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SUBJECT : P e t r o g r a p h y o f s e l e c t e d r o c k s a m p l e s , SAMATOSUM m i n e . 

N i n e s a m p l e s were r e c e n t l y s e n t o u t f o r p e t r o g r a p h i c , 
s c a n n i n g e l e c t r o n , and m i c r o p r o b e work, i n an e f f o r t t o s o l v e 
some 'of t h e n a g g i n g g e o l o g i c a l q u e s t i o n s a t Samatocum. The s a m p l e 
d e s c r i p t i o n s f o l l o w : 

No. Method Type L o c a t i on Remark: 

A - l p e t r o c o r e RG258/336.5m I n t e r m e d i a t e x t l t u f f o r m e t a s e d ? 

A-2 p e t r o " 

P - 3. p e t r o " 

A-4 p e t r o " 

A-5 p r o b e " 

A-6 p r o b e " 

RG258/549.6m 

RG258/349.8m 

RG258/416.8m 

RG254/314.0m 

RG230/217.3m 

A-7 p e t r o " RG254/353.8m 

A-8 sem g r a b p i t 

L i t h i c wacke. I s t h e r e a 
v o l c a n i c / t u f f a c e o u s c o m p o n e n t ? 

I n t e r m e d i a t e x t l t u f f ? 

M a f i c t u f f ? 

S t r o n g y e l l o w s e r i c i t e a l t e r a t i o n 
f o r p r o b i n g . Compare t o A-6. 

S t r o n g g r e y s e r i c i t e a l t e r a t i o n 
f o r p r o b i n g . I s t h e g r e y c o l o u r 
due t o t h e p r e s e n c e o f c l a y ? 
p y r i t e ? o r ? 

G r e y s e r i c i t e a l t e r e d l i t h i c 
w acke? 

B a r i t e f r o m t h e Sam p i t . Does i t 
have f l u i d i n c l u s i o n s ? What i s 
t h e s u l f i d e / s u l f o s a l t m i n e r a l o g y ? 

A -9 em g r a b p i t H i g h g r a d e s a m p l e f r o m t h e m a r g i n 
o f t h e b a r i t e b o dy. What i s t h e 
r e d m e t a l l i c m i n e r a l ? 



Vancouver Petrographies Ltd. 

JAMES VINNELL, Manager 

JOHN G. PAYNE, Ph.D. Geologist 

CRAIG LEITCH, Ph.D. Geologist 

JEFF HARRIS, Ph.D. Geologist 

KEN E. NORTHCOTE, Ph.D. Geologist 

R e p o r t f o r : A l H i l l , 

P.O. BOX 39 

8080 GLOVER ROAD, 

FORT LANGLEY, B.C. 

VOX 1J0 

PHONE (604) 888-1323 

FAX. (604) 888-3642 

M i n n o v a , 
311 Water S t r e e t 
VANCOUVER, B.C., V6C 

I n v o i c e 8916 
A p r i l 1990 

S a m p l e s : A S e r i e s , 1 t o 9 

Summary: 

S a m p l e s a r e o f s t r o n g l y m e t a m o r p h o s e d v o l c a n i c a nd s e d i m e n t a r y 
r o c k s o f i n t e r m e d i a t e t o f e l s i c c o m p o s i t i o n . S e v e r a l s a m p l e s c o n t a i n 
two d i s t i n c t f o l i a t i o n s r e p r e s e n t i n g two m e t a m o r p h i c e v e n t s . 
B e c a u s e o f t h e s t r o n g d e f o r m a t i o n and r e c r y s t a l 1 i z a t i o n , t h e o r i g i n o f 
s e v e r a l s a m p l e s i s u n c e r t a i n . Some s a m p l e s c o n t a i n v e i n s a nd 
r e p l a c e m e n t p a t c h e s d o m i n a t e d by a n k e r i t e and q u a r t z . 

Sample A - l i s a meta-tuff c o n t a i n i n g f r a g m e n t s o f v e r y f i n e g r a i n e d 
a g g r e g a t e s o f q u a r t z - ( s e r i c i t e - p y r i t e ) i n a gr o u n d m a s s o f 
m u s c o v i t e - q u a r t z w i t h a b u n d a n t d i s s e m i n a t e d p y r i t e . A c h e r t 
l a y e r s e v e r a l mm t h i c k i s d o m i n a t e d by c h e r t y q u a r t z w i t h much 
l e s s p y r i t e a n d s e r i c i t e . 

Sample A-2 i s a metamorphosed l i t h i c - c r y s t a l c a l c a r e o u s wacke 
c o n t a i n i n g f r a g m e n t s o f q u a r t z g r a i n s , c h e r t , c h e r t y m u d s t o n e , 
and m i n o r p l a g i o c l a s e g r a i n s i n a f o l i a t e d g r o u n d m a s s d o m i n a t e d 
by a n k e r i t e and q u a r t z , w i t h m i n o r s e r i c i t e . A p o s t - m e t a m o r p h i c 
v e i n i s d o m i n a t e d by a n k e r i t e w i t h m i n o r q u a r t z . 

Sample A-3 i s a metamorphosed p o r p h y r i t i c l a t i t e f l o w ( o r c r y s t a l 
t u f f ) c o n t a i n i n g p h e n o c r y s t s o f p l a g i o c l a s e a nd m i n o r ones o f 
h o r n b l e n d e and q u a r t z i n a m o d e r a t e l y f o l i a t e d g r o u n d m a s s 
d o m i n a t e d b y p l a g i o c l a s e , s e r i c i t e , a nd c a l c i t e . The e l o n g a t e 
n a t u r e o f some o f t h e p l a g i o c l a s e p h e n o c r y s t s s u g g e s t s t h a t t h e 
r o c k i s a f l o w r a t h e r t h a n a c r y s t a l t u f f . A m a j o r r e p l a c e m e n t 
v e i n and s m a l l e r p a t c h e s a r e d o m i n a t e d by p y r i t e and c h l o r i t e 
w i t h much l e s s c a l c i t e and q u a r t z . 

Sample A-4 i s a metamorphosed a n d e s i t i c t u f f c o n t a i n i n g l e n s e s and 
p a t c h e s o f v e r y f i n e g r a i n e d p l a g i o c l a s e - a n k e r i t e i n a w e l l 
f o l i a t e d g r o u n d m a s s d o m i n a t e d b y c h l o r i t e , w i t h much l e s s 
a n k e r i t e , p l a g i o c l a s e , p y r i t e , a nd T i - o x i d e . A few 
r e p l a c e m e n t ( ? ) l e n s e s a r e o f q u a r t z - a n k e r i t e o r q u a r t z - c h l o r i t e . 



Sample A-5 i s a q u a r t z - s e r i c i t e - a n k e r i t e s c h i s t a f t e r a sedimentary 
r o c k o r f i n e f e l s i c t u f f . I t i s d o m i n a t e d by q u a r t z a nd s e r i c i t e , 
w i t h l e s s a n k e r i t e and m i n o r p y r i t e . A s t r o n g f o l i a t i o n i s 
c o n t o r t e d m o d e r a t e l y t o s t r o n g l y i n t o s m a l l k i n k f o l d s , and c u t 
by a s e c o n d f o l i a t i o n a x i a l p l a n a r t o t h e k i n k f o l d s and a t a 
m o d e r a t e t o h i g h a n g l e t o t h e p r i m a r y f o l i a t i o n . L o c a l l y , 
s e r i c i t e was r e c r y s t a l 1 i z e d t o m u s c o v i t e a l o n g t h e s e c o n d 
f o l i a t i o n d i r e c t i o n . K i n k f o l d s a r e d e v e l o p e d much more s t r o n g l y 
i n s e r i c i t e - r i c h p a r t s o f t h e r o c k t h a n i n q u a r t z - r i c h l e n s e s . 
V e i n s and v e i n l e t s a r e d o m i n a t e d b y a n k e r i t e a nd q u a r t z . 

Sample A-6 i s a m u s c o v i t e - p y r i t e - q u a r t z s c h i s t a f t e r a f e l s i c t u f f ? 
c o n t a i n i n g a few q u a r t z p h e n o c r y s t s ( ? ) i n a g r o u n d m a s s d o m i n a t e d 
by m u s c o v i t e w i t h much l e s s q u a r t z . M u s c o v i t e c o n t a i n s a b u n d a n t 
d i s s e m i n a t e d p y r i t e and m i n o r d i s s e m i n a t e d a p a t i t e . The g r e y 
c o l o r o f t h e hand s a m p l e i s b e c a u s e o f t h e f i n e l y d i s s e m i n a t e d 

Sample A-7 i s a metamorphosed f e l s i c l a p i l l i t u f f c o n t a i n i n g a few 
e q u a n t f r a g m e n t s o f l a t i t e i n a s t r o n g l y d e f o r m e d g r o u n d m a s s 
d o m i n a t e d b y q u a r t z a nd m u s c o v i t e . P y r i t e o c c u r s i n two m a i n 
modes. A l a y e r o r d i f f u s e r e p l a c e m e n t v e i n up t o 1.5 mm w i d e 
c o n t a i n s a b u n d a n t a n k e r i t e . 

Sample A-8 i s a b a r i t e v e i n ( ? ) with l e n s e s and p a t c h e s d o m i n a t e d by 
t e t r a h e d r i t e o r p y r i t e , w i t h m i n o r b o u r n o n i t e , b o u l a n g e r i t e , 
s p h a l e r i t e , n a t i v e g o l d , and q u a r t z . S u l f o s a l t s a r e c o n c e n t r a t e d 
i n one m a i n b a n d . N a t i v e g o l d f o r m s d i s s e m i n a t e d g r a i n s 
a s s o c i a t e d w i t h s u l f o s a l t s a nd p y r i t e . C o a r s e r b a r i t e g r a i n s 
c o n t a i n m i n o r f l u i d i n c l u s i o n s , w h i c h were n o t s t u d i e d f u r t h e r . 

Sample A-9 i s a v e i n c o n t a i n i n g t e t r a h e d r i t e / t e n n a n t i t e - s p h a l e r i t e -
g a l e n a - p y r i t e - ( n a t i v e gold) i n a gangue o f q u a r t z , c a l c i t e , and 
m i n o r a l b i t e . 

S u l f o s a l t s i n s a m p l e s A-8 and A-9 were a n a l y s e d b y 
s e m i - q u a n t i t a t i v e S.E.M. e x a m i n a t i o n * 

M u s c o v i t e i n s a m p l e s A-5 and A-6 w i l l be a n a l y s e d b y J o h n 
K n i g h t a t U.B.C. on t h e e l e c t r o n m i c r o p r o b e , and r e s u l t s and 
b i l l i n g f o r w a r d e d by h i m d i r e c t l y t o y o u . 

p y r i t e . 



Sample A - l M eta-tuff with Cherty l a y e r 

The r o c k c o n t a i n s f r a g m e n t s o f v e r y f i n e g r a i n e d a g g r e g a t e s o f 
q u a r t z - ( s e r i c i t e - p y r i t e ) i n a g r o u n d m a s s o f m u s c o v i t e - q u a r t z 
w i t h a b u n d a n t d i s s e m i n a t e d p y r i t e . A l a y e r s e v e r a l mm t h i c k i s 
d o m i n a t e d by c h e r t y q u a r t z w i t h much l e s s p y r i t e and s e r i c i t e . 

f r a g m e n t s 
q u a r t z - ( s e r i c i t e ) 3- 4% 

g r o u n d m a s s 
m u s c o v i t e 40- 45 
q u a r t z / p l a g i o c l a s e 17- 20 
p y r i t e 2- 3 
c h l o r i t e 0 .3 
a n k e r i t e m i n o r 
a p a t i t e t r a c e 

c h e r t y l a y e r 25- 30 

The r o c k c o n t a i n s e q u a n t t o l e n s y f r a g m e n t s (?) a v e r a g i n g 1-1.5 mm 
i n s i z e d o m i n a t e d by a g g r e g a t e s o f s l i g h t l y t o m o d e r a t e l y i n t e r l o c k i n g 
q u a r t z g r a i n s a v e r a g i n g 0.03-0.1 mm i n g r a i n s i z e . S e r i c i t e f o r m s 
i r r e g u l a r p a t c h e s o f f l a k e s a v e r a g i n g 0.02-0.03 mm l o n g . A few 
f r a g m e n t s c o n t a i n m i n o r t o m o d e r a t e l y a b u n d a n t d i s s e m i n a t e d p y r i t e . 
One c o n t a i n s a f e w r a g g e d , s k e l e t a l g r a i n s o f a n k e r i t e up t o 0.2 mm i n 
s i z e . T h e s e p a t c h e s may be s e c o n d a r y a f t e r p l a g i o c l a s e p h e n o c r y s t s . 

The g r o u n d m a s s i s d o m i n a t e d by s u b p a r a l l e l a g g r e g a t e s o f 
v e r y f i n e t o f i n e g r a i n e d m u s c o v i t e f l a k e s . Q u a r t z f o r m s l e n s e s and 
p a t c h e s a v e r a g i n g 0.1-0.2 mm l o n g o f g r a i n s a v e r a g i n g 0.03-0.1 mm i n 
s i z e . Much o f t h e m u s c o v i t e i s i n s u b p a r a l l e l o r i e n t a t i o n p a r a l l e l t o 
f o l i a t i o n . G r a i n s i z e v a r i e s m o d e r a t e l y f r o m l e s s t h a n 0.03 mm l o n g 
t o up t o 0.3 mm l o n g . W i s p y seams o f m u s c o v i t e d e f i n e a s e c o n d 
f o l i a t i o n a t a l o w a n g l e t o t h e f i r s t f o l i a t i o n . 

C h l o r i t e f o r m s e q u a n t , c o l o r l e s s p o r p h y r o b l a s t s a v e r a g i n g 
0.07-0.1 mm i n s i z e . 

P y r i t e f o r m s d i s s e m i n a t e d a n h e d r a l t o e u h e d r a l g r a i n s a v e r a g i n g 
0.01-0.05 mm i n s i z e , w i t h a few up t o 0.1 mm a c r o s s . A few p y r i t e 
r i c h l e n s e s a v e r a g i n g 0.3-0.5 mm l o n g c o n t a i n a b u n d a n t s u b h e d r a l t o 
e u h e d r a l p y r i t e c u b e s a v e r a g i n g 0.01 mm i n s i z e i n t e r g r o w n w i t h l e s s 
q u a r t z and m u s c o v i t e . 

A n k e r i t e f o r m s a v e r y few a n h e d r a l g r a i n s a v e r a g i n g 0.1-0.2 mm i n 
s i z e . 

A p a t i t e f o r m s a n h e d r a l , e q u a n t g r a i n s a v e r a g i n g 0.02-0.03 mm i n 
s i z e . 

The r o c k c o n t a i n s a l e n s y l a y e r o f c h e r t up t o s e v e r a l mm w i d e 
d o m i n a t e d by e q u a n t q u a r t z g r a i n s a v e r a g i n g 0.01-0.015 mm i n s i z e , 
w i t h much l e s s d i s s e m i n a t e d s e r i c i t e and p y r i t e . P y r i t e g r a i n s 
a v e r a g e 0.01-0.02 mm i n g r a i n s i z e . A n k e r i t e f o r m s a few d i s s e m i n a t e d 
g r a i n s a v e r a g i n g 0.05-0.08 mm i n s i z e . The l a y e r a p p e a r s t o be 
i n c i p i e n t l y b o u d i n a g e d . L e n s e s r i c h i n e x t r e m e l y f i n e g r a i n e d p y r i t e 
f o r m r e p l a c e m e n t v e i n s up t o 0.3 mm w i d e . 

A few t i g h t m i c r o s c o p i c f o l d s h a v e a m p l i t u d e s o f a b o u t 0.5 mm and 
p e r i o d s o f a b o u t 1 mm. 



Sample A-2 Metamorphosed L i t h i c - C r y s t a l Calcareous Wacke; 
A n k e r i t e - ( Q u a r t z Vein) 

F r a g m e n t s o f q u a r t z g r a i n s , c h e r t , c h e r t y m u d s t o n e , and m i n o r 
p l a g i o c l a s e g r a i n s a r e s e t i n a f o l i a t e d g r o u n d m a s s d o m i n a t e d by a n k e r i t e 
and q u a r t z , w i t h m i n o r s e r i c i t e . A p o s t - m e t a m o r p h i c v e i n i s d o m i n a t e d 
by a n k e r i t e w i t h m i n o r q u a r t z . 

f r a g m e n t s 
q u a r t z g r a i n s 12-15% 
c h e r t y m u d s t o n e 12-15 
c h e r t 7- 8 
p l a g i o c l a s e 0.2 
opaque m i n o r 
a p a t i t e t r a c e 
t o u r m a l i n e t r a c e 
z i r c o n t r a c e 

g r o u n d m a s s 
a n k e r i t e 35-40 
q u a r t z 20-25 
s e r i c i t e 4- 5 
opaque 0.3 

v e i n 
a n k e r i t e - ( q u a r t z ) 1- 2% 

Q u a r t z f o r m s s i n g l e g r a i n s a v e r a g i n g 0.5-1.2 mm i n s i z e , and a 
few a g g r e g a t e s up t o 1.8 mm a c r o s s o f a n h e d r a l g r a i n s a v e r a g i n g 
0.1-0.7 mm. Many o f t h e a g g r e g a t e s were f o r m e d by r e c r y s t a l 1 i z a t i o n 
o f c o a r s e r s i n g l e g r a i n s , and some show m o d e r a t e l y s t r a i n e d 
e x t i n c t i o n . 

C h e r t y m u d s t o n e f o r m s f r a g m e n t s up t o 5 mm w i d e and 12 mm l o n g . 
I t i s d o m i n a t e d by q u a r t z g r a i n s a v e r a g i n g 0.005-0.01 mm i n s i z e and 
l e s s s e r i c i t e f l a k e s . The l a t t e r a r e o r i e n t e d m o d e r a t e l y p a r a l l e l t o 
t h e l e n g t h o f t h e f r a g m e n t s (and t h e f o l i a t i o n i n t h e r o c k ) . 
L a r g e r f r a g m e n t s a r e c u t by w i s p y seams o f o p a q u e , a l o n g w h i c h t h e 
r o c k was c o n t o r t e d s l i g h t l y . An e l o n g a t e f r a g m e n t 6 mm l o n g and a few 
s m a l l e r ones a r e f o l i a t e d p e r p e n d i c u l a r t o t h e i r l e n g t h ( f o l i a t i o n = 
o r i e n t a t i o n o f s e r i c i t e ) . T h i s f o l i a t i o n i s w a r p e d m o d e r a t e l y i n a 
s e r i e s o f s m a l l k i n k f o l d s . A few seams o f opaque a r e p a r a l l e l t o t h e 
k i n k - f o l d a x e s . I n n a r r o w e r p a r t s o f t h e l a r g e f r a g m e n t and a l o n g i t s 
b o r d e r s , and i n some s m a l l e r f r a g m e n t s , s e r i c i t e i s r e c r y s t a l 1 i z e d t o 
v e r y f i n e g r a i n e d m u s c o v i t e , w h i c h i s o r i e n t e d p a r a l l e l t o t h e l e n g t h 
o f t h e f r a g m e n t . O t h e r f r a g m e n t s c o n t a i n l e s s s e r i c i t e , and g r a d e i n 
c o m p o s i t i o n and t e x t u r e t o w a r d s t h e c h e r t f r a g m e n t s . One o f t h e 
l a t t e r c o n t a i n s p a t c h e s w i t h m o d e r a t e l y a b u n d a n t , d i s s e m i n a t e d , d u s t y 
c a r b o n a c e o u s o p a q u e . 

C h e r t f r a g m e n t s a v e r a g e 0.3-1.2 mm i n s i z e . They a r e d o m i n a t e d 
by e q u a n t q u a r t z g r a i n s a v e r a g i n g 0.01-0.02 mm i n s i z e , w i t h m i n o r 
s e r i c i t e and a n k e r i t e . Some f r a g m e n t s c o n t a i n w i s p y s e r i c i t e s eams, 
a l o n g w h i c h q u a r t z was r e c r y s t a l l i z e d t o s l i g h t l y c o a r s e r g r a i n s i n 
s u b p a r a l l e l o r i e n t a t i o n . A n k e r i t e l o c a l l y f o r m s s u b h e d r a l 
p o r p h y r o b l a s t s up t o 0.15 mm i n s i z e . One f r a g m e n t c o n t a i n s a b u n d a n t 
s u b h e d r a l t o e u h e d r a l , r h o m b i c a n k e r i t e p o r p h y r o b l a s t s a v e r a g i n g 0.02 
mm i n s i z e . 

p l a g i o c l a s e f o r m s a few a n h e d r a l g r a i n s a v e r a g i n g 0.5 mm i n s i z e . 
One f r a g m e n t 0.9 mm l o n g c o n s i s t s o f an i n t e r g r o w t h o f a l a r g e q u a r t z 
g r a i n and a s m a l l e r p l a g i o c l a s e g r a i n . 

One e q u a n t opaque g r a i n 0.4 mm a c r o s s a p p e a r s t o be d e t r i t a l ; i t 
may be h e m a t i t e . 

A p a t i t e i s c o n c e n t r a t e d i n one l e n s y p a t c h w i t h opaque and 
s e r i c i t e a s e q u a n t a n h e d r a l g r a i n s a v e r a g i n g 0.02-0.03 mm i n s i z e . 
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T o u r m a l i n e f o r m s an e q u a n t g r a i n 0.15 mm i n s i z e . P l e o c h r o i s m i s 
f r o m v e r y p a l e t o medium o l i v e g r e e n . 

Z i r c o n f o r m s a few r o u n d e d g r a i n s a v e r a g i n g 0.05-0.1 mm a c r o s s ; 
one o f t h e l a r g e r g r a i n s i s c o r r o d e d s l i g h t l y . 

i n t h e g r o u n d m a s s , a n k e r i t e f o r m s a n h e d r a l , s l i g h t l y i n t e r l o c k i n g 
g r a i n s a v e r a g i n g 0.05-0.15 mm i n s i z e and a few p a t c h e s o f much f i n e r 
g r a i n s . 

Q u a r t z f o r m s a g g r e g a t e s o f s l i g h t l y i n t e r l o c k i n g t o s u b m o s a i c 
g r a i n s a v e r a g i n g 0.02-0.05 mm i n s i z e . G r a i n s i z e v a r i e s m o d e r a t e l y 
f r o m p a t c h t o p a t c h . A few q u a r t z p a t c h e s c o n t a i n s u b h e d r a l t o 
e u h e d r a l p o r p h y r o b l a s t s o f a n k e r i t e a v e r a g i n g 0.05-0.1 mm i n s i z e . 

S e r i c i t e / m u s c o v i t e i s c o n c e n t r a t e d i n w i s p y seams up t o 0.1 mm 
w i d e and p a t c h e s up t o 1 mm a c r o s s . Some o f t h e s e a r e c o n t o r t e d 
s t r o n g l y . D u s t y t o e x t r e m e l y f i n e g r a i n e d opaque ( c a r b o n a c e o u s ? ) i s 
i n t e r g r o w n w i t h s e r i c i t e / m u s c o v i t e f l a k e s . D i s e m i n a t e d i n a n k e r i t e 
and q u a r t z a r e m i n o r s e r i c i t e / m u s c o v i t e f l a k e s a v e r a g i n g 0.03-0.07 mm 
l o n g . 

Opaque ( p o s s i b l y i l m e n i t e / T i - o x i d e ) f o r m s a n h e d r a l g r a i n s 
a v e r a g i n g 0.05-0.15 mm i n s i z e , m a i n l y a s s o c i a t e d w i t h seams o f 
s e r i c i t e . 

A d i s c o n t i n u o u s v e i n up t o 0.9 mm w i d e i s d o m i n a t e d by medium 
g r a i n e d a n k e r i t e w i t h m i n o r p a t c h e s o f c h e r t y t o v e r y f i n e g r a i n e d 
q u a r t z . 



Sample A-3 Metamorphosed p o r p h y r i t i c L a t i t e Flow ( o r C r y s t a l 
T u f f ) ; Replacement P y r i t e - C h l o r i t e - C a l c i t e - Q u a r t z 

p h e n o c r y s t s o f p l a g i o c l a s e and m i n o r o n e s o f h o r n b l e n d e and 
q u a r t z a r e s e t i n a m o d e r a t e l y f o l i a t e d g r o u n d m a s s d o m i n a t e d by 
p l a g i o c l a s e , s e r i c i t e , and c a l c i t e . The e l o n g a t e n a t u r e o f some o f 
t h e p l a g i o c l a s e p h e n o c r y s t s s u g g e s t s t h a t t h e r o c k i s a f l o w r a t h e r 
t h a n a c r y s t a l t u f f . H o w e ver, t h e e v i d e n c e i s n o t c o n c l u s i v e , and t h e 
a l t e r n a t e o r i g i n as a c r y s t a l t u f f i s p o s s i b l e . A m a j o r 
r e p l a c e m e n t v e i n and s m a l l e r p a t c h e s a r e d o m i n a t e d by p y r i t e and 
c h l o r i t e w i t h much l e s s c a l c i t e a n d q u a r t z . 

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

p l a g i o c l a s e 1 5 - 1 7 % 5 0 - 5 5 % 
h o r n b l e n d e (?) 0.5 
q u a r t z t r a c e 0.3 1- 2% 
s e r i c i t e 8-10 
c a l c i t e 8-10 2- 3% 
p y r i t e 1 - 2 5 - 7 
c h l o r i t e 1 - 2 2 - 3 
T i - o x i d e 0.3 
a p a t i t e t r a c e 
z i r c o n t r a c e 

f r a g m e n t s (?) 
q u a r t z - ( p y r i t e ) 1- 2% 

P l a g i o c l a s e f o r m s s u b h e d r a l t o e u h e d r a l p h e n o c r y s t s a v e r a g i n g 
0.5-1.2 mm i n s i z e . S h apes r a n g e f r o m e q u a n t t o m o d e r a t e l y e l o n g a t e 
p r i s m a t i c . Some c l u s t e r s c o n t a i n a g g r e g a t e s o f a few p l a g i o c l a s e 
g r a i n s . A l t e r a t i o n i s s l i g h t t o m o d e r a t e t o d i s s e m i n a t e d f l a k e s o f 
s e r i c i t e and p a t c h e s o f c a l c i t e . 

A few e l o n g a t e p a t c h e s up t o 1 mm l o n g a r e d o m i n a t e d by v e r y f i n e 
g r a i n e d c a l c i t e w i t h l o c a l l y m i n o r q u a r t z and p y r i t e . S h a p e s o f t h e s e 
p a t c h e s s u g g e s t t h a t t h e y may r e p r e s e n t a l t e r e d h o r n b l e n d e 
p h e n o c r y s t s . 

Q u a r t z f o r m s a v e r y f e w , a n g u l a r g r a i n s up t o 0.4 mm l o n g , w h i c h 
may r e p r e s e n t o r i g i n a l p h e n o c r y s t s . 

S e v e r a l p a t c h e s a v e r a g i n g 0.2-0.7 mm i n s i z e a r e d o m i n a t e d by 
a g g r e g a t e s o f f i n e t o v e r y f i n e g r a i n e d q u a r t z . Some c o n t a i n m i n o r t o 
m o d e r a t e l y a b u n d a n t p y r i t e a n d / o r c a l c i t e . The o r i g i n o f t h e s e i s 
u n c e r t a i n . 

I n t h e g r o u n d m a s s , p l a g i o c l a s e f o r m s a n h e d r a l g r a i n s a v e r a g i n g 
0.02-0.1 mm i n s i z e . A l t e r a t i o n i s m o d e r a t e t o s e r i c i t e and c a l c i t e . 

S e r i c i t e f o r m s d i s s e m i n a t e d f l a k e s and c l u s t e r s o f a few f l a k e s 
a v e r a g i n g 0.01-0.03 mm i n s i z e , and i s i n t e r g r o w n i n t i m a t e l y w i t h 
p l a g i o c l a s e . L o c a l l y i t i s c o n c e n t r a t e d i n w i s p y seams p a r a l l e l t o 
f o l i a t i o n . 

C a l c i t e f o r m s d i s s e m i n a t e d , i r r e g u l a r g r a i n s and c l u s t e r s o f 
g r a i n s a v e r a g i n g 0.05-0.1 mm i n s i z e , w i t h a few p a t c h e s c o n t a i n i n g 
g r a i n s up t o 0.3 mm a c r o s s . 

P y r i t e f o r m s d i s s e m i n a t e d g r a i n s and c l u s t e r s o f g r a i n s a v e r a g i n g 
0.02-0.1 mm i n g r a i n s i z e . 

Q u a r t z f o r m s a few e q u a n t g r a i n s a v e r a g i n g 0.1-0.2 mm i n s i z e . 
T i - o x i d e f o r m s a n h e d r a l l e n s e s a v e r a g i n g 0.1-0.15 mm l o n g and 

e q u a n t p a t c h e s a v e r a g i n g 0.05 mm a c r o s s . T h e s e a r e s e c o n d a r y , 
p r o b a b l y a f t e r i l m e n i t e ; most h a v e a d e l i c a t e c o n c e n t r i c t e x t u r e . 

A p a t i t e f o r m s a few s u b h e d r a l , s t u b b y p r i s m a t i c g r a i n s up t o 0.15 
mm i n l e n g t h . 
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The m a i n r e p l a c e m e n t v e i n and s m a l l e r r e p l a c e m e n t p a t c h e s a r e 
d o m i n a t e d by p y r i t e and c h l o r i t e , w i t h l e s s c a l c i t e o r q u a r t z . A few 
p a t c h e s a r e C h l o r i t e f o r m s a n h e d r a l a g g r e g a t e s o f g r a i n s a v e r a g i n g 
0.02-0.08 mm i n g r a i n s i z e . Q u a r t z f o r m s e q u a n t t o e l o n g a t e g r a i n s 
a v e r a g i n g 0.05-0.15 mm i n s i z e . Commonly e l o n g a t e g r a i n s a r e o r i e n t e d 
p e r p e n d i c u l a r t o c r y s t a l f a c e s o f p y r i t e , and a r e i n t e r g r o w n w i t h 
i r r e g u l a r f l a k e s o f c h l o r i t e . C a l c i t e f o r m s a few g r a i n s up t o 1.5 mm 
i n s i z e ; more commonly i t f o r m s i r r e g u l a r a g g r e g a t e s o f g r a i n s 
a v e r a g i n g 0.05-0.15 mm i n s i z e i n t e r g r o w n w i t h c h l o r i t e a n d q u a r t z . 

One q u a r t z g r a i n c o n t a i n s a p a t c h 0.06 mm a c r o s s c o n s i s t i n g o f 
a g r a i n o f g a l e n a c o n t a i n i n g a s m a l l e r g r a i n o f p y r i t e a n d one o f 
c h a l c o p y r i t e . 



Sample A-4 Metamorphosed A n d e s i t i c T u f f ; Replacement Lenses of 
Q u a r t z - A n k e r i t e and Q u a r t z - C h l o r i t e 

L e n s e s and p a t c h e s o f v e r y f i n e g r a i n e d p l a g i o c l a s e - a n k e r i t e a r e 
s e t i n a w e l l f o l i a t e d g r o u n d m a s s d o m i n a t e d b y c h l o r i t e , w i t h much 
l e s s a n k e r i t e , p l a g i o c l a s e , p y r i t e , and T i - o x i d e . A f e w 
r e p l a c e m e n t ( ? ) l e n s e s a r e o f q u a r t z - a n k e r i t e o r q u a r t z - c h l o r i t e . 

c h l o r i t e 50-55 
p l a g i o c l a s e 25-30 
a n k e r i t e 10-12 
p y r i t e 3- 4 
q u a r t z 1- 2 
T i - o x i d e 1 

L e n s e s and p a t c h e s up t o 2 mm l o n g c o n s i s t o f s u b m o s a i c 
a g g r e g a t e s o f p l a g i o c l a s e a nd a n k e r i t e a v e r a g i n g 0.03-0.1 mm i n g r a i n 
s i z e . T h e s e g r a d e down i n s i z e t o much s m a l l e r l e n s e s and s i n g l e 
g r a i n s o f p l a g i o c l a s e a nd a n k e r i t e . P l a g i o c l a s e l o c a l l y shows s i m p l e 
o r w e a k l y d e v e l o p e d a l b i t e t w i n s ; t h i s d i s t i n g u i s h e s i t f r o m q u a r t z . 
A s m a l l p e r c e n t a g e o f t h e u n t w i n n e d g r a i n s c l a s s i f i e d a s p l a g i o c l a s e 
may a c t u a l l y be q u a r t z . 

The g r o u n d m a s s i s d o m i n a t e d b y c h l o r i t e , w h i c h f o r m s e x t r e m e l y 
f i n e t o v e r y f i n e g r a i n e d f l a k e s , commonly i n s u b p a r a l l e l o r i e n t a t i o n 
p a r a l l e l t o a p r o m i n e n t f o l i a t i o n . F i n e r g r a i n e d l e n s e s o f c h l o r i t e 
commonly c o n t a i n a b u n d a n t p r i s m a t i c g r a i n s and i r r e g u l a r a g g r e g a t e s o f 
r u t i l e a v e r a g i n g 0.005-0.01 mm i n g r a i n s i z e a nd e q u a n t g r a i n s o f 
p y r i t e up t o 0.02 mm i n s i z e ; t h e s e commonly a r e c o n c e n t r a t e d i n seams 
and l e n s e s p a r a l l e l t o f o l i a t i o n . A few r e c r y s t a l l i z e d p a t c h e s up t o 
1 mm i n s i z e c o n t a i n c h l o r i t e f l a k e s a v e r a g i n g 0.07-0.25 mm i n s i z e i n 
random o r i e n t a t i o n . 

P y r i t e a l s o f o r m s d i s s e m i n a t e d g r a i n s and a g g r e g a t e s o f g r a i n s 
a v e r a g i n g 0.05-0.5 mm i n s i z e . S u r r o u n d i n g most c o a r s e r g r a i n s a r e 
r e c r y s t a l l i z e d p a t c h e s o f c h l o r i t e . 

One l e n s 5 mm l o n g and up t o 1.3 mm w i d e c o n s i s t s o f q u a r t z and 
l e s s a b u n d a n t a n k e r i t e . Q u a r t z f o r m s a n h e d r a l g r a i n s a v e r a g i n g 
0.1-0.5 mm i n s i z e , many o f w h i c h show s t r a i n e d e x t i n c t i o n . A n k e r i t e 
f o r m s a n h e d r a l g r a i n s a v e r a g i n g 0.07-0.1 mm i n s i z e . 

One l e n s 1.5 mm l o n g c o n s i s t s o f p a t c h e s o f v e r y f i n e g r a i n e d 
q u a r t z c o a r s e l y i n t e r g r o w n w i t h p a t c h e s o f v e r y f i n e g r a i n e d 
r e c r y s t a l 1 i z e d ( ? ) c h l o r i t e . 



Sample A-5 Q u a r t z - S e r i c i t e - A n k e r i t e S c h i s t (Meta-sedimentary Rock 
o r M e t a m o r p h o s e d F i n e F e l s i c T u f f ) 

The r o c k i s d o m i n a t e d by q u a r t z and s e r i c i t e , w i t h l e s s e r 
a n k e r i t e and m i n o r p y r i t e . A s t r o n g f o l i a t i o n i s c o n t o r t e d m o d e r a t e l y 
t o s t r o n g l y i n t o s m a l l k i n k f o l d s , and c u t by a s e c o n d f o l i a t i o n a x i a l 
p l a n a r t o t h e k i n k f o l d s and a t a m o d e r a t e t o h i g h a n g l e t o t h e 
p r i m a r y f o l i a t i o n . L o c a l l y , s e r i c i t e was r e c r y s t a l 1 i z e d t o m u s c o v i t e 
a l o n g t h e s e c o n d f o l i a t i o n d i r e c t i o n . K i n k f o l d s a r e d e v e l o p e d much 
more s t r o n g l y i n s e r i c i t e - r i c h p a r t s o f t h e r o c k t h a n i n q u a r t z - r i c h 
l e n s e s . V e i n s and v e i n l e t s a r e d o m i n a t e d b y a n k e r i t e a n d q u a r t z . 

s e r i c i t e 4 5 -50% 
q u a r t z 35-40 
a n k e r i t e 7- 8 
m u s c o v i t e 3- 4 
p y r i t e 0.5 
T i - o x i d e 0.1 
c h l o r i t e m i n o r 
v e i n s 
a n k e r i t e - q u a r t z 2- 3 

S e r i c i t e f o r m s s u b p a r a l l e l f l a k e s a v e r a g i n g 0.01-0.05 mm i n 
l e n g t h , o r i e n t e d p a r a l l e l t o t h e p r i m a r y f o l i a t i o n . I t was 
r e c r y s t a l 1 i z e d l o c a l l y t o b r a i d e d s t r a n d s o f a g g r e g a t e s o f s u b p a r a l l e l 
m u s c o v i t e f l a k e s up t o 1 mm i n l e n g t h o r i e n t e d a l o n g t h e s e c o n d 
f o l i a t i o n . 

Q u a r t z f o r m s e q u a n t , s l i g h t l y i n t e r l o c k i n g g r a i n s a v e r a g i n g 
0.005-0.02 mm i n s i z e . I t a l s o i s c o n c e n t r a t e d i n a few q u a r t z - r i c h 
l e n s e s p a r a l l e l t o f o l i a t i o n up t o 0.2 mm w i d e and 1.5 mm l o n g . 

A n k e r i t e f o r m s d i s s e m i n a t e d , a n h e d r a l t o e u h e d r a l g r a i n s 
a v e r a g i n g 0.02-0.03 mm i n s i z e , w i t h a few g r a i n s up t o 0.15 mm 
a c r o s s . I t i s c o n c e n t r a t e m o d e r a t e l y i n c e r t a i n l a y e r s and p a t c h e s , 
and w i t h s e r i c i t e a c c o u n t s f o r t h e b u f f c o l o r o f t h e r o c k . 

P y r i t e f o r m s d i s s e m i n a t e d g r a i n s a v e r a g i n g 0.05-0.1 mm i n s i z e , 
w i t h a few up t o 0.4 mm a c r o s s . A few h a v e p a r t i a l t o c o m p l e t e r i m s 
o f q u a r t z g r a i n s a v e r a g i n g 0.05 mm i n s i z e , and one h a s m i n o r 
c h l o r i t e i n t e r g r o w n w i t h q u a r t z i n t h e h a l o . 

C h l o r i t e f o r m s e q u a n t g r a i n s a v e r a g i n g 0.03-0.07 mm i n s i z e 
b o r d e r i n g a few p y r i t e g r a i n s . 

T i - o x i d e f o r m s i r r e g u l a r p a t c h e s up t o 0.2 mm l o n g . 

One d i s c o n t i n u o u s v e i n up t o 1 mm w i d e i s d o m i n a t e d by medium 
t o f i n e g r a i n e d a n k e r i t e and l e s s f i n e g r a i n e d and m i n o r v e r y 
f i n e g r a i n e d , d i s s e m i n a t e d f l a k e s o f c h l o r i t e . A few i r r e g u l a r 
v e i n l e t s f r o m 0.1-0.2 mm w i d e a r e d o m i n a t e d b y v e r y f i n e g r a i n e d 
q u a r t z and a n k e r i t e . 



Sample A-6 M u s c o v i t e - P y r i t e - Q u a r t z S c h i s t 
(Metamorphosed F e l s i c Tuff?) 

A few q u a r t z p h e n o c r y s t s ( ? ) a r e s e t i n a g r o u n d m a s s d o m i n a t e d by 
m u s c o v i t e w i t h much l e s s q u a r t z . M u s c o v i t e c o n t a i n s a b u n d a n t 
d i s s e m i n a t e d p y r i t e and m i n o r d i s s e m i n a t e d a p a t i t e . The r o c k p r o b a b l y 
i s a m e t a m o r p h o s e d and a l t e r e d f e l s i c t u f f . The g r e y c o l o r o f t h e 
hand s a m p l e i s b e c a u s e o f t h e f i n e l y d i s s e m i n a t e d p y r i t e . 

p h e n o c r y s t s and v e i n ( ? ) 
q u a r t z 2- 3% 

g r o u n d m a s s 
m u s c o v i t e 77-82 
p y r i t e 7- 8 
q u a r t z 10-12 
a p a t i t e 0.3 
z i r c o n t r a c e 

Q u a r t z f o r m s a few s i n g l e g r a i n s a v e r a g i n g 0.3-0.7 mm i n s i z e . 
M o s t o f t h e s e a r e a n h e d r a l , and a few a r e s u b h e d r a l . Some have 
t e x t u r e s t y p i c a l o f p h e n o c r y s t s . H o w ever, one d i s c o n t i n u o u s , 
q u a r t z - r i c h l e n s o r v e i n zone up t o 1 mm w i d e c o n t a i n s s i m i l a r q u a r t z 
g r a i n s up t o 3 mm l o n g . 

M u s c o v i t e f o r m s a g g r e g a t e s o f f l a k e s a v e r a g i n g 0.1-0.5 mm i n 
l e n g t h ; t h e s e a r e i n p a r a l l e l o r i e n t a t i o n and d e f i n e t h e s t r o n g 
f o l i a t i o n i n t h e r o c k . F o l i a t i o n i s c o n t o r t e d s l i g h t l y i n t o wavy 
f o l d s . 

Q u a r t z i s c o n c e n t r a t e d i n l e n s e s a nd p a t c h e s , m a i n l y as 
a g g r e g a t e s a v e r a g i n g 0.02-0.05 mm i n g r a i n s i z e , and l o c a l l y i n 
c o a r s e r g r a i n e d p a t c h e s a v e r a g i n g 0.1-0.2 mm i n g r a i n s i z e . A l o n g 
b o r d e r s o f c o a r s e r p y r i t e g r a i n s , i t i s r e c r y s t a l l i z e d i n t o a g g r e g a t e s 
o r i e n t e d p e r p e n d i c u l a r t o p y r i t e c r y s t a l f a c e s . 

P y r i t e i s c o n c e n t r a t e d i n c e r t a i n b a n d s p a r a l l e l t o f o l i a t i o n , 
and g e n e r a l l y i s i n t e r g r o w n w i t h m u s c o v i t e . A few l a y e r s a r e 
d o m i n a t e d by p y r i t e and q u a r t z . P y r i t e - r i c h b a n d s a v e r a g e 0.1-0.2 mm 
w i d e . G r a i n s i z e o f p y r i t e a v e r a g e d 2 m i c r o n s up t o 0.2 mm. A few 
p y r i t e p a t c h e s a r e up t o 0.5 mm a c r o s s ; some o f t h e s e a r e rimmed by 
a g g r e g a t e s o f r e c r y s t a l l i z e d q u a r t z . 

T i - o x i d e ( a f t e r i l m e n i t e ? ) f o r m s e q u a n t , s u b h e d r a l g r a i n s 
a v e r a g i n g 0.07-0.2 mm i n s i z e . 

A p a t i t e f o r m s d i s s e m i n a t e d , r a g g e d , a n h e d r a l t o s u b h e d r a l g r a i n s 
a v e r a g i n g 0.1-0.2 mm i n l e n g t h . 

Z i r c o n f o r m s a n h e d r a l t o s u b r o u n d e d g r a i n s up t o 0.15 mm l o n g . 



Sample A-7 Metamorphosed F e l s i c L a p i l l i T u f f ; A n k e r i t e - r i c h Layer 
or Replacement Ve i n 

The r o c k c o n t a i n s a few e q u a n t f r a g m e n t s o f l a t i t e i n a s t r o n g l y 
d e f o r m e d g r o u n d m a s s d o m i n a t e d by q u a r t z and m u s c o v i t e . P y r i t e o c c u r s 
i n two m a i n modes. A l a y e r o r d i f f u s e r e p l a c e m e n t v e i n up t o 1.5 mm 
w i d e c o n t a i n s a b u n d a n t a n k e r i t e . 

f r a g m e n t s 
l a t i t e / c h e r t 3- 4% 

q u a r t z 45-50% 
m u s c o v i t e / s e r i c i t e 35-40 
p y r i t e 7- 8 
a n k e r i t e 2- 3 
a p a t i t e 0.1 
c h l o r i t e 0.1 
T i - o x i d e m i n o r 

S u b r o u n d e d f r a g m e n t s a v e r a g e 0.7-1.2 mm i n s i z e . One l a t i t e 
f r a g m e n t i s d o m i n a t e d by a n h e d r a l g r a i n s o f p l a g i o c l a s e a v e r a g i n g 
0.02-0.07 mm i n s i z e . I t a l s o c o n t a i n s m o d e r a t e l y a b u n d a n t 
d i s s e m i n a t e d f l a k e s o f s e r i c i t e , d i s s e m i n a t e d p y r i t e , and a b u n d a n t 
c l u s t e r s o f e q u a n t g r a i n s o f a p a t i t e ( ? ) a v e r a g i n g 0.01 mm i n s i z e . 
A n o t h e r f r a g m e n t c o n t a i n s p l a g i o c l a s e i n a s i m i l a r t e x t u r e , w i t h 
d i s s e m i n a t e d c l u s t e r s o f p y r i t e and one s u b h e d r a l p r i s m a t i c a p a t i t e 
g r a i n 0.08 mm l o n g . Some f r a g m e n t s a r e d o m i n a t e d by q u a r t z a v e r a g i n g 
0.005-0.01 mm i n s i z e and much l e s s s e r i c i t e . Some o f t h e s e c o n t a i n 
m o d e r a t e l y a b u n d a n t , d i s s e m i n a t e d , e x t r e m e l y f i n e g r a i n e d p y r i t e . 

Q u a r t z f o r m s a n h e d r a l g r a i n s a v e r a g i n g 0.005-0.02 mm i n s i z e 
i n t e r g r o w n i n t i m a t e l y w i t h s e r i c i t e . 

S e r i c i t e f o r m s w i s p y f l a k e s a v e r a g i n g 0.02-0.05 mm i n l e n g t h 
i n t e r g r o w n w i t h q u a r t z . These p r o b a b l y d e f i n e d an o r i g i n a l 
m e t a m o r p h i c f o l i a t i o n . S e r i c i t e was c o n t o r t e d a l o n g 
c l o s e l y s p a c e d seams, and r e c r y s t a l l i z e d s t r o n g l y t o c o a r s e r g r a i n e d 
m u s c o v i t e f l a k e s a l o n g some o f t h e s e seams t o p r o d u c e a s e c o n d 
f o l i a t i o n . one l e n s y p a t c h 1.2 mm l o n g c o n s i s t s o f u n o r i e n t e d f l a k e s 
o f m u s c o v i t e a v e r a g i n g 0.1-0.2 mm i n l e n g t h i n t e r g r o w n w i t h m i n o r 
g r a i n s of a n k e r i t e o f s i m i l a r s i z e . 

P y r i t e i s c o n c e n t r a t e d i n i r r e g u l a r l e n s e s and p a t c h e s , commonly 
e l o n g a t e d p a r a l l e l t o f o l i a t i o n . I n t h e s e , p y r i t e f o r m s a n h e d r a l 
g r a i n s a v e r a g i n g 0.01-0.03 mm i n s i z e , and i s i n t e r g r o w n i n t i m a t e l y 
w i t h s e r i c i t e and l e s s commonly w i t h q u a r t z . P y r i t e a l s o f o r m s s i n g l e 
g r a i n s and c l u s t e r s o f g r a i n s a v e r a g i n g 0.1-0.5 mm i n s i z e . Most o f 
t h e s e a r e s u r r o u n d e d by r e c r y s t a l l i z e d q u a r t z g r a i n s , w h i c h grew i n 
wavy, f l a m e l i k e , s u b p a r a l l e l a g g r e g a t e s e x t e n d i n g o u t w a r d s f r o m t h e 
p y r i t e c r y s t a l f a c e s w h i c h a r e s u b p e r p e n d i c u l a r t o t h e s e c o n d 
f o l i a t i o n . 

The a n k e r i t e - r i c h l a y e r o r r e p l a c e m e n t v e i n a v e r a g e s 0.7-1.5 mm 
i n w i d t h . i n p l a c e s i t i s d o m i n a t e d by p r i s m a t i c g r a i n s o f a n k e r i t e 
o r i e n t e d p e r p e n d i c u l a r t o t h e w a l l s o f t h e v e i n . E l s e w h e r e , a n k e r i t e 
i s i n t e r g r o w n w i t h m i n o r t o m o d e r a t e l y a b u n d a n t q u a r t z - s e r i c i t e . 
E l s e w h e r e i n t h e r o c k , a n k e r i t e f o r m s s c a t t e r e d g r a i n s a v e r a g i n g 
0.07-0.1 mm i n s i z e . 

C h l o r i t e f o r m s s i n g l e , e q u a n t p o r p h y r o b l a s t s and a g g r e g a t e s o f a 
few f l a k e s a v e r a g i n g 0.07-0.12 mm i n s i z e , w i t h a few up t o 0.2 mm 
a c r o s s . Most g r a i n s a r e v e r y p a l e g r e e n i n c o l o r , and a few a r e l i g h t 
o l i v e g r e e n . 

A p a t i t e f o r m s a n h e d r a l t o s u b h e d r a l , p r i s m a t i c g r a i n s a v e r a g i n g 
0.07-0.1 mm i n l e n g t h . Some a r e g r a n u l a t e d m o d e r a t e l y . 

T i - o x i d e f o r m s a few i r r e g u l a r p a t c h e s up t o 0.15 mm i n s i z e o f 
e x t r e m e l y f i n e g r a i n e d a g g r e g a t e s . 



Sample A-8 B a r i t e V e i n with minor T e t r a h e d r i t e , Bournonite, 
B o u l a n g e r i t e , S p h a l e r i t e , N a t i v e Gold, P y r i t e and Quartz 

A l t h o u g h t e x t u r e s a r e n o t c o n c l u s i v e , t h e r o c k i s i n t e r p r e t e d 
a s a b a r i t e - r i c h v e i n c o n t a i n i n g l e n s e s , p a t c h e s , and d i s s e m i n a t i o n s 
o f p y r i t e w i t h l e s s t e t r a h e d r i t e and m i n o r s p h a l e r i t e , b o u l a n g e r i t e , 
b o u r n o n i t e , and q u a r t z . S u l f o s a l t s a r e c o n c e n t r a t e d i n one m a i n b a n d . 
N a t i v e g o l d f o r m s d i s s e m i n a t e d g r a i n s a s s o c i a t e d w i t h s u l f o s a l t s and 
p y r i t e . The s e c t i o n i s much t h i c k e r t h a n n o r m a l ( f o r f l u i d i n c l u s i o n 
s t u d y ) , and t h u s t h e c o m p o s i t i o n o f t h e s i l i c a t e s was d i f f i c u l t t o 
d e t e r m i n e . C o a r s e r b a r i t e g r a i n s c o n t a i n m i n o r f l u i d i n c l u s i o n s , 
w h i c h were n o t s t u d i e d f u r t h e r . 

b a r i t e 85-87% 
p y r i t e 5- 7 
q u a r t z 2- 3 
q u a r t z / p l a g i o c l a s e 1- 2 
t e t r a h e d r i t e 3- 4 
s p h a l e r i t e 0.3 
b o u l a n g e r i t e 0.3 (?) 
b o u r n o n i t e 0.1 (?) 
s e r i c i t e / m u s c o v i t e 0.1 
n a t i v e g o l d t r a c e 

B a r i t e f o r m s a n h e d r a l g r a i n s a v e r a g i n g 0.1-0.5 mm i n s i z e , w i t h 
a few p r i s m a t i c g r a i n s up t o 1.7 mm l o n g . Some c o a r s e r g r a i n s c o n t a i n 
p a t c h e s w i t h m i n o r f l u i d i n c l u s i o n s o f unknown c o m p o s i t i o n l e s s t h a n 
0.01 mm i n s i z e . 

Q u a r t z f o r m s d i s s e m i n a t e d , a n h e d r a l g r a i n s a v e r a g i n g 0.05-0.08 mm 
i n s i z e . Q u a r t z o r p l a g i o c l a s e f o r m s a few s u b h e d r a l , s t u b b y 
p r i s m a t i c g r a i n s up t o 1.5 mm l o n g . 

M u s c o v i t e f o r m s s c a t t e r e d , s l e n d e r f l a k e s and c l u s t e r s o f a few 
f l a k e s a v e r a g i n g 0.07-0.1 mm i n l e n g t h . 

P y r i t e f o r m s c l u s t e r s a v e r a g i n g 0.2-0.7 mm i n s i z e o f a n h e d r a l t o 
e u h e d r a l g r a i n s a v e r a g i n g 0.01-0.05 mm i n g r a i n s i z e . 

T e t r a h e d r i t e f o r m s a n h e d r a l g r a i n s a v e r a g i n g 0.05-0.5 mm i n s i z e , 
w i t h a few c o a r s e r g r a i n s up t o 1.5 mm a c r o s s . The S.E.M. a n a l y s i s 
shows i t s c o m p o s i t i o n t o be a compound o f Cu, Z n , Sb, and S w i t h m i n o r 
As and a t r a c e o f Ag. B o u l a n g e r i t e (Pb,Sb,S) and b o u r n o n i t e 
(Pb,Cu,Sb,S) f o r m s g r a i n s a v e r a g i n g 0.03-0.07 mm i n s i z e i n t e r g r o w n 
w i t h t e t r a h e d r i t e . T h e i r o p t i c a l p r o p e r t i e s a r e s i m i l a r , w i t h 
b o u l a n g e r i t e h a v i n g a s l i g h t l y g r e a t e r a n i s o t r o p i s m . 

S p h a l e r i t e f o r m s a n h e d r a l g r a i n s a v e r a g i n g 0.02-0.03 mm i n s i z e , 
m a i n l y i n t e r g r o w n w i t h t e t r a h e d r i t e . 

A few g r a i n s o f n a t i v e g o l d f r o m 0.003-0.007 mm l o n g o c c u r on t h e 
b o r d e r o f p y r i t e g r a i n s and b o u l a n g e r i t e . A few o t h e r s a v e r a g i n g 
0.003-0.005 mm i n s i z e o c c u r o c c u r w i t h i n l a r g e r g r a i n s o f 
b o u l a n g e r i t e and t e t r a h e d r i t e . G r a i n s a r e l i g h t y e l l o w i n c o l o r , 
s u g g e s t i n g a c o m p o s i t i o n s i m i l a r t o t h a t o f t h e c o a r s e r n a t i v e g o l d 
g r a i n i n Sample A-9. 



Sample A-9 T e t r a h e d r i t e / T e n n a n t i t e - S p h a l e r i t e - G a l e n a - P y r i t e -
(Native Gold) i n Gangue of Q u a r t z - C a l c i t e - ( A l b i t e ) 

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

q u a r t z 
c a l c i t e 
a l b i t e 
s e r i c i t e 

35-35% 
30-35 
7- 8 
0.1 

t e t r a h e d r i t e / t e n n a n t i t e 12-15% 
s p h a l e r i t e 7- 8 
g a l e n a 2- 3 
p y r i t e 1- 2 
n a t i v e g o l d t r a c e 

Q u a r t z f o r m s a n h e d r a l a g g r e g a t e s a v e r a g i n g 0.1-0.5 mm i n g r a i n 
s i z e . 

C a l c i t e f o r m s e q u a n t g r a i n s a v e r a g i n g 0.3-0.8 mm i n s i z e , and 
l o c a l l y up t o 1.5 mm a c r o s s . A few c o a r s e r c a l c i t e g r a i n s c o n t a i n 
m o d e r a t e l y a b u n d a n t , t i n y i n c l u s i o n s o f s p h a l e r i t e . 

A l b i t e f o r m s e q u a n t g r a i n s a v e r a g i n g 0.7-1.3 mm i n s i z e . Some 
g r a i n s a r e i n t e r g r o w n w i t h and may be r e p l a c e d p a r t l y b y much f i n e r 
g r a i n e d q u a r t z . 

S e r i c i t e f o r m s d i s s e m i n a t e d f l a k e s a v e r a g i n g 0.03-0.05 mm l o n g , 
commonly i n t e r g r o w n w i t h s u l f i d e s a l o n g b o r d e r s o f s u l f i d e p a t c h e s . 

T e t r a h e d r i t e / t e n n a n t i t e f o r m s a n h e d r a l g r a i n s a v e r a g i n g 0.1-0.5 
mm i n s i z e , and l o c a l l y up t o 2 mm i n s i z e . I n t h i n n e r p a r t s o f t h e 
s e c t i o n i t shows a deep r e d i n t e r n a l r e f l e c t i o n . T h i s i s 
c h a r a c t e r i s t i c o f i n t e r m e d i a t e members o f t h e t e t r a h e d r i t e - t e n n a n t i t e 
s o l i d s o l u t i o n s e r i e s . The S.E.M. a n a l y s i s shows a b u n d a n t Cu, S, and 
Sb>As, w i t h l e s s Zn and m i n o r Fe and Ag. The f a c t t h a t Ag was 
i d e n t i f i e d by t h e S.E.M. i n d i c a t e s t h a t i t i s m o d e r a t e l y a b u n d a n t . 

S p h a l e r i t e f o r m s a n h e d r a l g r a i n s a v e r a g i n g 0.05-0.2 mm i n s i z e , 
i n t e r g r o w n w i t h t e t r a h e d r i t e / t e n n a n t i t e a nd w i t h q u a r t z a nd c a l c i t e . 

G a l e n a f o r m s a n h e d r a l g r a i n s a v e r a g i n g 0.07-0.2 mm i n s i z e , 
m a i n l y i n t e r g r o w n w i t h t e t r a h e d r i t e / t e n n a n t i t e . 

P y r i t e o c c u r s i n i r r e g u l a r , c l u s t e r s o f e q u a n t , d i s s e m i n a t e d , 
s u b r o u n d e d t o i r r e g u l a r g r a i n s a v e r a g i n g 0.02-0.05 mm i n s i z e . I t 
a l s o f o r m s a few s u b h e d r a l g r a i n s up t o 0.15 mm a c r o s s . 

L i g h t y e l l o w n a t i v e g o l d f o r m s one i r r e g u l a r , e l o n g a t e g r a i n 0.02 
mm l o n g i n t e t r a h e d r i t e / t e n n a n t i t e n e a r g a l e n a . The S.E.M. 
a n a l y s i s i n d i c a t e s t h a t i t h a s a g o l d / s i l v e r r a t i o o f a b o u t 8 0 / 2 0 . 



Dept. of G e o l o g i c a l S c i e n c e , 
6339 S t o r e s Rd., 
Univ. of B r i t i s h Columbia, 
Vancouver, 
Canada, 
V6T 2B4. 
10 A p r i l , 1990. 

Mr. A. H i l l , 
Mi nnorva, 
Box 255, 
B a r r i ere, 
B. C. 
VOE 1E0 

Dear A l , 

Enclosed are the r e s u l t s of SEM-EDS i n v e s t i g a t i o n 
you requested on the samples p r o v i d e d by J . Payne. The b i l l 
for *90 w i l l f o l l o w . 

The p i c t u r e s are a l l B a c k s c a t t e r e d e l e c t r o n images and 
the X-Ray t r a c e s were a l l c o l l e c t e d u s i n g an EDS d e t e c t o r . 
Note t h a t a l l work should be c o n s i d e r e d p r e l i m i n a r y , because 
i t was c o n f i n e d t o the areas s e l e c t e d by Dr. Payne and may 
not be t o t a l l y r e p r e s e n t a t i v e of the sample. P l e a s e 
i n t e g r a t e these r e s u l t s with Dr. Payne's o b s e r v a t i o n s . 

The mica i n A-5 has a higher K content t h a t t h a t i n A-
6. As the photo shows the mica i n A-5 has numerous small 
i n c l u s i o n s of a TiO mineral C r u t i l e ) . On the other hand the 
A-6 mica has numerous p y r i t e i n c l u s i o n s of v a r y i n g s i z e and 
a few r u t i l e i n c l u s i o n s . The presence of a s i g n i f i c a n t 
amount of p y r i t e i n c l u s i o n s Cor i t s o x i d a t i o n product) may 
account for the brown c o l o u r r e p o r t e d f o r the A-6 mica. 

Monazite was i d e n t i f i e d i n A-5 and Galena i n A-6. Both 
are present i n t r a c e amounts. 

Although i t can be s a i d that A-6 has a higher S content 
than A-5, the s i g n i f i c a n c e of t h i s i s not c l e a r from the 
samples. For example both have a wel l developed t e c t o n i c 
f a b r i c . It i s p o s s i b l e that e i t h e r bulk chemistry or 
d e t a i l e d mineralogy may be a b l e t o i n d i c a t e i f the S i s 
primary or was i n t r o d u c e d d u r i n g a l t e r a t i o n . 

Hopes t h i s h e l p s . C a l l i f you want t o d i s c u s s the 
r e s u l t s f u r t h e r . 



17627 INT 
AQM0KEU 1H 



NLK MODE! SELECT ELEMENT «6 
A-5 1 RICA Z=0Q 
PR= S 38SEC 17783 I NT 
U=1024 H=48KEU 1=1H AQ=40KEU 1H 

18.24KEU> 

MLK MODE! SELECT ELEMENT 61 
A-5 1 MICA Z=90 
PR= S 38SEC 17789 INT 
U=256 H=4«KEU 1 IH AQ=40KEU IH 

< 



MLK MODE! SELECT ELEMENT M& 
A-S Z = 08 
PR = S 17SEC 17627 I NT 
U=1624 H=48KEU 1=1H AQ=48KEU IH 

A-5 1 nOHOZITE Z=0O 
PR = S 9SEC 11532 INT 

< 6.08KEU- XES 18.24KEU) 
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