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ABSTRACT 

The s i g n i f i c a n c e of K - f e l d s p a r - b e a r i n g and s e r i c i t e - b e a r i n g 

e n v e l o p e s w i t h i n the p e r v a s i v e l y k a o l i n i z e d r o c k s of the Endako 

m o l y b d e n i t e d e p o s i t may be e x p l a i n e d i n the l i g h t o f e x p e r i m e n t a l 

s t u d i e s by J . J . Hemley i n the system K20 - A1203 - S i 0 2 - H20. 

R e l a t i v e v e i n sequence o f h y d r o t h e r m a l a l t e r a t i o n p r o d u c t s 

i s i l l u s t r a t e d more d i s t i n c t l y a t Endako M i n e s t h a n i n many o f the 

p o r p h y r y copper d e p o s i t s . 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 v a r i o u s s i l i c a t e s t a g e s w h i c h i s i n agreement 

w i t h a c h e m i c a l c o n t r o l based on the a c t i v i t y r a t i o o f K+/i& i n a 

n e a r l y i s o t h e r m a l e n v i r o n m e n t . 
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INTRODUCTION 

T h i s paper i s p r e s e n t e d t o i l l u s t r a t e t h a t the p r o d u c t s o f 

h y d r o t h e r m a l a l t e r a t i o n and t h e i r i n t e r d e p e n d e n c e can be r e a d i l y 

e x p l a i n e d i n terms of the e x p e r i m e n t a l work of J . J . Hemley i n the 

system K2O - AI2O3 - S i 0 2 - H2O. Many of the p o r p h y r y copper t y p e of 

d e p o s i t s ( e x c l u d i n g B u t t e ) do n o t show the r e l a t i v e a l t e r a t i o n sequence 

as d i s t i n c t l y as i t i s seen a t the Endako m o l y b d e n i t e d e p o s i t ( T i t l e y 

and H i c k s ( 1 9 6 6 ) ) . 

Endako M i n e s i s l o c a t e d 100 m i l e s west of P r i n c e George and 

about 350 m i l e s n o r t h of Vancouver a t the g e o g r a p h i c a l c e n t e r of B r i t i s h 

C o l u m b i a . The molybdenum d e p o s i t o c c u r s i n the Endako q u a r t z m o n z o n i t e 

w h i c h i s one o f the o l d e s t r o c k t y p e s of the c o m p o s i t e T o p l e y i n t r u s i v e 

and w h i c h has been d a t e d a t 140 m.y. (White e t a l ( 1 9 6 7 ) ) . The b a t h o l i t h 

i s c o n s i d e r e d t o be o f J u r a s s i c age ( A r m s t r o n g (1949) p. 9 2 ) . R e g i o n a l 

g e o l o g y and s t r u c t u r a l i n t e r p r e t a t i o n of the Endako d e p o s i t was p r e s e n t e d 

a t the 1966 C.I.M. - B.C. S e c t i o n c o n v e n t i o n i n V i c t o r i a ( K i m u r a and 

Drummond ( 1 9 6 6 ) ) . 

The Endako orebody i s an e l o n g a t e d e l l i p t i c a l l y - s h a p e d s t o c k w o r k 

w h i c h s t r i k e s N70W, d i p s 20 t o 50 degrees s o u t h , and measures about 6,000 

f e e t l o n g by 1,200 f e e t wide. Ore r e s e r v e s as o f March 15, 1968 a t an 

0.087oMoS 2 c u t o f f a r e 239,000,000 t o n s g r a d i n g 0.15% M0S2. The m i l l 

c a p a c i t y has been expanded to 22,000 t o n s p e r day. The average s t r i p r a t i o 

f o r the ore r e s e r v e s w i t h i n the c u r r e n t u l t i m a t e p i t o u t l i n e i s 0.5:1. 
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MINE GEOLOGY 

The Endako q u a r t z m o n z o n i t e and t h r e e m i n e r a l o g i c a l l y d i s t i n c t 

p r e - m i n e r a l dykes form the h o s t f o r the m i n e r a l i z e d s t o c k w o r k . The Endako 

q u a r t z m o n z o n i t e i s g e n e r a l l y e q u i g r a n u l a r ( 3 - 4 mm.) w i t h some K - f e l d s p a r 

c r y s t a l s o c c a s i o n a l l y as l a r g e as 7 mm. T h i s s i z e d i f f e r e n c e i m p a r t s a 

s u g g e s t i o n of a p o r p h y r i t i c t e x t u r e b u t i s not s u f f i c i e n t l y d i s t i n c t i v e 

t o w a r r a n t the term " p o r p h y r i t i c " . C o m p o s i t i o n i s q u a r t z ( 3 0 % ) , p a l e p i n k 

t o o r a n g e - t i n g e d K - f e l d s p a r ( p e r t h i t i c o r t h o c l a s e , 2 V X l a r g e ) ( 3 5 % ) , w h i t e 

t o g r e e n i s h - t i n g e d p l a g i o c l a s e (An2o) ( 3 0 % ) , and p a r t i a l l y c h l o r i t i z e d 

b l a c k b i o t i t e ( 5 % ) . A p a t i t e , z i r c o n , p y r i t e and m a g n e t i t e c o m p r i s e t h e 

a c c e s s o r y m i n e r a l s . The 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 may v a r y between 

2/3 and 1/2, b u t i s p r e d o m i n a n t l y 1/2. T h e r e f o r e , t h e r o c k type i s 

c l a s s i f i e d as q u a r t z m o n z o n i t e r a t h e r t h a n g r a n i t e . 

A p l i t e i s the l e a s t abundant dyke r o c k i n the mine. I t i s 

t y p i c a l l y f i n e - g r a i n e d , p i n k , g r a p h i c t e x t u r e d , and i s composed o f q u a r t z 

( 4 0 % ) , p i n k o r t h o c l a s e ( 4 0 % ) , w h i t e p l a g i o c l a s e (An£0) ( 2 0 % ) , and l e s s 

t h a n 1% c h l o r i t i z e d b i o t i t e . 

P o r p h y r i t i c g r a n i t e i s more abundant and has l a r g e C a r l s b a d -

t w i n n e d o r t h o c l a s e p h e n o c r y s t s (1 cm.) (3%) s c a t t e r e d t h r o u g h o u t a f i n e r 

g r a i n e d , p h a n e r i t i c , s e r i a t e - t e x t u r e d m a t r i x (0.1 - 1 cm.). S e r i a t e m a t r i x 

i s composed o f q u a r t z ( 2 0 % ) , K - f e l d s p a r ( 4 5 % ) , p l a g i o c l a s e ( 2 5 % ) , and 

b i o t i t e ( 5 % ) . Z i r c o n and a p a t i t e c o m p r i s e t he a c c e s s o r y m i n e r a l s . P o r p h y r i t i c 
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g r a n i t e dykes have o n l y been o b s e r v e d to i n t r u d e the Endako q u a r t z 

m o n z o n i t e i n the mine a r e a and a r e , i n t u r n , i n t r u d e d by q u a r t z - f e l d s p a r 

p o r p h y r y . 

Q u a r t z - f e l d s p a r p o r p h y r y i s the most abundant dyke r o c k i n the 

mine v i c i n i t y . Two phases have been o b s e r v e d : (1) a brown to p i n k r o c k 

composed o f K - f e l d s p a r ( o r t h o c l a s e , 2 V X l a r g e ) (2 mm.) (1-5%) and (2) a 

brown r o c k w i t h q u a r t z ( 5 - 1 0 % ) , K - f e l d s p a r ( 1 - 5 % ) , and s a g e n i t i c b i o t i t e 

(1-3%) p h e n o c r y s t s (1-2 mm.) i n a dense, a p h a n i t i c m a t r i x (0.05 mm.). 

The l a t t e r i s termed q u a r t z - f e l d s p a r p o r p h y r y - b i o t i t e phase i n w h i c h 

c h a r a c t e r i s t i c a l l y , s c a t t e r e d K - f e l d s p a r p h e n o c r y s t s may be up t o 1 cm. 

i n l e n g t h . M a t r i x i s composed of q u a r t z ( 5 0 % ) , K - f e l d s p a r ( 4 0 % ) , 

p l a g i o c l a s e ( 5 % ) , b i o t i t e ( 5 % ) , and a c c e s s o r y m i n e r a l s o f a p a t i t e and 

z i r c o n . Q u a r t z - f e l d s p a r p o r p h y r y i n t r u d e s the Endako q u a r t z m o n z o n i t e , 

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 w h i c h makes t h i s dyke the l a t e s t p r e - o r e 

dyke i n the mine a r e a . 

P o s t - o r e b a s a l t dykes c r o s s - c u t the q u a r t z m o n z o n i t e , the 

p r e - o r e dykes and t h e m i n e r a l i z a t i o n . 

MINERALOGY, ALTERATION, AND RELATIVE VEIN AGE 

D e t a i l e d m e g a s c o p i c , p e t r o g r a p h i c , and X-ray d i f f r a c t o m e t e r 

s t u d i e s have been c o n d u c t e d on the v e i n m i n e r a l o g y and on the a t t e n d a n t 

h y d r o t h e r m a l a l t e r a t i o n . Comparison of v e i n and s p e c i f i c t y p e s of 

a l t e r a t i o n a l l o w f o r m u l a t i o n o f a m i n e r a l i z a t i o n sequence. 
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A. ALTERATION MINERALOGY 

The p r e s e n c e o r absence o f s p e c i f i c m i n e r a l phases and t h e i r 

r e l a t i o n s h i p t o each o t h e r i s the e s s e n c e of an a l t e r a t i o n s t u d y . 

I t i s e s s e n t i a l t h a t i n t r o d u c e d o r sec o n d a r y f e a t u r e s a r e n o t 

m i s t a k e n f o r p r i m a r y v a r i a t i o n s w i t h i n the Endako q u a r t z m o n z o n i t e 

h o s t . 

X - r a y a n a l y s i s o f t h e f i n e - g r a i n e d a l t e r a t i o n c l a y m i n e r a l s 

w i t h o u t the use o f D.T.A. ( D i f f e r e n t i a l Thermal A n a l y s i s ) o r h e a t 

t r e a t m e n t f a c i l i t i e s w i l l a l l o w o n l y an a p p r o x i m a t e i d e n t i f i c a t i o n . 

C o n s e q u e n t l y , the terms, s e r i c i t e , k a o l i n i t e , and m o n t m o r i l l o n i t e 
o 

r e f e r r e s p e c t i v e l y t o the p r e s e n c e of a 10A m i c a group m i n e r a l , a 

7A* k a o l i n i t e group m i n e r a l , and a 14A m o n t m o r i l l o n i t e - t y p e m i n e r a l . 

Where p r e s e n t , the l a t t e r a r e g l y c o l a t e d and the s h i f t i n 14A* peak 

i s c h e c k e d . Polymorphs o f s e r i c i t e as o u t l i n e d by V e l d e (1965) were 

n o t d e t e r m i n e d as t h i s a s p e c t o f the m i n e r a l o g y was beyond the scope 

of t h i s s t u d y . 

Three d i s t i n c t h y d r o t h e r m a l a l t e r a t i o n phases a r e o b s e r v e d 

w i t h i n the Endako o r e zone: (1) e n v e l o p e s w i t h K - f e l d s p a r ; (2) 

e n v e l o p e s w i t h s e r i c i t e ; and (3) p e r v a s i v e k a o l i n i z a t i o n . An 

e n v e l o p e i s d e f i n e d as a band o r zone of i n t r o d u c e d s i l i c a t e s around 

a c e n t r a l v e i n o r f r a c t u r e . P e r v a s i v e a l t e r a t i o n o f the q u a r t z 

m o n z o n i t e i s a l w a y s p r e s e n t t o some degree on the outward s i d e of 

the e n v e l o p e . 
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1. K - f e l d s p a r - B e a r i n g E n v e l o p e s 

E v i d e n c e of i n t r o d u c e d K - f e l d s p a r i s seen i n t h r e e d i s t i n c t 

m e g a s c o p i c forms. E n v e l o p e s of 1/8 t o 2 i n c h e s w i d t h w h i c h may 

be d e v e l o p e d a d j a c e n t t o e i t h e r q u a r t z o r q u a r t z - m o l y b d e n i t e v e i n s , 

a r e composed o f e i t h e r K - f e l d s p a r (100%) o r K - f e l d s p a r (95%) and 

q u a r t z ( 5 % ) . No o t h e r s i l i c a t e s o r m e t a l l i c phases a r e p r e s e n t i n 

the e n v e l o p e . 

A second t y p e of e n v e l o p e i s composed o f K - f e l d s p a r (90%) and 

b i o t i t e (10%) i n w h i c h q u a r t z may l o c a l l y be p r e s e n t up t o 5%. 

The K - f e l d s p a r - b i o t i t e assemblage may a l s o form l e n s e s w i t h o u t t he 

p r e s e n c e o f a c e n t r a l v e i n . These l e n s e s appear t o have been 

d e v e l o p e d a l o n g f r a c t u r e s and v e i n s i n w i d t h s up t o 24 i n c h e s . 

E n v e l o p e s a r e much more common t h a n the l e n s e s . 

A t h i r d t ype o f e n v e l o p e i s d i s t i n c t l y d i f f e r e n t i n t h a t i t 

c o n t a i n s K - f e l d s p a r ( 6 0 % or more), q u a r t z ( 3 0 % ) , b i o t i t e (up t o 

5 % ) , and a l t e r e d p l a g i o c l a s e ( 5 % o r more). T h i s type a p p e a r s t o 

be 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 / t o t a l f e l d s p a r r a t i o o v e r 

t h a t w h i c h o c c u r s i n the a d j a c e n t p e r v a s i v e l y a l t e r e d q u a r t z 

m o n z o n i t e ( q u a r t z ( 3 0 % ) , K - f e l d s p a r ( 3 5 % ) , p l a g i o c l a s e ( 3 0 % ) , 

and b i o t i t e ( 5 % ) ) . 

F i e l d o r t e x t u r a l e v i d e n c e appears t o be the o n l y r e l i a b l e 

method t o d i s t i n g u i s h h y d r o t h e r m a l K - f e l d s p a r ( e n v e l o p e s ) and 
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p r i m a r y K - f e l d s p a r ( o r i g i n a l c o n s t i t u e n t o f q u a r t z m o n z o n i t e ) . 

P e t r o g r a p h i c work shows t h a t the i n t r o d u c e d K - f e l d s p a r has 

r e p l a c e d the c o n s t i t u e n t s o f the o r i g i n a l r o c k a d j a c e n t t o the 

v e i n . 

The degree of t r i c l i n i c i t y between p r i m a r y and s e c o n d a r y 

K - f e l d s p a r was compared u s i n g an X - r a y d i f f r a c t o m e t e r . Two 

m o d i f i c a t i o n s o f K - f e l d s p a r a r e o r t h o c l a s e ( m o n o c l i n i c , d i s o r d e r e d ) 

and m i c r o c l i n e ( t r i c l i n i c , o r d e r e d ) . W i t h f a l l i n g t e m p e r a t u r e , 

d i s o r d e r e d o r t h o c l a s e w i l l become more o r d e r e d and i t s s t r u c t u r e 

w i l l become p r o g r e s s i v e l y t r i c l i n i c . R e s u l t s of the X - r a y 

a n a l y s i s showed o n l y the d i s o r d e r e d , m o n o c l i n i c f o r m , o r t h o c l a s e . 

O b s e r v a t i o n s i n d i c a t e t h a t p i n k o r salmon c o l o u r e d K - f e l d s p a r 

can e x i s t e i t h e r i n e n v e l o p e s or as a p r i m a r y c o n s t i t u e n t . I t i s 

a l s o p o s s i b l e t o g e t b o t h c o l o u r s i n the K - f e l d s p a r c r y s t a l s w i t h o u t 

any a p p a r e n t o p t i c a l d i f f e r e n c e i n t h i n s e c t i o n . O c c a s i o n a l l y 

under h i g h m a g n i f i c a t i o n , the salmon p i n k c o l o u r e d p o r t i o n w i l l 

show the p r e s e n c e of m i n u t e r e d specks w h i c h c o u l d be f i n e l y 

d i v i d e d powdery h e m a t i t e . X - r a y p a t t e r n s o f the two c o l o u r t y p e s 

e l i m i n a t e d the p o s s i b i l i t y o f more t h a n one K - f e l d s p a r m o d i f i c a t i o n . 

The c o n c l u s i o n i s t h a t salmon p i n k c o l o u r e d K - f e l d s p a r does not 

n e c e s s a r i l y i n d i c a t e the p r e s e n c e of h y d r o t h e r m a l K - f e l d s p a r and 

t h a t the p r o b a b l e cause of the c o l o u r a t i o n i s f i n e l y d i v i d e d 

h e m a t i t e . 
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2. S e r i c i t e - B e a r i n g E n v e l o p e s 

A g r e y , m e g a s c o p i c a l l y sharp e n v e l o p e i s d e v e l o p e d on 

q u a r t z - m o l y b d e n i t e and/or m a g n e t i t e and on q u a r t z - p y r i t e v e i n s 

i n w i d t h s f r o m l / 8 t h t o 2 i n c h e s . T h i s type o f e n v e l o p e i s 

composed of q u a r t z (55 t o 6 0 % ) , s e r i c i t e (10&) (30 - 3 5 % ) , and 

f i n e l y d i s s e m i n a t e d p y r i t e (1 - 5 % ) . X- r a y d i f f T a c t o m e t e r 

p a t t e r n s o f the e n v e l o p e s show an absence of k a o l i n i t e (7&) o r 

m o n t m o r i l l o n i t e (14&) peaks. W i t h i n the e n v e l o p e , the o r i g i n a l 

r o c k K - f e l d s p a r , p l a g i o c l a s e , and b i o t i t e have been r e p l a c e d by 

s e r i c i t e and q u a r t z . I r o n f r o m the breakdown of the b i o t i t e has 

been s u l p h i d i z e d t o form p y r i t e . The m a j o r i t y of g r e y e n v e l o p e s 

have t h i s m i n e r a l o g y . S e r i c i t i c e n v e l o p e s a r e l e s s common th a n 

K - f e l d s p a r - b e a r i n g e n v e l o p e s . 

I n o n l y a few c a s e s , the development o f the e n v e l o p e does 

n o t appear t o be c o m p l e t e . I n t h e s e , s e r i c i t i z e d b i o t i t e , r e l i c t 

f e l d s p a r , and a v e r y f i n e - g r a i n e d p r e s e n t l y u n i d e n t i f i e d m i n e r a l 

may be p r e s e n t i n a d d i t i o n t o the q u a r t z , s e r i c i t e , and p y r i t e . 

The u n i d e n t i f i e d m i n e r a l i s w h i t e o r g r e y and has the f o l l o w i n g 

p r o p e r t i e s i n t h i n s e c t i o n : c o l o u r l e s s , u n t w i n n e d , low n e g a t i v e 

r e l i e f w i t h r e s p e c t t o Canada balsam, b i r e f r i n g e n c e of about 

.007, o p t i c a l l y p o s i t i v e ( ? ) w i t h 2V Z l a r g e ( ? ) , and w i t h ' r ' 

l e s s t h a n 'v' about Z. These p r o p e r t i e s agree w i t h gypsum b u t 

the p r e s e n c e o f gypsum has n o t been c o n f i r m e d . 
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To d a t e , t h r e e examples of 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 

have been o b s e r v e d a d j a c e n t t o a v e i n i n w h i c h a p i n k m i n e r a l 

o c c u r s i n a d d i t i o n t o the r e g u l a r v e i n phases. P e t e r s o n , G i l b e r t , 

and Q u i c k (1946) who worked on the C a s t l e Dome d e p o s i t i n A r i z o n a 

d e s c r i b e d 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 i n w h i c h the o r i g i n a l 

r o c k o r t h o c l a s e i s u n s t a b l e and i s a l t e r e d t o s e r i c i t e w h i l e a t 

the same t i m e , a d u l a r i a ( d i s o r d e r e d , low t e m p e r a t u r e m o d i f i c a t i o n 

o f o r t h o c l a s e ) i s d e p o s i t e d i n the v e i n . T h e i r d e s c r i p t i o n c o u l d 

a l s o agree w i t h t h o s e few c a s e s of a p i n k m i n e r a l i n a v e i n w i t h 

a s e r i c i t i c e n v e l o p e a t Endako. The s i g n i f i c a n c e o f t h i s 

assemblage i s d i f f i c u l t t o a s s e s s because t h e i r abundance i s 

e x t r e m e l y m i n o r . 

3. P e r v a s i v e K a o l i n i z a t i o n 

P l a g i o c l a s e i s the most s e n s i t i v e i n d i c a t o r o f p r o g r e s s i v e 

p e r v a s i v e a l t e r a t i o n between the outward l i m i t o f an e n v e l o p e 

and f r e s h q u a r t z m o n z o n i t e . The m i n e r a l o g i c a l change from h a r d 

g r e y p l a g i o c l a s e i n f r e s h r o c k t o a s o f t g r e e n i s h m i x t u r e o f 

k a o l i n i t e and s e r i c i t e i s s u f f i c i e n t l y d i s t i n c t t o a l l o w 

c l a s s i f i c a t i o n . 

(a) U n a l t e r e d Q u a r t z M o n z o n i t e 

F r e s h e q u i g r a n u l a r q u a r t z m o n z o n i t e i s composed of 

q u a r t z ( 3 0 % ) , p i n k K - f e l d s p a r ( p e r t h i t i c o r t h o c l a s e , 2 V X 
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l a r g e ) ( 3 5 % ) , h a r d g r e y p l a g i o c l a s e ( t w i n n e d and g e n e r a l l y 

n o t zoned, 20(131) - 20(131) = 1.50 (An20>) ( 3 0 % ) , and b l a c k 

b i o t i t e ( 5 % ) . A c c e s s o r y m i n e r a l s a r e a p a t i t e , z i r c o n , sphene, 

and m a g n e t i t e . 

(b) Weak K a o l i n i z a t i o n 

Weakly k a o l i n i z e d q u a r t z m o n z o n i t e has q u a r t z ( 3 0 % ) , 

p i n k o r t h o c l a s e ( 3 5 % ) , g r e e n i s h g r e y p l a g i o c l a s e ( 3 0 % ) , and 

b l a c k o r c h l o r i t i z e d b i o t i t e ( 5 % ) . A c c e s s o r y m i n e r a l s a r e 

a p a t i t e , z i r c o n , and m a g n e t i t e or powdery h e m a t i t e . The 

g r e e n i s h - t i n g e d p l a g i o c l a s e g e n e r a l l y shows a h a r d g r e y r i m 

and a s o f t e r g r e e n i s h c o r e . X - r a y a n a l y s i s o f the c o r e and 

r i m i n d i c a t e t h a t the p l a g i o c l a s e i s An20 (20(131) - 20(131) 

= 1.50) and t h a t the major a l t e r a t i o n p r o d u c t s a r e k a o l i n i t e 

and s e r i c i t e . M i n o r 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 

a r e l o c a l l y p r e s e n t when the s o f t c o r e has w h i t e 'specks' 

w h i c h w i l l n o t i c e a b l y s w e l l when a f r e s h l y b r o k e n r o c k s u r f a c e 

i s exposed t o t h e a i r . 

I n t h i n s e c t i o n , m i n u t e amounts of a c a r b o n a t e , p r o b a b l y 

c a l c i t e a r e seen a l o n g w i t h a b r o w n i s h t o g r e e n i s h , w e a k l y 

p l e o c h r o i c m i n e r a l w h i c h may p o s s i b l y be a m i x t u r e of the 

c l a y m i n e r a l s and c h l o r i t i z e d b i o t i t e o r c h l o r i t e . T h i s 

g r e e n i s h m i n e r a l i s g e n e r a l l y c o n f i n e d t o c e r t a i n more c a l c i c 

zones w h i c h e x i s t e d i n the o r i g i n a l p l a g i o c l a s e . I t may a l s o 
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be found a l o n g m i n u t e f r a c t u r e s w h i c h c r o s s - c u t the 

z o n i n g i n the p l a g i o c l a s e . The c a r b o n a t e and c h l o r i t e 

( ? ) a r e n o t p r e s e n t i n s u f f i c i e n t q u a n t i t i e s t o be 

d e t e c t e d by X-ray. 

R e c o g n i t i o n o f t h i s c l a s s i f i c a t i o n i s based on the 

p r e s e n c e of zoned p l a g i o c l a s e c r y s t a l s w i t h a h a r d g r e y 

r i m and a s o f t g r e e n c o r e w h i c h l o c a l l y may show w h i t e 

'specks' t h a t s w e l l on e x p o s u r e i n a i r , and on the 

p r e s e n c e o f K - f e l d s p a r w h i c h has not been a t t a c k e d . 

( c ) Moderate K a o l i n i z a t i o n 

M o d e r a t e l y k a o l i n i z e d q u a r t z m o n z o n i t e has the same 

r e l a t i v e m i n e r a l p e r c e n t a g e s as the w e a k l y k a o l i n i z e d r o c k . 

A c c e s s o r y m i n e r a l s a r e a l s o the same. K - f e l d s p a r i s not 

a t t a c k e d and the m a f i c i s e i t h e r b l a c k o r c h l o r i t i z e d 

b i o t i t e . The ' p l a g i o c l a s e ' has c o m p l e t e l y b r o k e n down and 

i s e i t h e r a s o f t homogeneously p a l e g r e e n or w h i t e c o l o u r e d 

m i x t u r e o f c l a y m i n e r a l s . X - r a y a n a l y s i s i n d i c a t e s o n l y the 

p r e s e n c e of k a o l i n i t e and s e r i c i t e . M o n t m o r i l l o n i t e i s n o t 

p r e s e n t and appears o n l y as an a l t e r a t i o n phase when the 

p e r v a s i v e a l t e r a t i o n i s weak. 

I n t h i n s e c t i o n , the s o f t w h i t e o r homogeneous p a l e 

g r e e n ' p l a g i o c l a s e ' shows s e r i c i t e , k a o l i n i t e , c a r b o n a t e 

( c a l c i t e ( ? ) ) , and c h l o r i t i c m a t e r i a l i n a p a t t e r n w h i c h 
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r e s e m b l e s the r e l i c t c o r e d e s c r i b e d f o r the Weak 

K a o l i n i z a t i o n . S i n c e the degree of a l t e r a t i o n i s 

r e l a t i v e l y more i n t e n s e , the h a r d r i m i s now seen as a 

k a o l i n i t e - r i c h band w h i c h s u r r o u n d s the above d e s c r i b e d 

a l t e r e d c o r e . S e r i c i t e f l a k e s have n o t been o b s e r v e d 

i n t h i s k a o l i n i t e r e p l a c e m e n t o f the o r i g i n a l p l a g i o c l a s e 

r i m . B i o t i t e may be s a g e n i t i c and g e n e r a l l y has m i n u t e 

r u t i l e g r a i n s c l u s t e r e d around the p e r i p h e r y o f the 

b i o t i t e f l a k e . 

R e c o g n i t i o n of t h i s c l a s s i f i c a t i o n i s based on the 

p r e s e n c e o f u n a t t a c k e d p i n k K - f e l d s p a r and the complete 

breakdown o f p l a g i o c l a s e . 

(d) I n t e n s e K a o l i n i z a t i o n 

I n t e n s e l y k a o l i n i z e d q u a r t z m o n z o n i t e has q u a r t z ( 3 0 % ) , 

p a l e b l e a c h e d ' K - f e l d s p a r ' (30 - 3 5 % ) , p a l e g r e e n i s h o r 

w h i t i s h a r e a s ( o r i g i n a l l y p l a g i o c l a s e ) (30 - 3 5 % ) , and 

f r e s h b l a c k t o b l e a c h e d b i o t i t e (0 - 5 % ) . A c c e s s o r y 

m i n e r a l s a r e a p a t i t e , z i r c o n and sphene ( ? ) . M a g n e t i t e , 

powdery h e m a t i t e o r p y r i t e may be p r e s e n t i n t r a c e amounts. 

P e t r o g r a p h y and X - r a y a n a l y s i s i n d i c a t e t h a t o r i g i n a l 

p l a g i o c l a s e has c o m p l e t e l y b r o k e n down to k a o l i n i t e and 

s e r i c i t e and t h a t the r e s i d u a l K - f e l d s p a r has been r e p l a c e d 

by k a o l i n i t e and a l i t t l e s e r i c i t e . 
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Some w h i t i s h ( o r i g i n a l l y p l a g i o c l a s e ) m a t e r i a l 

o c c u r s w i t h i n a g r e e n i s h a r e a ( a l s o o r i g i n a l l y p l a g i o c l a s e ) 

and a d j a c e n t t o b l e a c h e d p i n k o r t h o c l a s e . X - r a y p a t t e r n s 

o f b o t h t y p e s of a l t e r e d p l a g i o c l a s e were i d e n t i c a l . 

P e t r o g r a p h i c e v i d e n c e i n d i c a t e d a g r e a t e r development of 

v e r y f i n e - g r a i n e d b i o t i t e p l a t e s i n the w h i t e k a o l i n i t e -

r i c h a l t e r e d p l a g i o c l a s e g r a i n s r e l a t i v e t o the g r e e n i s h 

a l t e r e d p l a g i o c l a s e . T h i s s u g g e s t s t h a t i r o n w h i c h may 

i m p a r t a g r e e n i s h c o l o u r a t i o n t o k a o l i n i t e i n one c a s e , 

has been f i x e d i n b i o t i t e i n the o t h e r c a s e and c o n s e q u e n t l y 

the c o e x i s t i n g k a o l i n i t e i s w h i t e . T h i s a g r e e s w i t h the 

c o e x i s t e n c e of seco n d a r y b i o t i t e w i t h k a o l i n i t e i n the 

i n t e n s e l y k a o l i n i z e d r o c k s . 

R e c o g n i t i o n of t h i s c l a s s i f i c a t i o n i s based on the 

p r e s e n c e o f c o m p l e t e l y a l t e r e d p l a g i o c l a s e and n o t i c e a b l y 

a t t a c k e d K - f e l d s p a r . 

B. VEIN MINERALOGY 

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 orebody i s s i m p l e . M o l y b d e n i t e , 

m a g n e t i t e and p y r i t e a r e t h e most abundant w i t h t r a c e amounts of 

c h a l c o p y r i t e , b o r n i t e , s c h e e l i t e , and s p e c u l a r i t e . B o r n i t e and 

s p e c u l a r i t e a r e s u b o r d i n a t e t o c h a l c o p y r i t e i n abundance. 
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Two t y p e s of m o l y b d e n i t e m i n e r a l i z a t i o n o c c u r w i t h i n the 

orebody. The most p r o m i n e n t m i n e r a l i z a t i o n i s the 6 i n c h t o 4 

f o o t wide c o n t i n u o u s q u a r t z v e i n w i t h c h a r a c t e r i s t i c r i b b o n s o f 

m o l y b d e n i t e . Some m o l y b d e n i t e o c c u r s as v e r y f i n e l y d i v i d e d g r a i n s 

w i t h i n the q u a r t z v e i n s . The second type o c c u r s as f i n e 

f r a c t u r e s f i l l e d w i t h q u a r t z - m o l y b d e n i t e i n the form of a s t o c k -

work a d j a c e n t t o and s u r r o u n d i n g the major q u a r t z v e i n s . T h i s 

zone of s t o c k w o r k forms a h a l o of economic m i n e r a l i z a t i o n around 

the m a jor q u a r t z v e i n s and may v a r y i n w i d t h from 20 t o 200 f e e t . 

The appearance and m a g n e t i c s u s c e p t i b i l i t y of m a g n e t i t e i n 

q u a r t z - m a g n e t i t e v e i n s v a r i e s w i t h d e p t h . Near s u r f a c e , ' m a g n e t i t e ' 

i s termed 'powdery h e m a t i t e ' as i t has a r e d s t r e a k , i s non-magnetic 

and g i v e s o n l y h e m a t i t e peaks on an X - r a y p a t t e r n . W i t h d e p t h , 

powdery h e m a t i t e becomes w e a k l y t o s t r o n g l y m a g n e t i c and the 

c o l o u r and s t r e a k change s i m u l t a n e o u s l y from r e d t o b r o w n i s h b l a c k 

or b l a c k . A p o l i s h e d s e c t i o n of a b l a c k m a g n e t i t e w i t h a b r o w n i s h 

s t r e a k showed t h a t v e r y f i n e h e m a t i t e g r a i n s had d e v e l o p e d a l o n g 

u n o r i e n t e d f r a c t u r e s w i t h i n the m a g n e t i t e . I r o n , o r i g i n a l l y i n 

m a g n e t i t e has been d i s s o l v e d as f e r r o u s i r o n and o x i d i z e d t o 

i n s o l u b l e f e r r i c o x i d e or h e m a t i t e . A r e a c t i o n o f the f o l l o w i n g 

t ype i s thought t o o c c u r : 

2Fe~H~ + % 0 2 + 2H20 = Fe203 + 4H +. 
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T h i s v a r i a t i o n i n the m a g n e t i t e w i t h d e p t h s u g g e s t s t h a t the 

development of h e m a t i t e i s s e c o n d a r y and i s p r o b a b l y r e l a t e d t o 

a T e r t i a r y e r o s i o n s u r f a c e . 

I t must be n o t e d t h a t q u a r t z - s p e c u l a r i t e v e i n s do o c c u r as 

a l a t e f e a t u r e i n the development of the Endako s t o c k w o r k . These 

v e i n s s h o u l d n o t be c o n f u s e d w i t h the above s e c o n d a r y change o f 

m a g n e t i t e t o powdery h e m a t i t e . 

O c c u r r e n c e o f c h a l c o p y r i t e i s g e n e r a l l y c o i n c i d e n t w i t h 

p y r i t e and m a g n e t i t e i n the l a r g e r q u a r t z - m o l y b d e n i t e v e i n s . 

Specks of b o r n i t e a r e r a r e l y seen bu t when o b s e r v e d t h e y a r e on 

f r a c t u r e s n e a r c h a l c o p y r i t e . 

C. AGE RELATIONS OF VEIN AND ALTERATION TYPES 

A sequence of r e l a t i v e v e i n ages and a l t e r a t i o n t y p e s has 

been c o m p i l e d f r o m numerous o b s e r v a t i o n s o f 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 l o g g i n g d r i l l c o r e and i n mapping the open p i t . These are l i s t e d 

i n F i g u r e 1. The v a r i o u s s t a g e s o u t l i n e d i n F i g u r e 1 a r e superimposed 

on each o t h e r w i t h t h e i r n e t r e s u l t b e i n g the Endako s t o c k w o r k . I t 

must be n o t e d t h a t f i v e t o seven i n d i v i d u a l c r o s s - c u t t i n g f e a t u r e s 

may be p r e s e n t i n a s i n g l e hand specimen. 

The f o l l o w i n g t y p e o f o b s e r v a t i o n i s the b a s i s f o r F i g u r e 1. A 

q u a r t z - m o l y b d e n i t e v e i n w i t h a K - f e l d s p a r e n v e l o p e may be i n t e r s e c t e d 

by a q u a r t z - m o l y b d e n i t e v e i n w i t h a 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 
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STAGE VEIN ENVELOPE 

( o l d e s t ) 

Qu, 
Qu-Mo 
Qu-Mag 

a) K-spar 
b) K - s p a r - B i o . , 
c) Q u - K - s p a r - B i o - ( m i n o r 

a l t e r e d p l a g i o c l a s e ) 

(Qu-Mo-minor K-spar) (Qu-Ser-Py) ( ( ? ) ) 

Qu-Mag 
Qu-Mo 
Qu-Mag-Mo 

( a l l t P y s C p y , Bn) 

Qu-Py (- Mo, Mag) 

Qu-Ser-Py; 
Qu-Ser-Py 
Qu-Ser-Py 

Qu-Ser-Py ( ( P y r i t e Zone)) 

3* 
Qu-Mo 
Qu-Mag 
Qu-Mag-Mo 
( t Py, Cpy) 

((No e n v e l o p e s ) ) 

4* Qu-Py 
((No e n v e l o p e s ) ) 

( O c c a s i o n a l l y , may have 
'b l e a c h e d h a l o ' around v e i n s ) 

Spec-minor Qu 
C a l c i t e 
C h a l c e d o n y 

((No e n v e l o p e s ) ) 

( y o u n g e s t ) 

L a t e u n f i l l e d 
f r a c t u r e s 

FIGURE 1: T a b l e showing r e l a t i v e ages of v e i n s and e n v e l o p e s . (The 
f o l l o w i n g n o t a t i o n i s used: Qu - q u a r t z ; K-spar - K - f e l d s p a r ; 
B i o - b i o t i t e ; Ser - s e r i c i t e ; Mo - m o l y b d e n i t e ; Mag - m a g n e t i t e ; 
Py - p y r i t e ; Cpy - c h a l c o p y r i t e ; Bn - b o r n i t e ; Spec - s p e c u l a r i t e ) 

B a r r e n q u a r t z v e i n s may a l s o o c c u r w i t h S t a g e s 3 and 4. 
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w i t h o u t any o f f s e t . The r e l a t i v e age can be deduced because the 

i n t r o d u c e d K - f e l d s p a r of the f i r s t e n v e l o p e has been r e p l a c e d by 

s e r i c i t e a t the i n t e r s e c t i o n a r e a o f two v e i n s . The p r o b l e m o f 

geometry o f zoned a l t e r a t i o n around c e n t r a l v e i n s o r f r a c t u r e s has 

been d i s c u s s e d by Meyer and Hemley (1967) p. 180 - 183. 

Three K - f e l d s p a r - b e a r i n g e n v e l o p e s a r e shown i n Stage 1. There 

does not appear t o be any c o r r e l a t i o n between a s p e c i f i c t y p e o f 

e n v e l o p e and the v e i n m i n e r a l o g y . S i m i l a r l y , t h e r e i s no a p p a r e n t 

c o r r e l a t i o n between s p e c i f i c v e i n m i n e r a l s and s e r i c i t i c e n v e l o p e s . 

However, w i t h i n the orebody, the f o l l o w i n g g e n e r a l i z a t i o n i s t r u e : 

K - f e l d s p a r - b e a r i n g e n v e l o p e s a r e more commonly d e v e l o p e d on q u a r t z -

m o l y b d e n i t e v e i n s and s e r i c i t i c e n v e l o p e s a r e more commonly d e v e l o p e d 

on q u a r t z - m a g n e t i t e v e i n s . The p r e s e n c e of m a g n e t i t e and m o l y b d e n i t e 

w i t h b o t h e n v e l o p e t y p e s o n l y p o i n t s out t h a t m a g n e t i t e has p l a y e d an 

i n t e g r a l p a r t i n the m i n e r a l i z a t i o n h i s t o r y . 

W i d t h o f e n v e l o p e s does not appear t o bear any r e l a t i o n t o v e i n 

w i d t h and/or v e i n m i n e r a l o g y . F o r example, o b s e r v a t i o n s i n d i c a t e 

t h a t a 1 i n c h K - f e l d s p a r e n v e l o p e can o c c u r on a l / 8 t h i n c h q u a r t z -

m o l y b d e n i t e v e i n as o f t e n as a \ i n c h K - f e l d s p a r e n v e l o p e can o c c u r 

on a 1 i n c h q u a r t z - m o l y b d e n i t e v e i n . The w i d t h o f the e n v e l o p e i s 

dependent on the l e n g t h of time t h a t the o r i g i n a l f r a c t u r e was open 

to the a l t e r i n g and m i n e r a l i z i n g f l u i d . Maximum e n v e l o p e w i d t h r e c o r d e d 

i s 8 i n c h e s . 
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There a r e a few q u a r t z - m o l y b d e n i t e v e i n s w h i c h c o n t a i n a p i n k 

K - f e l d s p a r and w h i c h have a 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 . T h e i r 

r e l a t i v e p o s i t i o n i n F i g u r e 1 i s n o t a c c u r a t e l y known. They a r e 

grouped w i t h the o t h e r examples of s e r i c i t i c e n v e l o p e s and a r e 

t h o u g h t t o be a p o s s i b l e t r a n s i t i o n phase between S t a g e s 1 and 2. 

A 200 t o 500 f o o t zone r i c h i n p y r i t e o c c u r s a l o n g the s o u t h 

s i d e o f the orebody. W i t h i n t h i s zone, s e r i c i t i c e n v e l o p e s up t o 

1/2 i n c h a r e d e v e l o p e d on q u a r t z - p y r i t e m o l y b d e n i t e and/or m a g n e t i t e ) 

v e i n s b u t w i t h i n the orebody s e r i c i t i c e n v e l o p e s a r e d e v e l o p e d on 

q u a r t z - m a g n e t i t e - m o l y b d e n i t e p y r i t e ) v e i n s . 

The s t o c k w o r k must have been under t e n s i o n a l s t r e s s d u r i n g the 

f o r m a t i o n o f the l a r g e r i c h q u a r t z - m o l y b d e n i t e v e i n s w i t h o u t 

e n v e l o p e s ( S t a g e 3 ) . These v e i n s have been reopened s e v e r a l t i m e s 

t o a l l o w the p r e c i p i t a t i o n of as many as 21 i n d i v i d u a l m o l y b d e n i t e 

r i b b o n s o v e r a w i d t h o f a p p r o x i m a t e l y 8 i n c h e s . Assuming t h a t two 

r i b b o n s were formed a l o n g the w a l l s d u r i n g each f r a c t u r e p e r i o d , t h e r e 

w ould have been a minimum of 10 f r a c t u r e p e r i o d s i n the f o r m a t i o n 

of a v e i n o f t h i s t y p e . 

Q u a r t z - p y r i t e v e i n s w i t h o u t s e r i c i t i c e n v e l o p e s i n the orebody 

and p y r i t e zone o c c a s i o n a l l y have a ' b l e a c h e d h a l o ' w i t h a w i d t h up 

t o \ i n c h . There i s no d i f f e r e n c e i n r o c k t e x t u r e w i t h i n the h a l o 

but the f o l l o w i n g f e a t u r e s can be n o t e d : (1) b i o t i t e i s not p r e s e n t ; 

(2) a l t e r e d g r e e n i s h p l a g i o c l a s e i n the r o c k has t u r n e d w h i t e ; 
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(3) p i n k o r salmon p i n k K - f e l d s p a r may be p r e s e n t , and (4) the 

a c c e s s o r y w i t h i n the h a l o i s p y r i t e w h i l e o u t s i d e , i t i s an i r o n 

o x i d e . T h i s s u g g e s t s t h a t w i t h i n the h a l o Mg and Fe have been 

l e a c h e d as b i o t i t e has been removed, a l t e r e d p l a g i o c l a s e has been 

b l e a c h e d w h i t e and t h a t Fe has been s u l p h i d i z e d and f i x e d as p y r i t e . 

The d i s t i n c t i o n i s made between e n v e l o p e and h a l o because t he 

e n v e l o p e s have changed the r o c k m i n e r a l o g y a d j a c e n t t o a v e i n w h i l e 

t h i s b l e a c h e d h a l o i n d i c a t e s o n l y the l e a c h i n g of Mg and Fe and the 

r e p r e c i p i t a t i o n o f the Fe as p y r i t e . These h a l o s a r e o f mino r 

abundance and cannot be shown as a s e p a r a t e s t a g e i n F i g u r e 2. 

Outward from Stage 3 and 4 v e i n s , the degree o f k a o l i n i z a t i o n 

may v a r y f r o m Weak t o I n t e n s e . There i s no c o r r e l a t i o n between the 

i n t e n s i t y o f p e r v a s i v e a l t e r a t i o n and the v e i n m i n e r a l o g y . However, 

w i t h i n t he s t o c k w o r k , the most commonly e n c o u n t e r e d a l t e r a t i o n type 

would l i e between Weak and Moderate K a o l i n i z a t i o n . T h e r e f o r e , i n 

g e n e r a l , the p e r v a s i v e a l t e r a t i o n type outward from a Stage 3 o r 4 

v e i n o r Stage 1 o r 2 e n v e l o p e w i l l range between Weak t o Moderate 

K a o l i n i z a t i o n . 

I t i s d o u b t f u l i f t h e r e i s any a l t e r a t i o n o f the q u a r t z m o n z o n i t e 

by v e i n s o r f r a c t u r e s o f Stages 5 o r 6. A few q u a r t z - s p e c u l a r i t e v e i n s 

were o b s e r v e d w i t h i n an i n t e n s e l y k a o l i n i z e d shear zone but as the v e i n 

was n o t b r o k e n , i t may have f o l l o w e d a p r e v i o u s l y d e v e l o p e d s h e a r . 

C a l c i t e o c c u r s as l a t e v e i n s , as open space f i l l i n g ( c a l c i t e rhombs 
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up t o 1 i n c h ) and as a b r e c c i a m a t r i x t o q u a r t z - m o l y b d e n i t e v e i n e d 

and a l t e r e d q u a r t z m o n z o n i t e . Chalcedony may be found w i t h the 

c a l c i t e . 

D. CHEMICAL CONTROLS 

Development and u n d e r s t a n d i n g o f the s e q u e n t i a l n a t u r e of the 

m i n e r a l i z a t i o n and i t s a t t e n d a n t h y d r o t h e r m a l a l t e r a t i o n w i t h i n the 

Endako s t o c k w o r k a l l o w s p o s t u l a t i o n o f some o f the c h e m i c a l c o n t r o l s 

i n v o l v e d . 

The i n t e r r e l a t i o n s h i p of K - f e l d s p a r - and s e r i c i t e - b e a r i n g 

e n v e l o p e s and t h e p r e s e n c e o f p e r v a s i v e k a o l i n i z a t i o n i s s u g g e s t e d by 

Hemley ( 1 9 5 9 ) and Hemley and Jones ( 1 9 6 4 ) . K - f e l d s p a r e n v e l o p e s 

were d e v e l o p e d e a r l i e r t h a n s e r i c i t e e n v e l o p e s as seen by c r o s s - c u t t i n g 

r e l a t i o n s where s e r i c i t e has r e p l a c e d the i n t r o d u c e d K - f e l d s p a r . 

Outward f r o m t h e s e e n v e l o p e s and outward from the Stage 3 and 4 v e i n s , 

the r o c k has been p e r v a s i v e l y k a o l i n i z e d . T e x t u r a l e v i d e n c e i n d i c a t e s 

t h a t the k a o l i n i z a t i o n must have d e v e l o p e d d u r i n g the f o r m a t i o n of the 

v e i n s w i t h and w i t h o u t e n v e l o p e s . L a t e v e i n s and f r a c t u r e s of Stage 

5 and 6 a r e c o n s i d e r e d t o be p o s t a l t e r a t i o n and c o n s e q u e n t l y , a r e 

n o t p a r t of t h i s d i s c u s s i o n . 

The q u e s t i o n o f c o n t r o l would depend on the method t h a t Time 1 

c o n d i t i o n s were changed t o Time 2 or Time 3 c o n d i t i o n s (see F i g u r e 2 ) . 

From the e x p e r i m e n t a l work of Hemley ( 1 9 5 9 ) ( F i g u r e 3 ) , the mechanism 

c o u l d be e i t h e r t e m p e r a t u r e o r the a c t i v i t y r a t i o of K^/h"*". 
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Qu-MoSo Vein with K-feldspar Envelope. 
(TIME 1) 

^ . > {K-feldspar r a p l a c a d by s o r i c i t a ) 

Qu.-MoS 2 

Vein 
N (TIME 3) 

Qu.-MoS 2 Vein 
with Quartz -
Sericite - Pyrite 
Envelope. 
(TIME 2) 

Figure 2 t Diagram illustrating time relationships of major 
veining events during mineralization. (Host rook is pervasively 
altered outward from veins with or without envelopes.) 
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Circled numbers relate curves to following equations: 
3/2KAlSi 30 Q + H + * 1/2KAl 3Si 30 1 0(OH) 2 + 3Si0 2 + K+, ® 
(K-feldspar) (sericite) 

KAl 5Si 30 1 0(0H) 2 + H + + 3/2H20 = 3/2Al 2Si 20 5(0H) 4 + K +. © 
(sericite) (kaolinite) 

Figure 3: Reaction curves for the system K ?0-Al ?0--Si0 2~H p0 # 

After Hemley (1959). (Line A-B-C is explained fn^textf) 
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Temperature must have changed between Time 1 and Time 3 c o n d i t i o n s 

but i t i s p o s s i b l e t h a t the t e m p e r a t u r e d i f f e r e n c e was not g r e a t . 

C o n s i d e r a c a s e such as shown i n F i g u r e 2 where a q u a r t z - m o l y b d e n i t e 

v e i n i s imposed on a q u a r t z - m o l y b d e n i t e v e i n w i t h a 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 w h i c h has been imposed on a q u a r t z - m o l y b d e n i t e v e i n 

w i t h a K - f e l d s p a r e n v e l o p e . Temperature v a r i a t i o n f r o m the v e i n w i t h 

the K - f e l d s p a r e n v e l o p e would have t o be i n the o r d e r o f 100 degrees C. 

o v e r perhaps an i n c h . A g r a d i e n t of t h i s magnitude i s u n l i k e l y and 

w o uld be a v e r y d i f f i c u l t mechanism t o e x p l a i n the r e s u l t a n t m i n e r a l o g y . 

The Endako d e p o s i t can be c o n s i d e r e d t o be more or l e s s i s o t h e r m a l 

d u r i n g m i n e r a l i z a t i o n b u t i t must be c o n c l u d e d t h a t some t e m p e r a t u r e 

change o c c u r r e d between Time 1 and Time 3. The major c o n t r o l i s more 

l o g i c a l l y a s s i g n e d t o v a r i a t i o n s i n the a c t i v i t y r a t i o o f K +/H +. 

The r e l a t i v e ages and the d i f f e r e n t m i n e r a l assemblages are i n 

agreement w i t h the e x p e r i m e n t a l o b s e r v a t i o n s of Hemley (19 5 9 ) . The 
1 1 

mechanism s u g g e s t s a p r o g r e s s i v e i o n l e a c h i n g or m i g r a t i o n of Ca , 

Na , Mg , Fe , and F e " '„ toward the v e i n w i t h a s i m u l t a n e o u s m i g r a t i o n 

o f K + and H + outward from the v e i n . H + and K + would d i f f u s e i n t o the 

r o c k i n r e s p o n s e t o c o n c e n t r a t i o n g r a d i e n t s f r o m the v e i n . The K /H 

a c t i v i t y r a t i o w ould t h e n v a r y outward from the v e i n i n some n o n - l i n e a r 

manner w h i c h i s dependent on the r a t e o f s u p p l y o f h e a t , K +, pH, and on 

the r a t e of r e m o v a l of l e a c h e d c o n s t i t u e n t s . I r o n may n o t be removed i n 

the case o f the K - f e l d s p a r - b i o t i t e o r 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 



- 24 -

where the i r o n i s f i x e d i n the b i o t i t e o r s u l p h i d i z e d to p y r i t e 

r e s p e c t i v e l y . U s i n g t h i s c o n c e p t o f two-way m i g r a t i o n and f i x a t i o n , 

development of K - f e l d s p a r and s e r i c i t e - b e a r i n g e n v e l o p e s and the 

absence of an e n v e l o p e can be e x p l a i n e d by the same c h e m i c a l c o n t r o l 

i n e s s e n t i a l l y an i s o t h e r m a l e n v i r o n m e n t . 

U s i n g Hemley's c u r v e s , i t i s s u g g e s t e d t h a t f o r Stage 1 v e i n s 

w i t h K - f e l d s p a r e n v e l o p e s , the a c t i v i t y r a t i o of K /H a t Time 1 

must have been i n the K - f e l d s p a r f i e l d . K - f e l d s p a r a d j a c e n t to t h e s e 

v e i n s has c o m p l e t e l y changed the m i n e r a l o g y and t e x t u r e o f the o r i g i n a l 

r o c k . A t some l a t e r time (Time 2 ) , the a c t i v i t y r a t i o was w i t h i n the 

K-mica ( s e r i c i t e ) f i e l d as s e r i c i t e r e p l a c e s the e a r l i e r i n t r o d u c e d 

K - f e l d s p a r as w e l l as c h a n g i n g the m i n e r a l o g y and t e x t u r e o f the 

o r i g i n a l r o c k . The K + / H + r a t i o would f u r t h e r d e c r e a s e w i t h time 

(Time 3) and w o u l d move i n t o t h e f i e l d of k a o l i n i t e . I t must a l s o be 

n o t e d t h a t a K + / H + d e c r e a s e w i l l o c c u r outward from v e i n s w i t h or 

w i t h o u t e n v e l o p e s . T h i s l a t t e r mechanism i s the cause o f the p e r v a s i v e 

k a o l i n i z a t i o n . 

The g e n e r a l t r e n d i n the change o f the a c t i v i t y r a t i o w i t h TIME 

i s i l l u s t r a t e d by l i n e A-B-C ( F i g u r e 3 ) . P o i n t A w ould r e p r e s e n t the 

Stage 1 v e i n s and development o f K - f e l d s p a r e n v e l o p e s a t Time 1; p o i n t 

B w ould r e p r e s e n t Stage 2 v e i n s and development of s e r i c i t i c e n v e l o p e s 

a t Time 2; and p o i n t C would r e p r e s e n t the development o f Stage 3 v e i n s 

w i t h o u t e n v e l o p e s . S l o p e o f l i n e A-B-C would n e c e s s a r i l y be low and 
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p o s i t i v e because the t e m p e r a t u r e d i f f e r e n c e w ould be s m a l l . A b s o l u t e 

l o c a t i o n o f the t r e n d l i n e i s unknown because the t e m p e r a t u r e a t p o i n t 

C i s unknown. P o i n t C must be below the p y r o p h y l l i t e f i e l d ( a b o u t 350C) 

as p y r o p h y l l i t e i s a b s e n t . C o n s e q u e n t l y , t h i s l i n e i n d i c a t e s o n l y the 

g e n e r a l i z e d t r e n d i n c h e m i c a l change d u r i n g m i n e r a l i z a t i o n . 

S e v e r a l o t h e r p o s s i b l e v a r i a b l e s must be m e n t i o n e d bu t t h e i r 

i n d i v i d u a l r o l e i s n o t f u l l y u n d e r s t o o d . The a c t i v i t y o f s i l i c a has 

been r e p o r t e d by F o u r n i e r (1967) to be r e s p o n s i b l e f o r the c o e x i s t e n c e 

o f the p a i r K - f e l d s p a r - k a o l i n i t e . A t E l y , Nevada, F o u r n i e r found t h a t 

p l a g i o c l a s e b r o k e down to a m i x t u r e o f h y d r o t h e r m a l K - f e l d s p a r and 

k a o l i n i t e a t low t e m p e r a t u r e and h i g h s i l i c a a c t i v i t y a t 1,000 b a r s . 

A t Endako, K - f e l d s p a r may r e p l a c e a l t e r e d p l a g i o c l a s e w i t h i n K - f e l d s p a r -

b e a r i n g e n v e l o p e s bu t the p a i r K - f e l d s p a r - k a o l i n i t e a r e n o t o b s e r v e d 

t o be a breakdown p r o d u c t o f p l a g i o c l a s e . T h i s i s i n agreement w i t h 

Meyer and Hemley (1959) who s u g g e s t t h a t K - f e l d s p a r was m e t a s t a b l e a t 

the time o f f o r m a t i o n o f k a o l i n i t e i n the a r g i l l i t e zone a t B u t t e , 

Montana. 

There must have been some c o n t r o l by the p a r t i a l p r e s s u r e o f 

b o t h s u l p h u r and oxygen s i n c e s u l p h i d e s ( m o l y b d e n i t e and p y r i t e ) as 

w e l l as o x i d e ( m a g n e t i t e ) e x i s t i n the v e i n s . Meyer and Hemley (1967) 

n o t e a s t r o n g c o r r e l a t i o n between hydrogen metasomatism and f u g a c i t y 

o f s u l p h u r i n o r e m i n e r a l assemblages and s t a t e t h a t " s t r o n g hydrogen 

metasomatism e x i s t s o n l y when the S/0 f u g a c i t y r a t i o i s r e l a t i v e l y h i g h , 

n o t m e r e l y when oxygen f u g a c i t y i s h i g h " (p. 222). 



- 26 -

SUMMARY AND CONCLUSIONS 

Three c h a r a c t e r i s t i c a l t e r a t i o n f e a t u r e s of the Endako q u a r t z 

m o n z o n i t e w i t h i n the Endako molybdenum d e p o s i t a r e : (1) K - f e l d s p a r -

b e a r i n g e n v e l o p e s , (2) 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 , and (3) p e r 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 - m o l y b d e n i t e (minor m a g n e t i t e ) v e i n s w i t h K - f e l d s p a r -

b e a r i n g e n v e l o p e s a r e more common w i t h i n the orebody t h a n q u a r t z - m a g n e t i t e -

m o l y b d e n i t e v e i n s w i t h 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 . P e r v a s i v e b r e a k r 

down o f the o r i g i n a l p l a g i o c l a s e to k a o l i n i t e and some s e r i c i t e o c c u r s on 

the outward s i d e o f the e n v e l o p e s and a d j a c e n t t o q u a r t z - m o l y b d e n i t e v e i n s 

w i t h o u t e n v e l o p e s . K a o l i n i z a t i o n i m p a r t s a c h a r a c t e r i s t i c g r e e n i s h hue t o 

the o r i g i n a l q u a r t z m o n z o n 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 the v a r i o u s s i l i c a t e s t a g e s w h i c h i s i n agreement w i t h a 

c h e m i c a l c o n t r o l based on the a c t i v i t y r a t i o o f K + / l H + i n a n e a r l y i s o t h e r m a l 

e n v i r o n m e n t . 

The r e l a t i v e v e i n sequence of h y d r o t h e r m a l a l t e r a t i o n p r o d u c t s i s 

i l l u s t r a t e d more d i s t i n c t l y a t Endako t h a n i n many o f the p o r p h y r y copper 

d e p o s i t s . The change i n s i l i c a t e m i n e r a l o g y w i t h time f o l l o w s v e r y c l o s e l y 

the c h e m i c a l c o n t r o l s o u t l i n e d by the e x p e r i m e n t a l work of J . J . Hemley. 

I t i s hoped t h a t more examples of m i n e r a l d e p o s i t s w i l l be p u b l i s h e d w h i c h 

s t r e s s t he v a r i a t i o n o f s i l i c a t e and m e t a l l i c m i n e r a l o g y w i t h time d u r i n g 

m i n e r a l i z a t i o n such t h a t e x p e r i m e n t a l i s t s may more c l o s e l y a p p r o x i m a t e 

n a t u r a l a l t e r a t i o n assemblages i n t h e i r l a b o r a t o r y i n v e s t i g a t i o n s . 
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