - M o I y b d e n i t e : 

Ve ins of e p i d o t e and magnet i te w i t h some molybdeni te occur throughout 

the d e p o s i t but they are nowhere abundant. These v e i n s s t r i k e N55°W and have 

v e r t i c a l d i p s . The importance and r e l a t i o n s h i p of these v e i n s t o o ther systems 

i s not known. 

F a u l t s : 

F a u l t s a re expressed as shear zones in which the rocks have been i n t e n s e l y 

a l t e r e d ( a r g i l l i e ) . Most f a u l t s s t r i k e N55 t o 90°E and a re v e r t i c a l . Some 

s t r i k e N60-80°W wi th v e r t i c a l d i p s . Both s e t s of f a u l t s e x h i b i t l e f t - l a t e r a l 

movement. 

A few f a u l t s s t r i k e N5°E through nor th t o N15°W and e x h i b i t r i g h t - l a t e r a I 

movement. Maximum l a t e r a l d isp lacement on a l l f a u l t s appears t o be a few tens 

of f e e t . 

The number of shear zones per u n i t a rea appears t o i n c r e a s e toward the 

n o r t h . 
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A l t e r a t i o n 

Four phases of a l t e r a t i o n have been recogn i zed in the Brenda d e p o s i t : 

I . P o t a s s i c 
a . Potash Fe ldspa r 

b. B i o t i t e 

2 . P r o p y l i t i c 

3 . A r g i l l i e ( S e r i c i f e - C i a y ) 

I • P o t a s s i c A l t e r a t i o n : 

Two phases of p o t a s s i c a l t e r a t i o n have been r e c o g n i z e d ; a potash f e l d s p a r 

phase and a b i o t i t e phase. S u l f i d e m i n e r a l i z a t i o n accompanies both phases . 

a) Potash F e l d s p a r : Potash Fe ldspa r i s a lmost e n t i r e l y c o n f i n e d t o 

q u a r t z - s u I f i d e v e i n s , but l o c a l l y , in areas of p re -m ine ra l f r a c t u r i n g , the 

potash f e l d s p a r has r e p l a c e d pa r t of the host r o c k ad jacent t o the v e i n s . Such 

areas seldom exceed two or t h r e e f e e t in d iameter and most are but a few inches 

i n w i d t h . Most zones of t h i s k ind are e longate p a r a l l e l t o v e i n w a l l s . 

Bi o t i t e : B i o t i t e shows some o v e r l a p w i th the potash f e l d s p a r phase. 

B i o t i t e forms a minor pa r t of vuggy q u a r t z - p o t a s h f e l d s p a r - s u I f i d e v e i n s and 

o c c u r s in v e i n s as p r e v i o u s l y d e s c r i b e d . Ad jacent t o some quar t z v e i n s , 

e s p e c i a l l y those w i t h h igh molybdeni te c o n t e n t , b i o t i t e has r e p l a c e d the m a f i c 

m i n e r a l s and p l a g i o c l a s e in the host rock f o r w idths rang ing from a f r a c t i o n 

of an inch t o seve ra l i n c h e s . L o c a l l y , i n areas of i n tense f r a c t u r i n g , 

b i o t i t i z a f i o n of the host r o c k has been so i n tense t h a t the hydrofherma1 b i o t i t e 

forms up t o 50 percent of the r o c k . Such areas g e n e r a l l y a re i r r e g u l a r in 

d i s t r i b u t i o n and of unknown s i z e . Most are not exposed f o r more than a few 

f e e t . A n d e s i t e dykes have been e s p e c i a l l y s u s c e p t i b l e t o b i o t i t e a l t e r a t i o n . 
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2 . P r o p y l i t i c A l t e r a t i o n ; ' 

Weak t o moderate p r o p y l i t i c a l t e r a t i o n i s i r r e g u l a r l y d i s t r i b u t e d th rough 

out the d e p o s i t . C h a r a c t e r i s t i c f e a t u r e s of t h i s a l t e r a t i o n a r e : a) c h l o r i t i z a -

t i o n of m a f i c m i n e r a l s (hydrothermal and magmatic) ; and b) the p l a g i o c l a s e becomes 

waxy in appearance and g r e e n i s h in c o l o r . The a l t e r a t i o n has no apparent r e l a t i o n 

t o any minera l phase and probably was developed a f t e r most m i n e r a l i z a t i o n was 

emplaced. 

3 . Arq i I I i c A I t e r a t i o n : 

A r g i l l i e a l t e r a t i o n i s l o c a l l y extreme and i s c o n f i n e d t o shear zones 

rang ing from a few inches t o g r e a t e r than 30 f e e t w ide . These shear zones have 

a dominant N70 - 90°E s t r i k e w i th v e r t i c a l or n e a r - v e r t i c a l d i p s . A few 

narrow zones s t r i k e n o r t h w e s t e r l y and a l s o have v e r t i c a l d i p s . 

The shear zones cut a l l phases of m i n e r a l i z a t i o n and a l l o ther phases of * 

a l t e r a t i o n . Mo lybden i te and o ther m i n e r a l s have been smeared on the f r a c t u r e s 

in many of the n o r t h e a s t e r l y t r e n d i n g shear zones . C l a y and s e r i c i t e are the 

c h a r a c t e r i s t i c m i n e r a l s of t h i s a l t e r a t i o n assemblage and they impart a l i g h t 

g r e e n i s h t o brownish c o l o r t o the r o c k . 

6E0CHEM1CAL AND GEOPHYSICAL SURVEYS 

The r e l a t i o n s h i p of the zone of c o n c e n t r a t e d m i n e r a l i z a t i o n t o geochemical 

and geophys ica l anomal ies are shown i n F i g u r e s 3, 4 and 5. 

Anomalous t o t a l copper va lues i n stream sediments d r a i n i n g the d e p o s i t 

range from 250 t o 1340 ppm. Molybdenum anomal ies range from 50 t o 250 ppm. and-

have wider d i s t r i b u t i o n than anomalous copper v a l u e s . 
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