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T h e L a i d l a w G o l d d e p o s i t i s a n o p e n - s p a c e f i s s u r e o u a r t z 

v e i n c o n t a i n i n g a r s e n o p y r i t e , p y r r h o t i t e , c h a l c o p y r i t e , 

m a r c a s i t e , b i s m u t h t e l l u r i d e s , a n d n a t i v e g o l d . T h e s e m i n e r a l s 

a r e c h a r a c t e r i s t i c o f a m e s o t h e r m a l a s s e m b l a g e . 

T h e v e i n s h o w s c r u s t i f o r m t e x t u r e s a n d e v i d e n c e o f s h e a r 

i n g . T h e t e x t u r e s o f t h e o r e m i n e r a l s i n c l u d e b r e c c i a t i o n , 

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

T h e t e l l u r i d e s a r e f o u n d t o h a v e a z o n a l d i s t r i b u t i o n , 

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

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

t h a t w e r e d e p o s i t e d a t t e m p e r a t u r e s b e l o w 4 0 0 ° C . M i c r o p r o b e 

a n a l y s i s o n some t e l l u r i d e s t a k e n f r o m t h e s u l f i d e r i c h 

p o r t i o n o f t h e d e p o s i t p r o v e d t o b e a n e x s o l u t i o n m i x t u r e o f 
4-e.lUtn del 4e d« 

t e t r a d y m i t e a n d i o s e i t e ( i r ) . 

D e p o s i t i o n a l t e m p e r a t u r e s o f t h e m i n e r a l s f r o m t h e 

d e p o s i t r a n g e f r o m 6 0 0 ° C . t o a s l o w a s 1 0 0 P C . T h e e a r l i e s t 

m i n e r a l t o b e d e p o s i t e d w a s a r s e n o p y r i t e f o l l o w e d b y p y r r h o t i t e 

c h a l c o p y r i t e , m a r c a s i t e , b i s m u t h t e l l u r i d e s a n d n a t i v e g o l d . 

A c c o r d i n g t o B i l i b i n ' s s c h e m e o f c l a s s i f i c a t i o n t h e 

d e p o s i t i s a l a t e s t a g e p o s t b a t h o l i t h i c g o l d d e p o s i t . 
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INTRODUCTION 

The L a i d l a w G o l d P r o p e r t y i s l o c a t e d one m i l e s o u t h . o f 

L a i d l a w , B . C . and o n e - h a l f m i l e e a s t o f Waleach C r e e k . T h e ' 

v e i n s on t h e p r o p e r t y are f o u n d w i t h i n a T e r t i a r y h o r n b l e n d e -

b i o t i t e q u a r t z d i o r i t e w h i c h has i n t r u d e d P e n n s y l v a n n i a n to 

P e r m i a n s e d i m e n t a r y r o c k s , o f the C h i l l i w a c k G r o u p . 

The m e t a l l i c m i n e r a l s f o u n d w i t h i n t h e v e i n system 

i n c l u d e n a t i v e g o l d , a r s e n o p y r i t e , m a r c a s i t e , b i s m u t h t e l l u 

r i d e s , c h a l c o p y r i t e , p y r r h o t i t e and p y r i t e . I t i s b e l i e v e d 

t h a t the t e l l u r i d e s a r e s e n s i t i v e t o . the b u l k c o m p o s i t i o n o f 

t h e o r e f o r m i n g f l u i d s and have an i n t i m a t e r e l a t i o n s h i p with 

l a t e g o l d . 

As an a p p r o a c h toward a b e t t e r u n d e r s t a n d i n g o f the 

m e t a l l o g e n e s i s o f b i s m u t h t e l l u r i d e s a g e n e r a l f i e l d and 

l a b o r a t o r y s t u d y was made o f the L a i d l a w G o l d P r o p e r t y . 
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f o r a l l o w i n g the a u t h o r to map t h e p r o p e r t y and p e r m i t t i n g 

the use o f a s s a y r e s u l t s ; C . Vvesterman f o r a s s i s t a n c e w i t h 

the m i c r o p r o b e a n a l y s e s ; and L . C a r l e s o n f o r a s s i s t a n c e w i t h 

t h e X - R a y S p e c t r o s c o p e . 



Method o f S t u d y 

F o r t y - f i v e samples c o l l e c t e d m a i n l y f rom the m i n e r a l i z e d 

v e i n system and a d j a c e n t w a l l - r o c k ( i n t r u s i v e q u a r t z d i o r i t e ) 

were used i n t h e s t u d y . The f o l l o w i n g t a b l e summarizes 

the methods u s e d . 

METHOD DETAILS 

E l e c t r o n M i c r o p r o b e A n a l y s e s f o r S u l f u r and B i s m u t h 

M i n e r a l o g r a p h i c S t u d y P o l i s h e d s e c t i o n s o b s e r v e d with 
a r e f l e c t i n g m i c r o s c o p e . 

T h i n - S e c t i o n s S e c t i o n s o f s e v e r a l r o c k t y p e s 
were o b s e r v e d under a p o l a r i z i n g 
m i c r o s c o p e . 

X - R a y Powder D i f f r a c t i o n U s e d t o d i s t i n g u i s h t y p e s o f 
t e l l u r i d e s and i n d e t e r m i n i n g 
t e m p e r a t u r e s o f d e p o s i t i o n . 

X - R a y S p e c t r o s c o p y A r s e n o p y r i t e and p y r r h o t i t e 
were a n a l y s e d f o r e lements w i t h 
a t o m i c numbers between 26 and 
60. 



I . REGIONAL GEOLOGICAL SETTING-

The L a i d l a w G o l d d e p o s i t i s f o u n d at t h e n o r t h e r n boundary 

o f the S k a g i t r a n g e i n t h e C a s c a d e M o u n t a i n s . T h e Cascade 

M o u n t a i n s are composed o f P a l a e o z o i c and M e s o z o i c s e d i m e n t a r y 

and v o l c a n i c r o c k s , s t r o n g l y f o l d e d and metamorphosed and 

i n t r u d e d by g r a n i t i c b a t h o l i t h s . The peaks o f t h e ran^e 

a t t a i n an a p p r o x i m a t e l y u n i f o r m e l e v a t i o n and r e p r e s e n t 

monadnocks on an e l e v a t e d T e r t i a r y e r o s i o n s u r f a c e o f low 

r e l i e f . 

The h i s t o r y o f the N o r t h e r n C a s c a d e s has been o u t l i n e d 

by M c T a g g a r t ( 1 5 ) . The g e o l o g i c h i s t o r y i n c l u d e s : 

(1) The f o r m a t i o n o f a p r e - D e v o n i a n Basement complex 

(2) Development o f a e u g e o s y n c l i n e t h a t l a s t e d from 
D e v o n i a n t o l a t e Iviesozoic t i m e s . 

(3) Development o f an a x i a l zone o f g n e i s s e s . 

(4) A t e c t o n i c c l i m a x i n m i d - C r e t a c e o u s t imes and 
emplacement o f g r a n i t i c p l u t o n s . 

(5) Emplacement o f g r a n i t i c p l u t o n s from e a r l i e s t 
J u r a s s i c t o M i o c e n e . 

The L a i d l a w G o l d p r o p e r t y v e i n s are found to c u t i n t r u s i v e 

r o c k s o f T e r t i a r y age w h i c h a r e r e l a t e d to t h e Mount Ban-

P l u t o n i c c o m p l e x . The Mount Barr P l u t o n i c complex was emplaced 

i n the M i d d l e M i o c e n e (21 - 16 m . y . ) (28) and b e l o n g s to a 

w e l l - d e f i n e d n o r t h t r e n d i n g b e l t o f i n t r u s i o n s w i t h r e l a t e d 

v o l c a n i c r o c k s l y i n g a l o n g t h e C a s c a d e M o u n t a i n s o f Oregon 

and c e n t r a l W a s h i n g t o n ( 2 7 ) . The T e r t i a r y Cascade P l u t o n s 

have been emplaced at r e l a t i v e l y h i g h l e v e l s i n t h e c r u s t . 

I n the N o r t h e r n Cascades t h e i n t r u s i v e l e v e l s a p p e a r t o be 

somewhat d e e p e r , b u t p r o b a b l y n o t below 2 m i l e s f rom t h e s u r f a c e 
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( 9 ) . T h e i n t r u s i v e p l u t o n s o f L a t e C r e t a c e o u s t h r o u g h 

T e r t i a r y age a p p e a r to be w h o l l y magmatic* (9) T h i s o r i g i n 

was s u g g e s t e d by M c T a g g a r t and Thompson (16) f o r the T e r t i a r y 

C h i l l i w a c k B a t h o l i t h . The manner o f emplacement was by m a g 

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

o r l i f t i n g o f t h e r o o f w i t h the l e v e l o f emplacement i n 

t h e e p i z o n e (3 to 4 m i l e s ) . 

The M i o c e n e i n t r u s i o n s b e l o n g to a w e l l d e f i n e d n o r t h -

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

o f w h i c h l i e i n the C a s c a d e M o u n t a i n s . Commencing p r o b a b l y 

i n m i d d l e P l i o c e n e t i m e s , the C a s c a d e s were s u b j e c t e d to an 

e p e i r o g e n i c u p w a r p i n g on a n o r t h - s o u t h a x i s , p l u n g i n g g e n t l y 

s o u t h . L a t e C e n o z o i c b l o c k f a u l t i n g may have h e l p e d t o 

d e t e r m i n e the l o c u s o f a c t i v i t y o f t h e l a t e P l i o c e n e - P l e i s t o 

cene a n d e s i t i c v o l c a n i s m ( 9 ) . A s n o t e d by M c T a g g a r t , (15) 

t h e . E r a s e r R i v e r f a u l t zone i s p a r t o f t h e C o a s t - N o r t h e r n 

Cascade o r o g e n y which seems to have a f f i n i t i e s w i t h t h e n o r t h 

t r e n d i n g C a s c a d e b e l t o f Oregon and W a s h i n g t o n . The zone 

w h i c h was a p p a r e n t l y a c t i v e i n t e r m i t t e n t l y f o r 50 m i l l i o n 

y e a r s r e a c h e s deep i n t o t h e c r u s t and q u i t e p o s s i b l y t h e u l t r a -

m a f i c masses a l o n g i t have been t e c t o n i c a l l y d e r i v e d from t h e 

m a n t l e . The M i o c e n e C h i l l i w a c k p l u t o n s l i e a s t r i d e t h e E r a s e r 

R i v e r f a u l t zone and t h e y , a l o n g w i t h t h e S n o q u a l m i e b a t h o l i t h 

and t h e young v o l c a n o e s o f t h e Cascade M o u n t a i n s , may be r e 

l a t e d t o t h i s n o r t h t r e n d i n g f a u l t zone ( 1 5 ) . 



T h e L a i d l a w G o l d P r o p e r t y l i e s 3 m i l e s to the n o r t h o f 

the Mount B a r r P l u t o n i c Complex w h i c h i s ' c o m p o s e d o f f o u r 

p l u t o n s . The main p l u t o n c o m p r i s e s 80fo o f the Mount B a r r 

P l u t o n i c Complex and i s a c o n c e n t r i c a l l y zoned mass r a n g i n g 

i n c o m p o s i t i o n from q u a r t z d i o r i t e t o q u a r t z m o n z o n i t e . The 

t h r e e ages o f 21 , 1 8 , and 16 m i l l i o n y e a r s have been o b t a i n e d 

f o r the d i f f e r e n t phases o f t h e Complex ( 2 8 ) . 

The i n t r u s i v e r o c k s on t h e L a i d l a w G o l d P r o p e r t y are 

c o r r e l a t i v e w i t h the T e r t i a r y i n t r u s i v e complex on t h e grounds 

t h a t b o t h a r e p e t r o l o g i c a l l y and s t r u c t u r a l l y s i m i l a r . The 

i n t r u s i v e exposed on the p r o p e r t y most p r o b a b l y r e p r e s e n t s 

an apophyses o f c u p o l a o f the Mount B a r r p l u t o n i c complex . 
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The L a i d l a w G o l d P r o p e r t y i s bounded on t h e west by a 

p r o m i n e n t n o r t h - s o u t h f a u l t o r f a u l t zone t h a t extends from 

Ruby C r e e k to t h e I n t e r n a t i o n a l b o u n d a r y . A l o n g t h i s zone 

u l t r a m a f i c r o c k s and basement s l i c e s have been e m p l a c e d . To 

t h e e a s t t h e C h i l l i w a c k g r o u p o f r o c k s i s bounded by the 

s o u t h e r n p o r t i o n o f t h e Spuzzum P l u t o n w h i c h i s p a r t o f what 

i s termed b y M o n g e r , n T h e A x i a l B e l t " . (17a) 

The s t r u c t u r a l p a t t e r n i n t h e Hope m a p - a r e a was e s t a b 

l i s h e d i n M i d - C r e t a c e o u s to E a r l y T e r t i a r y t i m e . The g n e i s s e s , 

s c h i s t s and g r a n i t i c r o c k s w h i c h compose the core o f the 

C a s c a d e s were p o s s i b l y formed e a r l i e r i n t h e M e s o z o i c and were 

f o l d e d (?) and f a u l t e d d u r i n g the M i d - C r e t a c e o u s o r o g e n y . 

S e d i m e n t s and v o l c a n i c s were f o l d e d and t h r u s t t o t h e n o r t h 

west and w e s t ; t h o s e on t h e e a s t s i d e were f o l d e d and r e v e r s e 

f a u l t e d . N o r m a l and s t r i k e - s l i p f a u l t i n g i n E a r l y T e r t i a r y 

t ime and u p l i f t i n the P l i o c e n e - P l e i s t o c e n e t i m e . c o m p l e t e d 

the s t r u c t u r a l e v o l u t i o n o f the a r e a . (17a) 

The C o a s t C r y s t a l l i n e B e l t and the n o r t h e r n Cascade 

m o u n t a i n s a r e c o a x i a l and contemporaneous . Tbe N o r t h e r n 

Cascade g e o l o g y exposes a h i g h e r l e v e l o f the same o r o ^ e n . 

M c T a g g a r t p o s t u l a t e s t h a t the anomalous n o r t h - e a s t s t r i k i n g 

recumbent f o l d s i n the boundary r e g i o n between the N o r t h e r n 

C a s c a d e M o u n t a i n s and the C o a s t C r y s t a l l i n e B e l t were p r o b a b l y 

p r o d u c e d by l a t e o r o g e n i c g r a v i t y c o n t r o l l e d s l i d i n g , a c t i v a t e d 

by the subsequent r i s i n g o f the C o a s t C r y s t a l l i n e B e l t to 

the n o r t h w e s t o f the a r e a i n the P a l e o c e n e . D u r i n g the Eocene 
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t h e r e was u p l i f t and graben f i l l i n g a l o n g the F r a s e r R i v e r 

f a u l t z o n e . 

The anomolous f e a t u r e s t r a n s v e r s e to t h e n o r t h w e s t t r e n d s 

a r e v i e w e d by M c T a g g a r t as to r e p r e s e n t the a x i s o f r e l a t i v e 

u p l i f t t o t h e n o r t h w e s t , p e r h a p s as a r e s u l t o f i s o s t a t i c 

u p l i f t o f the p r e d o m i n a t e l y g r a n i t i c t e r r a i n . ( 1 5 ) « Monger 

s u g g e s t s t h a t t h e s e n o r t h e a s t t r e n d s may be due t o r e s p o n s e 

i n basement d e f o r m a t i o n and t h a t the o r i e n t a t i o n o f t h e s e 

s t r u c t u r e s may be c o n t r o l l e d by an o l d p r e - D e v o n i a n , n o r t h 

e a s t e r l y t r e n d i n the basement r o c k s . (17b) 

T h e r e i s a s t r i k i n g a l i g n m e n t o f m i n e r a l d e p o s i t s a l o n g 

a n o r t h e a s t e r l y t r e n d on w h i c h t h e L a i d l a w G o l d P r o p e r t y i s 

l o c a t e d . T h i s t r e n d extends from H a r r i s o n M i l l s on the w e s t 

t o T r e a s u r e M o u n t a i n on the e a s t . T h e d e p o s i t s a r e f o u n d i n 

c l o s e p r o x i m i t y to t e r t i a r y i n t r u s i v e s and the element a s s e m 

b l a g e s f o r each o f the d e p o s i t s i s s i m i l a r . The e x i s t e n c e 

o f t h e s e t r a n s v e r s e s t r u c t u r a l b e l t s has been n o t e d and 

commented upon by G r a n t . (9) He found t h a t t h e s e t r a n s v e r s e 

b e l t s o r " l i n e a m e n t s " p a s s e d t h r o u g h many o f the i m p o r t a n t 

m i n i n g d i s t r i c t s o f the C a s c a d e r a n g e . These b e l t s a r e 

c h a r a c t e r i z e d by en e c h e l o n s h e a r a n d / o r f r a c t u r e systems 

t r a n s v e r s e l y t r a c e a b l e a c r o s s the ranpre f o r d i s t a n c e s o f up 

to 70 m i l e s . T h e s e d e f o r m a t i o n a l b e l t s a r e b e l i e v e d to 

be r e l a t i v e l y d e e p - s e a t e d i n o r i g i n and p r o b a b l y b e l o n g t o 

the i n t r a - r e g i o n a l c l a s s o f b r e a k s p r o p o s e d by M . I . I t s i k s o n . 

(10) , The f a v o u r a b l e c o m b i n a t i o n o f t h e s e t r a n s v e r s e b r e a k s 

w i t h l o n g i t u d i n a l b r e a k s , c o n t r o l the l o c a l i z a t i o n o f many 



i m p o r t a n t m e t a l l o g e n i c z o n e s . G r a n t has found t h a t the most 

e x t e n s i v e s u l f i d e m i n e r a l i z a t i o n i n t h e N o r t h e r n Cascades 

o o c u r s i n o r ad . iacent to t h e i n t e r s e c t i o n o f n o r t h e a s t -

t r e n d i n g s h e a r s and n o r t h w e s t t r e n d i n g f a u l t s . 

T h e s e t r a n s v e r s e s t r u c t u r e s may have a r i s e n from s t r e s s e s 

r e s u l t i n g f r o m movement w i t h i n the J u a n de E u c a P l a t e ( E a s t 

P a c i f i c R i s e ) . T h i s i d e a has been s t a t e d by V/. J . Morgan 

(18) who s u g g e s t s t h a t t h e i n d e p e n d e n t m o t i o n s o f s m a l l 

b l o c k s w i t h i n t h e Juan de E u c a P l a t e have moved eastward 

i n t o N o r t h A m e r i c a w i t h t h e o r u s t t h i c k e n i n g beneath the C o a s t 

Range o r C a s c a d e s . The e x t e n s i o n o f o b l i q u e f a u l t s w i t h i n the 

J u a n de E u c a P l a t e appear t o have a s t r o n g a f f i n i t y w i t h the 

p o s i t i o n s o f v o l c a n i c a c t i v i t y a l o n g the Cascade R a n g e . 

The g e o l o g i c a l events t h a t have been d e s c r i b e d i n t h e 

p r e c e d i n g s e c t i o n s d e p i c t the end s t a g e s i n the e v o l u t i o n a r y 

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

T e r t i a r y i n t r u s i v e a c t i v i t y i s t y p i c a l o f a l a t e g e o s y n c l i n a l 

s t . . . .. d e v e l o p m e n t . The ma.ior c h a r a c t e r i s t i c s o f t h e l a t e 

g e o s y n c l i n a l s t a g e have been summarized by P r e c y s h y n (20) and 

are o u t l i n e d b e l o w . 

( i ) A d o m i n a t l y a n d e s i t i c v o l c a n i s m , a l t h o u g h t h e r e i s 

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

( i i ) A d o m i n a n t l y g r a n o d i o r i t i c p l u t o n i s m f a l t h o u g h some 

d i o r i t i c and g r a n o d i o r i t i c b a t h o l i t h s d e v e l o p ) t h a t i s more 

o r l e s s a s s o c i a t e d w i t h the e r u p t i o n s . 
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The i n t e r m e d i a t e c o m p o s i t i o n o f t h e s e r o c k s i s u s u a l l y 

a t t r i b u t e d to p a l i n g e n e s i s , t h a t i s , a w h o l e s a l e m o b i l i z a 

t i o n o f p a r t o f t h e s i a l i c c r u s t f o l l o w e d by h y b r i d i z a t i o n 

w i t h s i m a t i c magma. 

( i i i ) S e d i m e n t a r y sequences a r e d i s c o r d a n t on the c o n s t i t u e n t 

r o c k s o f the m o u n t a i n c h a i n s . 

( i v ) The s e d i m e n t s a r e d e t r i t a l and v e r y t h i c k . These s e d i 

ments a r e termed m o l l a s s e . 

(v) G r a v i t y s l i d i n g o f the s e d i m e n t a r y b l a n k e t o f f t h e 

s i d e s o f t h e c o r d i l l e r a s . 



3 

L A T E S T A G E S o r L V O L U T I O N 

P L E . I S T O C E . M E P L I O C E M E . M i O C E N L OLl GOCEL^E. P A L E L O C £ . M E _ 

HY PEftSTn£.WE. A K I D E S I T C 

6KAG.IT VJOLC . f?\ 

CHlLLIulRt-K 
f̂VCHOLITW HOPt PLUTOlJld 

tOWVPLEK 

L.A.TC. 
f AUI.TIH6 

KAT. b(\RR 
L-OisAPLELX 

ARV<.OilC 

UPARCHifslG O F 
<„J._L_^ = < 3 

FAOtt.NC 
V 0 L D 1 H C) 

... . 1 .. . . ^ 

i UPLIFT 

T UPLIFT i 
&R./W iW 

H 
H 

http://Ple.isToce.me
http://6kag.it


DETAILS OE THE DEPOSIT STUDIED 

O u t c r o p s on the p r o p e r t y a r e found as i s o l a t e d c l i f f s 

w i t h t h e m a j o r i t y o f t h e a r e a c o v e r e d by f o r e s t and g l a c i a l 

t i l l . T h e e a s t e r n p o r t i o n o f t h e p r o p e r t y i s t r a v e r s e d by 

L o r e n z e t t a - c r e e k w h i c h o c c u p i e s a s t e e p n o r t h e r l y s t r i k i n g 

r a v i n e . 

The a r e a c o v e r e d by t h i s r e p o r t i s c o n t a i n e d w i t h i n a 

2 ,000 s q u a r e f o o t s e c t i o n and i s c o n c e n t r a t e d on the a r e a o f 

the m a i n v e i n s h o w i n g s . W i t h i n t h e a r e a s t u d i e d t h e r e a r e 

t h r e e m a i n r o c k t y p e s ; an i n t r u s i v e h o r n b l e n d e - b i o t i t e o u a r t z 

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

m e t a v o l c a n i c r o c k s o f the C h i l l i w a c k G r o u p . 

The i n t r u s i v e h o r n b l e n d e - b i o t i t e q u a r t z d i o r i t e i s found 

i n t h e n o r t h e r n p o r t i o n o f t h e map a r e a and i s p r o b a b l y a 

•marginal f a c i e s o r c u p o l a o f t h e l a r g e r Mount B a r r p l u t o n i c 

c o m p l e x . The i n t r u s i v e r o c k s a r e f r e s h and show v e r y l i t t l e 

a l t e r a t i o n e x c e p t i n the v i c i n i t y o f the v e i n s . T h e r e a r e 

a few x e n o l i t h s f o u n d i n . t h e i n t r u s i v e r o c k s b u t t h e s e a r e no 

l a r g e r t h a n o n e - h a l f f o o t i n d i a m e t e r and a r e o n l y seen 

exposed a t t h e main v e i n s h o w i n g . 

A s t u d y o f t h i n s e c t i o n s o f the i n t r u s i v e r o c k s showed 

t h e s e to be composed e s s e n t i a l l y o f zoned p l a g i o c l a s e ( o s c i l 

l a t o r y z o n i n g ) w i t h an a v e r a g e c o n t e n t o f A n o r t h i t e 4 7 $ ; K - f e l 

s p a r , and q u a r t z . Some o f the p l a g i o c l a s e s h o w ' m o t h - e a t e n " 

c o r e s and s l i g h t s a u s s e r i t i z a t i o n . H o r n b l e n d e conmonlv e n 

c l o s e s f l e c k s o f b i o t i t e . The b i o t i t e i s p a r t l y a l t e r e d t o 
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c h l o r i t e . A c c e s s o r y m i n e r a l s i n c l u d e m a g n e t i t e , p y r i t e and 

a p a t i t e . The a v e r a g e g r a i n s i z e i s 1.5mm^though n e a r the 

c o n t a c t t h e g r a i n s i z e d e c r e a s e s to .5mm. (See appendix f o r 

modal a n a l y s i s ) . (See p l a t e s 12 a and b and p l a t e 13) 

The i n t r u s i v e h o r n b l e n d e - b i o t i t e q u a r t z d i o r i t e i s w e l l 

. j o i n t e d and t h e j o i n t s e t s a r e t i g h t and w i d e l y s p a c e d . 

T h e s e . j o i n t s e t s s t r i k e s o u t h o f e a s t and are low d i p p i n g 

e i t h e r n o r t h o r s o u t h ' a t a n g l e s l e s s than 20 d e g r e e s . I t i s 

a l o n g t h e s o u t h d i p p i n g j o i n t s e t t h a t the v e i n has been 

e m p l a c e d . T h e i n t r u s i v e r o c k s have been s h e a r e d and f a u l t e d 

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

f a c e s d i p s t e e p l y to t h e e a s t and w e s t . I n t h e v i c i n i t y o f 

t h e m a i n v e i n w o r k i n g s t h e s e f a u l t s and s h e a r s are f i l l e d 

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

i z e d . 

The b o r d e r zone m i g m a t i t e i s a t r a n s i t i o n a l zone i n w h i c h 

t h e i n t r u s i v e r o c k s grade i n t o q u a r t z o - f e l d s p a t h i c m y l o n i t i c 

r o c k s . I n t h i a s e c t i o n these m y l o n i t i c r o c k s a r e e x t r e m e l y 

f i n e - g r a i n e d w i t h eyes" o f q u a r t z and K - f e l d s p a r . The f i n e 

g r a i n e d m a t r i x i s composed e s s e n t i a l l y o f b i o t i t e , m u s c o v i t e , 

q u a r t z and a c c e s s o r y p s e u d o t a c h y l i t e . The q u a r t z o - f e l d s p a t h i c 

medium i s f o u n d to be f o l d e d as Z - f o l d s and t h i s i s r e l a t e d 

t o movement d u r i n g the f o r c e o f i n t r u s i o n o f t h e h o r n b l e n d e -

b i o t i t e q u a r t z d i o r i t e * T h e s e r o c k s may have been d e v e l o p e d 

by p l a s t i c d e f o r m a t i o n d u r i n g the l a s t s t a g e s o f c r y s t a l l i z a 

t i o n o f the i n t r u s i v e r o c k s . (See p l a t e 14) 

The C h i l l i w a c k Group o f r o c k s a r e w i d e s p r e a d t h r o u g h o u t 
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t h e p r o p e r t y and a r e e s s e n t i a l l y b l a c k p h y l l i t i c r o c k s and 

q u a r t z i t i c s l a t e s t h a t have undergone s e v e r a l p e r i o d s o f 

d e f o r m a t i o n . T h e s e r o c k s are P e n n s y l v a n i a n to P e r m i a n i n 

a g e . L i t h o l o g i c a l l y s i m i l a r r o c k s are found t o o u t c r o p as 

f a r s o u t h as F o l e y C r e e k where t h e y are found to o v e r l i e 

a m p h i o o l i t i c r o c k s o f an unknown a g e . (17b) 

T h e r e a r e two v e i n s e t s f o u n d on the p r o p e r t y . The main 

v e i n s e t s t r i k e s e a s t - n o r t h e s t e r l y and d i p s a t low a n g l e s t o 

the s o u t h . The v e i n s o f t h i s s e t p i n c h and s w e l l from 3" to 

1* and a r e found w i t h i n t h e i n t r u s i v e and n e a r the c o n t a c t . 

A s t h i s v e i n - s e t i s f o l l o w e d o u t towards the c o n t a c t i t 

becomes b r a n c h i n g and l e n t i c u l a r . A t L ^ t h e v e i n p i n c h e s and 

s w e l l s and has a s h a r p c o n t a c t w i t h the i n t r u s i v e . (See 

F i g u r e # 1 A p p e n d i x ) . T h e r e i s e v i d e n c e o f s h e a r i n g w i t h i n 

t h i s a r e a as b o t h t h e v e i n and the i n t r u s i v e r o c k s show 

s l i c k e n s i d i n g . i t i s at t h i s p o r t i o n o f the v e i n system 

t h a t t h e ma.ior s u l f i d e d e p o s i t i o n t o o k p l a c e . H e r e the v e i n 

shows a c r u s t i f o r m t e x t u r e and t h e o r e m i n e r a l s a r e v e r y 

c o a r s e l y c r y s t a l l i n e . T h e i r a l t e r a t i o n i s s t r o n g e s t a t t h i s 

p o s i t i o n w i t h i n t h e d e p o s i t and the v e i n i s found to be 

e n c l o s e d by a t h i c k envelope o f s e r i c i t i c a l t e r a t i o n . The 

i n t r u s i v e r o c k s a r e n o t i c e a b l y a l t e r e d f o r a d i s t a n c e o f 2* 

on e i t h e r s i d e o f the v e i n . A s t u d y o f t h i n s e c t i o n s from 

the a l t e r e d i n t r u s i v e r o c k s b o r d e r i n g the v e i n showed an 

a l b i t e - s e r i c i t e - c h l o r i t e - c a l c i t e - z e o l i t e assemblage w h i c h 

c h a r a c t e r i z e s a p r o p y l i t i c a l t e r a t i o n . T h i s assemblage 

s u r r o u n d s an i n n e r zone o f i n t e n s e s e r i c i t i c a l t e r a t i o n . 



A t L g and t h e a l t e r a t i o n i s much weaker and does n o t 
Ct 

show t h e e f f e c t s o f i n t e n s e s e r i t i z a t i o n as t h a t found at L n . 
A J. 

These l o c a t i o n s a r e c h a r a c t e r i z e d fcy c r y p t o c r y s t a l l i n e m i a r t z 

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

t y p i c a l l y f i n e g r a i n e d a n d ^ c r y s t a l l i n e " i n n a t u r e . The most 

s t r i k i n g f e a t u r e o f t h e L g v e i n s y s t e m i s i t s b r a n c h i n g and 

l e n t i c u l a r n a t u r e . 

A t L ^ t h e v e i n s a r e c o n s t r i c t e d and a r e p r o b a b l y c o m p l e t e l y 

p i n c h e d o u t i n t h e a d j a c e n t C h i l l i w a c k Group r o c k s . The 

v e i n s show r h y t h m i c l a y e r i n g o f q u a r t z . The a p p e a r a n c e o f 

t h e s e v e i n s s u g g e s t a r e p e a t e d s h e a r i n g and d e p o s i t i o n o f 

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

r o c k s . T h e second v e i n s e t o c c u p y s o u t h e r l y t r e n d i n g s h e a r 

and f a u l t zones t h a t d i p s t e e p l y to t h e e a s t and w e s t . These 

v e i n s a r e g e n e r a l l y l e s s than one i n c h i n w i d t h and a r e f o u n d 

to be d e v e l o p e d to the g r e a t e s t e x t e n t a t jy^. They are 

composed e s s e n t i a l l y o f c o a r s e l y c r y s t a l l i n e q u a r t z , c a l c i t e 

and m i n o r s u l p h i d e s . These v e i n s are p r o b a b l y l a t e o f f 

s h o o t s o f t h e m a i n v e i n s e t . 
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D e s c r i p t i o n o f Specimens 

Hand S p e c i m e n s : 

S e v e r a l samples t a k e n from t h e a r e a o f the main v e i n 

w o r k i n g s w i l l be d e s c r i b e d a c c o r d i n g t o t h e i r m e g a s c o p i c 

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

o f the v e i n s y s t e m . 

T(a) C o a r s e l y c r y s t a l l i n e a r s e n o p y r i t e f o r m i n g c r y s t a l s up 

t o 1 cm. a c r o s s and d i s p l a y i n g a c r u d e , s h o r t p r i s m a t i c h a b i t 

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

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

and a l s o f i l l s vugs and i n t e r s t i c i e s between q u a r t z c r y s t a l s . 

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

o f q u a r t z and a r a g o n i t e ( ? ) c r y s t a l s and b o t r y o i d a l l i m o n i t e . 
(See P l a t e 15 and 16) 

T(b) M a s s i v e c r y s t a l l i n e q u a r t z t h a t shows e v i d e n c e o f 

s l i c k e n s i d e s on b o t h the w a l l s and w i t h i n t h e q u a r t z v e i n 

m a t e r i a l . P y r r h o t i t e c r y s t a l s , as h e x a g o n a l p l a t e s , up to 

o n e - h a l f a c e n t i m e t e r a c r o s s o c c u r i n s m a l l vugs w i t h d r u s y 

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

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

e a r t h y l i m o n i t i c d r u s e . The t e l l u r i d e o c c u r s as s m a l l 

c r y s t a l l i n e p l a t e s up to .5mm a c r o s s . N a t i v e g o l d i s found 

on the p e r i p h e r y o f the t e l l u r i d e c l u s t e r . (See P l a t e 17 and 18) 

T ( c ) M a s s i v e m i l k y w h i t e c u a r t z c o n t a i n s s h a r p p r i s m a t i c 

a r s e n o p y r i t e c r y s t a l s up to .5 cm i n d i a m e t e r t h a t a r e 

s u r r o u n d e d by c r y s t a l l i n e c h a l c o p y r i t e . P y r i t e o c c u r s w i t h i n 
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t h e a r s e n o p y r i t e masses as s m a l l (1 mm) e u b e d r a l c r y s t a l s . 

The m i l k y q u a r t z i s f r a c t u r e d i n p l a c e s and i s h e a l e d by 

c l e a r q u a r t z . A c r y s t a l l i n e p y r r h o t i t e mass c o n t a i n s s m a l l 

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

T(d) T h i s sample i s t a k e n from a s p l a y q u a r t z v e i n o f f s h o o t . 

M i l k y w h i t e , f i n e l y c r y s t a l l i n e q u a r t z c o n t a i n s . f i n e l y 

c r y s t a l l i n e b i s m u t h t e l l u r i d e p l a t e s . No o t h e r m i n e r a l o g y 

e x c e p t t h e o c c a s i o n a l " s m a l l a r s e n o p y r i t e c r y s t a l was noted, 

i n t h e s e s p l a y s . The q u a r t z showed s e v e r a l s e r i c i t i c - c h l o r -

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

o p e n i n g and q u a r t z f i l l i n g o f t h e s e s p l a y s . 

T ( e ) C o a r s e l y c r y s t a l l i n e q u a r t z c r y s t a l s c o n t a i n green c r y s 

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

as l a r g e as 1.5 cm. a c r o s s . 

T ( f ) M i l k y w h i t e f i n e l y c r y s t a l l i n e q u a r t z c o n t a i n i n g W e h r -

l i t e p l a t e s up to 1 cm. i n l e n g t h and f i n e l y d i s s e m i n a t e d 

h e m a t i t e c o a t i n g these p l a t e s . No o t h e r s u l p h i d e s were 

n o t e d . 

H 
T(g) M a s s i v e c r y p t o c r y s t a l l i n e c u a r t z o c c u r i n g as many 

p a r a l l e l s h e a r e d s u r f a c e s . The s u r f a c e s a r e s e p a r a t e d by 

e a r t h y l i m o n i t i c l a y e r s . The spec imen shows f r a c t u r e s u r 

f a c e s a l o n g w h i c h t h i n f i l m s o f t e l l u r b i s m u t h a r e d e v e l o p e d . 

T h e r e are a l s o s m a l l o u a r t z c r y s t a l vugs i n w h i c h w e l l formed 

h e x a g o n a l p l a t e s o f t e l l u r b i s m u t h have f o r m e d . The t e l l u r i d e s 
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a r e o f t e n c o a t e d w i t h a y e l l o w a l t e r a t i o n ( ? ) p r o d u c t and 

l e n t i c u l a r c r y s t a l s o f s e l e n i t e . (See ?iate ^ • 
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M i n e r a l o g r a p h i c Data 

F o r t y p o l i s h e d s e c t i o n s from t h e v a r i o u s p o r t i o n s o f the 

v e i n system were examined and t h o s e s a m p l e s t h a t b e s t t y p i f y 

the m i n e r a l assemblages o f the v e i n s y s t e m w i l l be d e s c r i b e d 

b e l o w . 

C o a r s e l y c r y s t a l l i n e a r s e n o p y r i t e ( 1 . 5 to 2.5 cm.) i s 

b r e c c i a t e d and h e a l e d by a l l o t r i o m o r p h i c g r a n u l a r p y r r h o t i t e 

( .5 to 1 .0 mm) o f c h a l c o p y r i t e w h i c h f o r m an e m u l s i o n t e x t u r e 

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

a weak: t e n d e n c y t o r e p l a c e t h e a r s e n o p y r i t e . Found a l o n g 

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

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

b r i t t l e and does n o t e x t e n d i n t o the p y r r h o t i t e . In many 

p l a c e s q u a r t z a p p e a r s to be p r e f e r e n t i a l l y s e g r e g a t e d a l o n g 

the b o r d e r s o f t h e a r s e n o p y r i t e - p y r r h o t i t e b o u n d a r y . 

T g I n t e n s i v e r e p l a c e m e n t o f p y r r h o t i t e by m a r c a s i t e a l o n g 

p a r a l l e l f r a c t u r e zones and g r a i n b o u n d a r i e s . P y r r h o t i t e - and 

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

l e n g t h ) . C h a l c o p y r i t e p r e f e r e n t i a l l y r e p l a c e s p y r i t e . 

Tg F r a c t u r e d a r s e n o p y r i t e i s p a r t i a l l y r e p l a c e d by p y r r h o 

t i t e and c h a l c o p y r i t e . The p y r r h o t i t e i s r e p l a c e d by m a r c a 

s i t e and t e t r a d y m i t e . I n p l a c e s t h e r e i s complete r e p l a c e m o i t 

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

r i t e . The q u a r t z gangue i s b r e c c i a t e d and h e a l e d by f i n e 

c r y s t a l l i n e q u a r t z . 
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C o a r s e l y c r y s t a l l i n e o u a r t z i s b r e c c i a t e d and h e a l e d 

by f i n e g r a i n e d q u a r t z t h a t c o n t a i n s masses o f t e t r a d y m i t e 

(2mm) t h a t e n c l o s e and a r e s u r r o u n d e d by c r y s t a l l i n e n a t i v e 

g o l d ( 1 - 2 mm) t h a t d i s p l a y a d o d e c a h e d r a l (?) h a b i t . 

The p e r c e n t a g e s o f the m i n e r a l s t h a t make up the assem

b l a g e i s as f o l l o w s : 

A r s e n o p y r i t e 20% 

P y r r h o t i t e 60% 

M a r c a s i t e 15% 

C h a l c o p y r i t e 1% 

B i s m u t h T e l l u r i d e s l e s s than 1% 

N a t i v e G o l d l e s s than Vfo 

P y r i t e l e s s than 1% 

The v a l u e s o b t a i n e d from a s s a y s f o r g o l d from the v a r i o u s 

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

w i t h i n the L i p o r t i o n o f t h e d e p o s i t r a n g i n g from .02 o z . / 

t o n to 32 .44 o z . / t o n . The samples were taken from s u l f i d e -

r i c h p o r t i o n s o f t h e v e i n ; a l t e r e d w a l l r o c k ; and b a r r e n 

q u a r t z . The r e s u l t s o f these a s s a y s show t h a t h i g h frrade 

v a l u e s o f g o l d a r e sometimes a s s o c i a t e d w i t h s u l f i d e s (up 

to 1 0 . 1 8 o z . / t o n ) though s u l f i d e s may r e t u r n n e g l i g i b l e g o l d 

v a l u e s . The h i g h v a l u e s a r e a t t r i b u t e d to l a t e s e g r e g a t i o n s 

o f n a t i v e g o l d i n q u a r t z w h i l e e r r a t i c v a l u e s are due to an 

e a r l y d e p o s i t i o n o f g o l d i n a r s e n o p y r i t e . The w a l l - r o c k 

v a l u e s r a n g e d from 2.26 o z . / t o n to .005 o z . / t o n i n g o l d . 

The v a l u e s from L g gave l o w e r v a l u e s i n g o l d { t r a c e s t o 

.01 o z . / t o n ) . 
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The G e n e r a l V e i n Sequence 

Viewed from the s t a n d p o i n t o f age r e l a t i o n s o f c h i e f 

gangue m i n e r a l s and g r o u p s o f m e t a l l i c m i n e r a l s the p a r a g e n e t i c 

sequence i s c l e a r - c u t b u t the d e t a i l e d age r e l a t i o n s o f the 

i n d i v i d u a l m i n e r a l s i s more d i f f i c u l t t o d e t e r m i n e . 

The v e i n m i n e r a l i z a t i o n s t a r t e d w i t h q u a r t z whose d e p o s i 

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

p r o c e s s . A r a g o n i t e , c a l c i t e and gypsum ( v a r i e t y s e l e n i t e ) 

formed i n t h a t o r d e r , w i t h c a l c i t e and gypsum f o l l o w i n g t h e 

d e p o s i t i o n o f the t e l l u r i d e s and n a t i v e g o l d . S e v e r a l r -ulses 

o r s u b s t a g e s o f s u l f i d e d e p o s i t i o n a r e i n d i c a t e d . The f i r s t 

b e i n g a p y r i t e - a r s e n o p y r i t e a s s e m b l a g e ; a l a t e r p y r r h o t i t e -

c h a l c o p y r i t e a s s e m b l a g e ; f o l l o w e d by a m a r c a s i t e , t e l l u r i d e 

and n a t i v e g o l d . s u c c e s s i o n . The g e n e r a l sequence i s t h a t o f 

a c o n t i n u i n g p r o c e s s o f m i n e r a l i z a t i o n w h i c h a p p e a r s n o t t o 

have been i n t e r r u p t e d by s i g n i f i c a n t l a p s e s i n d e p o s i t i o n . 

S t r u c t u r a l movements d u r i n g m i n e r a l i z a t i o n were c o n f i n e d 

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

the v e i n s . B r e c c i a t i o n and c r u s h i n g o f v e i n m a t e r i a l l o c a l l y 

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

t i t e a s s e m b l a g e s . F r a c t u r i n g o f a l e s s e r i n t e n s i t y a p p e a r s 

to have c o n t i n u e d i n t o t h e e a r l i e s t s t a g e s o f t e l l u r i d e 

d e p o s i t i o n however t h e t e l l u r i d e s a r e r e l a t i v e l y u n d e f o r m e d . 

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

as e v i d e n c e d by t h e l a t e o u a r t z - c a r b o n a t e v e i n s t h a t c r o s s 

c u t t h e main v e i n s y s t e m . 



G e n e r a l l y the m e t a l l i c seouence o f m i n e r a l i z a t i o n a t the 

L a i d l a w G o l d D e p o s i t was e a r l y s u l p h i d e s f o l l o w e d by a s u i t e 

o f b i s m u t h t e l l u r i d e m i n e r a l s and the l a s t m i n e r a l to d e p o s i t 

was n a t i v e g o l d . The f o l l o w i n g l i n e d iagrams and Van der 

Veen d i a g r a m i l l u s t r a t e the o r d e r o f d e p o s i t i o n o f the m i n e r a l s 

i n the v e i n s y s t e m . 
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S i g n i f i c a n t T e x t u r e s  

P l a t e 1 

F r a c t u r e d and b r e c c i a t e d a r s e n o p y r i t e " h e a l e d " w i t h 

p y r r h o t i t e . T h e i r i s l i t t l e r e p l a c e m e n t o f the a r s e n o p y r i t e 

by the p y r r h o t i t e . F r a c t u r i n g o c c u r r e d due to b r i t t l e f a i l u r e 

o f a r s e n o p y r i t e a f t e r d e p o s i t i o n . 

P l a t e 2 

P y r r h o t i t e d i s p l a y s o p e n i n g a l o n g the b a s a l (0001) p l a n e . 

P y r r h o t i t e behaves i n a d u c t i l e f a s h i o n w i t h movement i n 

r e s p o n s e t o s t r e s s e s by t r a n s l a t i o n g l i d i n g on the b a s a l 

(0001) p l a n e . 

P l a t e 5 

P y r r h o t i t e shows e f f e c t s o f d i s s o l u t i o n and r e p r e c i p i t a -

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

P l a t e 4 

E x t e n s i v e t r a n s f o r m a t i o n o f p y r r h o t i t e to m a r c a s i t e l e a v e s 

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

l a m e l l a e o f m a r c a s i t e . 

P l a t e 5 

M a r c a s i t e d i s p l a y i n g g r o w t h - z o n g i n * p e r h a p s due to s l i g h t 

d i f f e r e n c e s i n i r o n c o n t e n t . The c o n c e n t r i c zones o f t h e 

m a r c a s i t e may be due to a s e r i e s o f i n t e r r u p t i o n s i n r > r e c e i p i -

t a t i o n o f m a r c a s i t e . 
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i^ late 6 

I £ x - s o l u t i o n t e x t u r e o f c h a l c o p y r i t e i n p y r r h o t i t e * Some 

specimens show a w e l l - d e v e l o p e d " e m u l s i o n " t e x t u r e formed 

by t h e d i s t r i b u t i o n o f rounded b l e b s o f c h a l c o p y r i t e t h r o u g h 

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

p y r i t e by m a r c a s i t e . 

P l a t e 7 

B r e c c i a t i o n o f e a r l y q u a r t z and " h e a l i n g " by l a t e c u a r t z . 

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

p l a t e s o f t e t r a d y m i t e . 

.P late 8 and P l a t e 9 

O l e a n d e r - l e a f t e x t u r e o f t e t r a d y m i t e i n ^ o s e i t e ( 2 ) . 

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

m a s s i v e . i o s e i t e (It) . The t e t r a d y m i t e i s rimmed by a m i n e r a l 

o f h i g h l y v a r i a b l e c o m p o s i t i o n ( T a b l e 3, A p p e n d i x , M i c r o -

p r o b e A n a l y s i s ) . T h i s t e x t u r e i s due to t h e u n m i x i n g o f 

a s o l i d s o l u t i o n o f B i s m u t h , t e l l u r i u m and s u l p h u r . 

P l a t e 10 

P s e u d o - e u t e c t i c i n t e r g r o w t h o f p y r r h o t i t e i n t e t r a d y m i t e . 

T h i s t e x t u r e r e s u l t s when t h e r e i s r e p l a c e m e n t o f a homogen

eous medium. The h o s t m i n e r a l ( p y r r h o t i t e ) must have been 

compact and u n i f o r m b e f o r e the r e p l a c e m e n t by t e t r a d y m i t e . 

P l a t e 11 

" P i t t e d " t e t r a d y m i t e i n c o n t a c t w i t h a t e l l u r i d e o f 

unknown c o m p o s i t i o n . The o r i g i n o f the p i t s are from the 

breakdown o f m e t a s t a b l e p h a s e s . 



27 

G K O T U I L W . O M T C T R Y 

The r e s u l t s g i v e n "by geothermometry s t u d i e s a r e v e r y 

s p e c u l a t i v e and must be t r e a t e d w i t h c a u t i o n . T h e r e are* 

many c r i t i c i s m s o f the use o f geothermometry i n e v a l u a t i o n o f 

the t e m p e r a t u r e o f f o r m a t i o n o f d i f f e r e n t m i n e r a l s i n ore 

d e p o s i t s . T h e s e c r i t i c i s m s have been shown t o be v a l i d (6) 

i n t h e case o f t h e p y r r h o t i t e geothermometer as w e l l as o t h e r 

geothermometer m i n e r a l s . A d m i x t u r e s o f s e v e r a l m i n e r a l 

s p e c i e s and t r a c e e lement c o n t e n t o f the m i n e r a l as w e l l as 

t h e f a c t t h a t t h e m i n e r a l s m a y have r e - e q u i l i b e r a t e d a r e c i t e d 

as t h e f a l l i n g p o i n t s o f g e o t h e r m o m e t r y . 

A r s e n o p y r i t e Geothermometer - Geobarometer 

The d(131) s p a c i n g was d e t e r m i n e d from s i x r u n s a c r o s s 

the (131) peak o f a r s e n o p y r i t e . The d(131) s p a c i n g was found 
o 

to be 1.631 A 'which s u g g e s t s a maximum t e m p e r a t u r e o f f o r m a 

t i o n o f the a r s e n o p y r i t e to be 460°C a t a p r e s s u r e o f 2 K b a r s . 

( 7 ) . A sample t a k e n from m a s s i v e a r s e n o p y r i t e gave d(131) 

to be 1.633 A . T h i s would c o r r e s p o n d to a maximum t e m p e r a t u r e 

o f f o r m a t i o n o f 6 0 0 ° C a t 2 K b a r s . 

These r e s u l t s s u g g e s t t h a t t h e r e was e i t h e r two s t a g e s 

o f a r s e n o p y r i t e d e p o s i t i o n o r t h a t t h e r e was o n l y one s t a g e 

o f d e p o s i t i o n w h i c h spanned a l a r g e t e m p e r a t u r e range and was 

f o l l o w e d by a r e s u r g e n c e o f o r e s o l u t i o n s w h i c h b r o u g h t 

about the d e p o s i t i o n o f the l a t e r p y r r h o t i t e a s s e m b l a g e . The 

t e x t u r e s , m i n e r a l assemblages a n d a b u n d a n c e o f p y r i t e s u g g e s t 

t h a t t h e l a t t e r case w o u l d be more l i k e l y . 



PYRRHOTITE GEOTHERMOMETER 

S i x d e t e r m i n a t i o n s o f the d(102) s p a c i n g o f p y r r h o t i t e 

from samples b o t h i n c o n t a c t w i t h p y r i t e and a b s e n t o f a n y . 

p y r i t e were made. The r e s u l t s o f the s c a n s showed a s p l i t 

peak w i t h v a l u e s o f 2 . 0 5 3 ° A and 2 . 0 6 2 ° 1 . The s p l i t peak 

may c o r r e s p o n d to the p r e s e n c e o f two t y p e s o f p y r r h o t i t e 

o r i n c l u s i o n s o f u n d e t e c t e d m a r c a s i t e . Because o f the u n c e r 

t a i n t i e s w i t h t h e p y r r h o t i t e geothermometer t h e c o r r e s p o n d i n g 

v a l u e s o f 6 0 0 ° and 4 0 0 ° C . a r e v i e w e d as v e r y s k e p t i c a l 

r e s u l t s . 



DEPOS/T/OaJA L TEMPER ATu RES 

A f f 5 £ N 0 P Y * / T £ 
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^ O o ° M A X . L O W T E . M P . H E . X . 

P Y R R H O T I T E . 

COLO 
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Z o n i n g o f t h e D e p o s i t 

The z o n i n g w i t h i n o r e b o d i e s i s o n l y s l i g h t l y c o n t r a s t i n g 

and i s d e t e r m i n e d by the change o f t h e t y p e o f m i n e r a l s and the 

c o r r e s p o n d i n g c h e m i c a l c o m p o s i t i o n o f the m i n e r a l s . The z o n 

i n g o f ore d e p o s i t s was c o n s i d e r e d by S m i r n o v (23a) to be o f 

two p r i m a r y t y p e s , monascendant and p o l y a s c e n d a n t z o n i n g . 

(1) Monascendant Z o n i n g - T h i s t y p e o f z o n i n g i s c h a r a c t e r 

i z e d by a c o n t i n u o u s change o f m i n e r a l a s s e m b l a g e s which do 

n o t show c o n t r a s t i n g b o u n d a r i e s and d i f f e r i n t h e main from 

each o t h e r by a g r a d u a l v a r i a t i o n o f m u t u a l r e l a t i o n s i n t h e 

amount o f o r e - f o r m i n g m i n e r a l . 

(2) P o l y a s c e n d a n t Z o n i n g - A g r a d u a l s e p a r a t i o n o f o r e - b e a r 

i n g s o l u t i o n s v a r y i n g i n c o m p o s i t i o n from t h e p a r e n t magmatic 

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

m i n e r a l components o f v a r i o u s c o m p o s i t i o n w i t h i n the c o n t o u r s 

o f the o r e b o d y . T h i s z o n i n g may a p p e a r o n l y i n the d e p o s i t s 

w h i c h are formed d u r i n g s e v e r a l s t a g e s o f m i n e r a l i z a t i o n i n 

r e l a t i o n t o t h e permanent r e - o p e n i n g o r an o r e c a v i t y w h i c h 

r e s u l t s from subsequent t e c t o n i c d e f o r m a t i o n s . 

Monascendant z o n i n g i s v e r y w e l l d i s p l a y e d a t t h e L a i d l a w 

G o l d P r o p e r t y and t h i s type o f z o n i n g i s d i s t i n g u i s h e d by the 

v a r i a t i o n o f t h e t y p e s and c h e m i c a l c o m p o s i t i o n o f t h e b i s m u t h 

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

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

assemblage i s c h a r a c t e r i z e d by the s u l f u r b e a r i n g t e l l u r i d e s 

. i o s e i t e ( H ) and t e t r a d y m i t e , . w h i l e the t e l l u r i d e assemblage 



f o u n d towards t h e c o n t a c t zone o f the d e p o s i t i s c h a r a c t e r i z e d 

by the n o n - s u l f u r b e a r i n g t e l l u r i d e s w h e r l i t e and t e l l u r b i s m u t h . 

These m i n e r a l s a r e c o n s i d e r e d to have d e p o s i t e d d u r i n g 

one s t a g e o f m i n e r a l i z a t i o n and the v a r i a t i o n s i n c o m p o s i t i o n 

a r e due t o d e c r e a s e s i n t h e s u l f u r c o n t e n t and the i n c r e a s e d 

t e l l u r i u m c o n t e n t , o f the l a t e r s t a g e s o f m i n e r a l i z a t i o n . 

T h i s s u g g e s t s t h a t t h e r e wa3 a d e f i n i t e sequence o f s e p a r a t i o n 

o f v o l a t i l e s ( A s , S and Te) on d e c r e a s e i n t e m p e r a t u r e and 

p r e s s u r e c o n d i t i o n s w i t h i n t h e d e p o s i t , t h e appearance , o f these 
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X - R A Y D E - T E R M I N A T I O N S O F T H E 

T E L L U R I D E M I N E R A L S . 

Loc^i./rY z /meets) 

10 3 . J 2 

L , 10 •3 .10 

L , IO 3 . U T E T R A D Y M I T E 

U 10 3 . 2 3 

10 w e H R L I T E . 

t o 3 . 2 2 

6 2 . V 7 

5 2 . o 3 

Fi&uRe 5 



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

The L a i d l a w G o l d P r o p e r t y i's a p l u t o n i c h y d r o t h e r m a l 

d e p o s i t formed u n d e r c o n d i t i o n s o f low to i n t e r m e d i a t e depths 

w i t h a wide range o f m i n e r a l f o r m a t i o n a l t e m p e r a t u r e s . The 

p r e s e n c e o f . o p e n space f i l l i n g s and v u g s , the p r e s e n c e o f 

r e p l a c e m e n t t e x t u r e s , and the c l o s e s p a t i a l r e l a t i o n s h i p o f 

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

o f t h i s d e p o s i t t o t h e mesothermal g r o u p o f d e p o s i t s o u t l i n e d 

by P a r k and M a c D i a r m i d ( 1 9 ) . 

A c c o r d i n g to the scheme o f c l a s s i f i c a t i o n fti-ren by 

B i l i b i n (CS) t h i s d e p o s i t has formed d u r i n g the L a t e S t a g e s o f 

E v o l u t i o n and i s a p o s t b a t h o l i t h i c g o l d d e p o s i t , a s s o c i a t e d 

w i t h i n t r u s i v e r o c k s o f a h y b r i d n a t u r e . The " m o t h - e a t e n " 

c o r e s o f t h e p l a g i o c l a s e c r y s t a l s , and p r e s e n c e o f K e n o l i t h s 

w V i t h i n t h e i n t r u s i v e r o c k s a l s o s u g g e s t t h i s mode o f o r i g i n . 
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MODAL ANALYSIS OF INTRUSIVE ROCKS 

K - f e l d s p a r 6% 

P l a g i o c l a s e k(An 47J&) 65$ 

Q u a r t z l&fo 
H o r n b l e n d e 3$ 

B i o t i t e 5fo 

A c c e s s o r y M i n e r a l s : • 3$ 

M a g n e t i t e 

P y r i t e 

A p a t i t e 



MICROPROBE ANALYSIS 

B i s m u t h A n a l y s i s 

S t a n d a r d B i (100$) 

M i n e r a l 1 

M i n e r a l 2 

M i n e r a l 3 

A t .% B i 

A v . 13260 c o u n t s 

A v . 5120 c o u n t s 

A v . 7500 c o u n t s 

Random c o u n t s 

7240 t o 9310 

5 7 * 

S u l f u r A n a l y s i s 

S t a n d a r d S (66%) 

M i n e r a l 1 

M i n e r a l 2 

M i n e r a l 5 

A v . 15480 c o u n t s 

A v . 5410 c o u n t s 

A v . 1470 c o u n t s 

A v . Random v a l u e s 

300 to 600 c o u n t s 

A t . $ S 

23/& 

M i n e r a l 1 

M i n e r a l 2 

B i 39- / 0
S 23?b T e 38/o (?) 

T e t r a d y m i t e B i g T e g S 

B % 7 # S 7 ^ T e 3 6 9 / ( ? ) 

J o s e i t e I I B i / + ( T e , S , Se) 



QUALITATIVE A//ALYS/S OF A&SEMO^Y'JR/TS. y/?/?Ho T/ T£: 

Mo Cu //& As Pb Pd 

6 5 k 4 

a a a a 5 6 5 8 

QUArtTJTATiVS* ANALYSES Of O&E F/?OM 2-, POf?-rto*J 

BQ O Co Pb A<1n Mo Afi n Zn 

.oot .0/ .0/ ho .03 ,00/ .0/ . 3 .005 .OS 

P E R F O R M E D B Y C O A S T E . L D R I D G , £ 

S PE.C T O G R A P H I C A N I A U Y S E - S 

T A B L E 1 
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