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Summary: 

The r o c k s a r e d i v i d e d i n t o the f o l l o w i n g t y p e s : 

1. p o r p h y r i t i c L a t i t e / D a c i t e D i k e 

P h e n o c r y s t s of p l a g i o c l a s e and much fewer of b i o t i t e , q u a r t z , and 
hor n b l e n d e a r e s e t i n a groundmass dominated by p l a g i o c l a s e w i t h 
l e s s e r s e r i c i t e , q u a r t z , d o l o m i t e , and i n p a r t , K - f e l d s p a r . M a f i c 
p h e n o c r y s t s a r e a l t e r e d c o m p l e t e l y t o m u s c o v i t e / s e r i c i t e - d o l o m i t e -
( T i - o x i d e ) . P l a g i o c l a s e i s a l t e r e d s l i g h t l y t o s e r i c i t e and d o l o m i t e . 

8 7 - P - l 179 

8 7 - P - l 193.5 f l o w banded, c o a r s e r g r a i n e d bands w i t h 
K - f e l d s p a r , f i n e r g r a i n e d band w i t h o u t 

2. A l t e r e d u l t r a m a f i c Rocks 

r a n g i n g from s e r p e n t i n i z e d p e r i d o t i t e and d u n i t e t o 
t a l c - c a r b o n a t e a l t e r e d r o c k s t o d o l o m i t e - q u a r t z - s e r i c i t e a l t e r e d 
r o c k s ; a l t e r e d r o c k s m o s t l y c o n t a i n r e l i c c h r o m i t e . S e r p e n t i n i t e 
c o n t a i n s m a g n e t i t e ( p a r t l y a l t e r e d t o h e m a t i t e ) ; some samples 
show r e l i c magmatic t e x t u r e s . S t r o n g l y a l t e r e d r o c k s commonly 
s t r o n g l y s h e a r e d and t i g h t l y f o l d e d . V e i n s of s e r p e n t i n e , c a r b o n a t e , 
t a l c and q u a r t z a r e common. A few samples c o n t a i n q u a r t z - b a r i t e 
v e i n s . A r s e n o p y r i t e , p y r i t e and much l e s s c h a l c o p y r i t e form minor 
d i s s e m i n a t i o n g r a i n s i n many of the a l t e r e d u l t r a m a f i c r o c k s . , 

(co n t i n u e d ) 
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2 . 
2A. S e r p e n t i n i t e 

I n a few samples r e l i c magmatic t e x t u r e s a r e p r e s e r v e d . With 
i n c r e a s i n g degree of d e f o r m a t i o n , t h e s e a r e d e s t r o y e d as s e r p e n t i n e i s 
r e c r y s t a l l i z e d . 

37-P-2 160 d u n i t e / p e r i d o t i t e ; p a t c h y a l t e r a t i o n t o 
m a g n e s i t e - t a l c 

87-P-2 223 d u n i t e ; p a t c h e s and v e i n s of m a g n e s i t e - t a l c 

87-P-2 245 d u n i t e ; more s t r o n g l y a l t e r e d t o m a g n e s i t e - t a l c 

87-B-3 266 p e r i d o t i t e ; o l i v i n e - o r t h o p y r o x e n e ; v e i n s of 
c a r b o n a t e - t a l c 

2B. C a r b o n a t e - T a l c A l t e r a t i o n 

C arbonate p r o b a b l y i s m a g n e s i t e ; however, o p t i c a l p r o p e r t i e s 
c a n n o t d i s t i n g u i s h i t from d o l o m i t e . Carbonate i s i n d i c a t e d as 
m a g n e s i t e i n t a l c - c a r b o n a t e a l t e r a t i o n , and as d o l o m i t e or carbonate 
i n c a r b o n a t e - q u a r t z - ( s e r i c i t e ) a l t e r a t i o n . A n k e r i t e i s t e n t a t i v e l y 
d i s t i n g u i s h e d on the b a s i s of h i g h e r r e l i e f . L i k e w i s e , t a l c and 
s e r i c i t e a r e s i m i l a r o p t i c a l l y ; t a l c i s i n d i c a t e d i n t a l c - m a g n e s i t e 
a l t e r a t i o n , and s e r i c i t e (and l o c a l l y m a r i p o s i t e ) i s i n d i c a t e d i n 
r o c k s w i t h q u a r t z . 

87-P-2 245 w i t h r e l i c s of s e r p e n t i n e 

2C. D o l o m i t e - C h e r t A l t e r a t i o n ( s e r i c i t e n oted where abundant) 

8 7 - P - l 197.3 abundant d o l o m i t e - q u a r t z v e i n s , no c h r o m i t e 

8 7 - P - l 223 b r e c c i a t e d d o l o m i t e ; m a r i p o s i t e seams; two 
u n i d e n t i f i e d s u l f i d e s , no c h r o m i t e 

v e i n s of d o l o m i t e - q u a r t z , q u a r t z - b a r i t e 

q u a r t z - b a r i t e v e i n s 

a n k e r i t e - q u a r t z - s e r i c i t e ; q u a r t z - b a r i t e v e i n s 

minor q u a r t z - b a r i t e v e i n l e t , minor p y r i t e 
b r e c c i a ; c a r b o n a t e - q u a r t z a l t e r e d u l t r a m a f i c rock 
fragments i n q u a r t z - c a r b o n a t e - c h a l c e d o n y 
groundmass 

q u a r t z - d o l o m i t e v e i n s 

d o l o m i t e - q u a r t z - s e r i c i t e ; d o l o m i t e - ( k a o l i n i t e 
q u a r t z ) v e i n s 

87-P-2 94.5 

87-P-2 120.1 

87-P-2 138 

87-P-2 247 

87-P-2 272.5 

87-B-3 481 

87-B-3 487 



3. 
3 . C h e r t w i t h D o l o m i t e - Q u a r t z Replacement 

These samples a r e dominated by c h e r t , c u t by v e i n s and 
r e p l a c e m e n t p a t c h e s of d o l o m i t e - q u a r t z . They p r o b a b l y have a 
d i f f e r e n t o r i g i n from the samples i n Group 2, but s i m i l a r i t i e s t o the 
d o l o m i t i c - q u a r t z - s e r i c i t e a l t e r a t i o n assemblage s u g g e s t t h a t they may 
be r e l a t e d . 

8 7 - P - l 287 seams of carbonaceous opaque and of p y r i t e 

8 7 - P - l 288 seams of s e r i c i t e - o p a q u e - q u a r t z w i t h l e n s e s of 
a n d e s i t e ; v e i n s of d o l o m i t e - ( k a o l i n i t e ) 

4. D a c i t e t o A n d e s i t e C r y s t a l T u f f , T u f f a c e o u s Sediments 

Rocks c o n t a i n a n g u l a r fragments of p l a g i o c l a s e , l e s s e r q u a r t z , 
and much l e s s o t h e r m i n e r a l s i n an e x t r e m e l y f i n e g r a i n e d t u f f a c e o u s 
groundmass• 

8 7 - P - l 399 abundant fragments of a n d e s i t e f l o w ; d o l o m i t i c 
groundmass; d o l o m i t e and c a l c i t e v e i n s 

8 7 - P - l 462 a n d e s i t i c t u f f a c e o u s sediment; v e i n l e t s of 
c h l o r i t e - c a l c i t e 

8 7 - P - l 492.3 bedded a n d e s i t e t u f f , one graded bed; v e i n s of 
c a l c i t e - ( c h l o r i t e - q u a r t z - p y r i t e ) 

87-P-2 65 sheared c h e r t y d a c i t e t u f f ; a n k e r i t e a l t e r a t i o n , 
q u a r t z - a n k e r i t e v e i n s 

87-P-2 363 metamorphosed d a c i t e t u f f , b r e c c i a t e d , w i t h v e i n s 
of a n k e r i t e 

87-B-3 301 metamorphosed d a c i t e c r y s t a l t u f f , q u a r t z - d o l o m i t e 

v e i n s 

5. v o l c a n i c Flow Rocks 

8 7 - P - l 301.5 a n d e s i t e f l o w , w i s p y seams of p y r i t e ; r eplacement 
p a t c h e s of d o l o m i t e , and l e n s e s of q u a r t z - d o l o m i t e 

87-P-2 58.5 metamorphosed d a c i t e (?) : q u a r t z - a l b i t e - s e r i c i t e -
a n k e r i t e - p y r i t e a l t e r a t i o n ; q u a r t z - ( d o l o m i t e ) 
v e i n s 

'John G. Payn/6 
986-2928 ' 



8 7 - P - l 179 p o r p h y r i t i c L a t i t e / D a c i t e 

The r o c k c o n t a i n s p h e n o c r y s t s of p l a g i o c l a s e and l e s s e r b i . o . t i t e , 
q u a r t z and hornblende i n a groundmass of 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 
w i t h l e s s e r s e r i c i t e and much l e s s d o l o m i t e and q u a r t z . A l t e r a t i o n of 
p l a g i o c l a s e p h e n o c r y s t s i s s l i g h t t o moderate t o s e r i c i t e and l e s s e r 
d o l o m i t e . M a f i c p h e n o c r y s t s a r e a l t e r e d t o m u s c o v i t e - d o l o m i t e . 

p h e n o c r y s t s 
p l a g i o c l a s e 17-20% 
b i o t i t e 3- 4 
hor n b l e n d e 1 
q u a r t z 1 
T i - o x i d e 0.2 

groundmass 
p l a g i o c l a s e 50-55 
s e r i c i t e 17-20 
d o l o m i t e 4- 5 
q u a r t z 2- 3 

p l a g i o c l a s e forms 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 up t o 2 mm i n 
s i z e and c l u s t e r s of s i m i l a r p h e n o c r y s t s . C o m p o s i t i o n p r o b a b l y i s 
o l i g o c l a s e . A l t e r a t i o n i s v a r i a b l e from s l i g h t t o moderate t o 
e x t r e m e l y f i n e g r a i n e d s e r i c i t e and l e s s e r p a t c h e s of d o l o m i t e . 

B i o t i t e forms ragged t o s u b h e d r a l f l a k e s up t o 1.5 mm i n s i z e . 
I t i s a l t e r e d c o m p l e t e l y t o pseudomorphic m u s c o v i t e w i t h l e n s e s and 
p a t c h e s of d o l o m i t e and minor l e n s e s of T i - o x i d e p a r a l l e l t o c l e a v a g e . 

Q u a r t z forms a few a n h e d r a l p h e n o c r y s t s , commonly w i t h subrounded 
and s l i g h t l y embayed b o r d e r s . Most a r e from 0.1-0.3 mm i n s i z e , and 
one l a r g e one i s 2 mm l o n g . 

Hornblende forms 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 from 0.5-0.8 
mm i n s i z e . I t i s r e p l a c e d c o m p l e t e l y by d o l o m i t e w i t h l e s s e r 
s e r i c i t e and minor T i - o x i d e . 

T i - o x i d e forms s c a t t e r e d , equant p a t c h e s a v e r a g i n g 0.1-0.2 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 . 

i n t h e groundmass, p l a g i o c l a s e forms 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 0.03-0.1 mm i n s i z e . S e r i c i t e forms 
ragged f l a k e s and c l u s t e r s of f l a k e s a v e r a g i n g 0.05-0.1 mm i n l e n g t h . 
D o l o m i t e forms i r r e g u l a r p a t c h e s a v e r a g i n g 0.2-0.3 mm i n s i z e , and a 
few up t o 0.9 mm a c r o s s . Q u a r t z forms 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 
0.02-0.05 mm i n s i z e . A p a t i t e forms s u b h e d r a l p r i s m a t i c g r a i n s up t o 
0.12 mm l o n g . P y r i t e forms an e x t r e m e l y f i n e g r a i n e d l e n s i n one 
b i o t i t e f l a k e . I t a l s o o c c u r s i n some p a t c h e s of T i - o x i d e , p r o b a b l y 
as a replacement of T i - o x i d e or p a r e n t i l m e n i t e . 



8 7 - P - l 193.5 Colo r - B a n d e d P o r p h y r i t i c L a t i t e 

The r o c k c o n t a i n s p h e n o c r y s t s of p l a g i o c l a s e and minor b i o t i t e , 
q u a r t z , and horn b l e n d e i n a groundmass of p l a g i o c l a s e w i t h minor 
K - f e l d s p a r and q u a r t z , commonly c o n c e n t r a t e d i n l e n s e s , patches of 
a n k e r i t e and minor d i s s e m i n a t e d p y r i t e . C o l o r banding ( i n hand 
sample) from p a l e t o medium g r e y i s h green p r o b a b l y i s caused by 
v a r i a t i o n i n g r a i n s i z e of t h e groundmass, w i t h t h e d a r k e r c o l o r 
e x i s t i n g i n l a y e r s w i t h t he f i n e r g r a i n e d groundmass. 

p h e n o c r y s t s 
p l a g i o c l a s e 12-15% 
q u a r t z 1- 2 (more i n o f f c u t b l o c k than i n 
b i o t i t e 0.5 t h i n s e c t i o n ) 
h o r n b l e n d e 0.5 
a p a t i t e t r a c e 
T i - o x i d e t r a c e 

groundmass 
p l a g i o c l a s e 60-65 
K - f e l d s p a r 10-12 
q u a r t z 3- 4 
s e r i c i t e 4- 5 
d o l o m i t e 3- 4 
a p a t i t e 0.2 
p y r i t e 0.1 

p l a g i o c l a s e forms 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 from 0.7-1.5 
mm i n average s i z e . I t i s a l t e r e d s l i g h t l y t o l o c a l l y m o d e r a t e l y t o 
s e r i c i t e . Cores of many p h e n o c r y s t s a r e r e p l a c e d c o m p l e t e l y by 
p a t c h e s of e x t r e m e l y f i n e g r a i n e d k a o l i n i t e w i t h minor t o m o d e r a t e l y 
abundant d u s t y T i - o x i d e and/or h e m a t i t e . 

Q u a r t z forms a few equant t o e l o n g a t e p h e n o c r y s t s up t o 2 mm i n 
s i z e . I t i s more abundant i n t h e s t a i n e d o f f c u t b l o c k t h a n i n the 
t h i n * s e c t i o n . 

B i o t i t e forms a few s u b h e d r a l p h e n o c r y s t s up t o 1 mm i n s i z e . I t 
i s r e p l a c e d c o m p l e t e l y by m u s c o v i t e w i t h p a t c h e s of d o l o m i t e and 
d i s s e m i n a t e d e u h e d r a l g r a i n s of T i - o x i d e . 

Hornblende forms a few e u h e d r a l p h e n o c r y s t s i n c l u s t e r s up t o 1 
mm a c r o s s . I t i s a l t e r e d c o m p l e t e l y t o e x t r e m e l y f i n e g r a i n e d 
s e r i c i t e w i t h p a t c h e s of d o l o m i t e / a n k e r i t e , and d i s s e m i n a t e d , e u h e d r a l 
equant g r a i n s of T i - o x i d e and p r i s m a t i c a p a t i t e . 

A p a t i t e forms a few e l o n g a t e p r i s m a t i c p h e n o c r y s t s up t o 0.3 mm 
l o n g . T i - o x i d e forms equant p a t c h e s up t o 0.4 mm i n s i z e . 

The groundmass i s v a r i a b l e . At one end of the s e c t i o n , l a y e r s 
a r e dominated by e x t r e m e l y f i n e g r a i n e d (0.01-0.02 mm) p l a g i o c l a s e , 
w i t h m o d e r a t e l y abundant s e r i c i t e and i r r e g u l a r p a t c h e s of 
a n k e r i t e / d o l o m i t e . At the o t h e r end, t h e groundmass i s somewhat 
c o a r s e r g r a i n e d , c o n s i s t i n g of equant, s l i g h t l y t o s t r o n g l y 
i n t e r l o c k i n g p l a g i o c l a s e and K - f e l d s p a r g r a i n s a v e r a g i n g 0.07-0.15 mm 
i n s i z e , w i t h minor q u a r t z a v e r a g i n g 0.03-0.07 mm i n s i z e , 
p l a g i o c l a s e i s a l t e r e d s l i g h t l y t o m o d e r a t e l y t o s e r i c i t e , and 
d o l o m i t e forms i r r e g u l a r replacement p a t c h e s . Dusty h e m a t i t e i s 
common, and i s c o n c e n t r a t e d i n c e r t a i n g r a i n s . A p a t i t e forms 
s u b h e d r a l t o e u 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 0.03-0.07 mm i n 
l e n g t h . P y r i t e forms d i s s e m i n a t 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 0.03-0.15 mm i n s i z e . 

Q u a r t z i s c o n c e n t r a t e d i n a few pods and l e n s e s up t o 0.3 mm i n 
s i z e . These a r e ag g r e g a t e s of v e r y f i n e g r a i n s . A few of t h e s e 
p a t c h e s a l s o c o n t a i n d o l o m i t e and/or K - f e l d s p a r . 



8 7 - P - l 197.3 S i l i c e o u s D o l o m i t e w i t h Abundant v e i n s o f 
D o l o m i t e - Q u a r t z : P r o b a b l y A l t e r e d U l t r a m a f i c Rock 

The r o c k i s an 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 of q u a r t z and 
d o l o m i t e , w i t h w i s p y , c o n t o r t e d seams of carbonaceous opaque w i t h 
minor p y r i t e . I t i s c u t by v e r y abundant v e i n s of d o l o m i t e and/or 
q u a r t z o f a t l e a s t t h r e e ages. The o r i g i n a l r o c k type i s u n c e r t a i n 
because of t h e absence of c h r o m i t e . However, based on s i m i l a r i t i e s 
w i t h o t h e r samples, i t p r o b a b l y was an u l t r a m a f i c r o c k . 

q u a r t z 20-25% 
d o l o m i t e 30-35 
carbonaceous opaque 1 
p y r i t e 0.1 

. v e i n s 
d o l o m i t e 30-35 
q u a r t z 8-10 

The r o c k c o n s i s t s of e x t r e m e l y f i n e g r a i n e d (0.005-0.015 mm) 
c h e r t y q u a r t z i n t e r g r o w n w i t h f i n e r g r a i n e d (0.002-0.01 mm) d o l o m i t e . 
The r a t i o of t h e s e two m i n e r a l s v a r i e s m o d e r a t e l y , and i n p l a c e s i t 
appears t h a t q u a r t z - r i c h zones were r e p l a c e d by d o l o m i t e . 

The r o c k c o n t a i n s i r r e g u l a r , w i s p y , c o n t o r t e d seams up t o 0.05 mm 
wide dominated by carbonaceous opaque w i t h s c a t t e r e d a n h e d r a l g r a i n s 
of p y r i t e a v e r a g i n g 0.01 mm i n s i z e . P y r i t e l o c a l l y i s c o n c e n t r a t e d 
i n p a t c h e s of q u a r t z - r i c h r o c k up t o 0.8 mm a c r o s s as g r a i n s up t o 
0.02 mm i n s i z e . Elsewhere i t forms a n h e d r a l t o e u h e d r a l 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 0.01 mm i n s i z e . 

A_few s e t s of v e i n s range from l e s s than 0.02 t o over 2 mm i n 
w i d t h . These c o n s i s t of v a r i o u s c o m b i n a t i o n s of d o l o m i t e and q u a r t z . 
G r a i n s i z e i n the v e i n s ranges from e x t r e m e l y f i n e t o f i n e ( l o c a l l y up 
t o 0.8 mm). Many of t h e v e i n s a r e l e n s y and d i s c o n t i n u o u s on the 
s c a l e of t h e t h i n s e c t i o n . 

Some e a r l y - f o r m e d , banded, p o s s i b l y r e p l a c e m e n t v e i n s of 
c r y p t o c r y s t a l l i n e d o l o m i t e up t o 0.9 mm wide a r e c u t by v e i n s up t o 
0.4 mm wide of e x t r e m e l y f i n e g r a i n e d (0.01-0.02 mm) d o l o m i t e . 

The l a r g e s t v e i n zone c o n s i s t s of v e r y f i n e t o f i n e g r a i n e d 
d o l o m i t e w i t h much l e s s q u a r t z ; i t was s h e a r e d s t r o n g l y i n a banded 
zone, i n which d o l o m i t e was r e c r y s t a l l i z e d t o an e x t r e m e l y f i n e 
g r a i n e d g r a n u l a r a g g r e g a t e . 

One v e i n up t o 2 mm wide c o n s i s t s of f i n e g r a i n e d q u a r t z and 
d o l o m i t e i n v a r i a b l e but o v e r a l l about e q u a l amounts. I t has a 
c e n t e r - l i n e up t o 0.15 mm wide of e x t r e m e l y f i n e g r a i n e d d o l o m i t e . 



8 7 - P - l 223 B r e c c i a t e d D o l o m i t e w i t h M a r i p o s i t e ( C r - m i c a ) - R i c h 
Seams: p r o b a b l y Replacement o f u l t r a m a f i c Rock; Two 
U n i d e n t i f i e d S u l f i d e s 

The r o c k i s a f i n e t o medium g r a i n e d d o l o m i t e which was s t r o n g l y 
b r e c c i a t e d and g r a n u l a t e d . Seams r i c h i n m a r i p o s i t e (Cr-mica) and 
l e s s e r p y r i t e and carbonaceous opaque a r e common. The o r i g i n a l r o c k 
p r o b a b l y was u l t r a m a f i c , but no r e l i c c h r o m i t e i s p r e s e n t t o c o n f i r m 
t h i s h y p o t h e s i s . Two u n i d e n t i f i e d r e f l e c t i v e m i n e r a l s a r e p r e s e n t , 
one s i m i l a r t o c h a l c o p y r i t e but s t r o n g l y a n i s o t r o p i c ( p o s s i b l y 
c u b a n i t e ) , and the o t h e r w i t h no d i s t i n c t i v e p r o p e r t i e s , may be a 
s u l f i d e or s u l f o - s a l t . 

d o l o m i t e 80-85% 
m a r i p o s i t e 5- 7 
q u a r t z 3- 4 
M i n e r a l X 0.4 
M i n e r a l Y 0.1 
c a r b o n a c e o u s ( ? ) opaque 0.2 
T i - o x i d e t r a c e 
v e i n s 
d o l o m i t e - ( q u a r t z ) 4- 5 

D o l o m i t e forms p a t c h e s up t o a few mm a c r o s s of g r a i n s a v e r a g i n g 
0.2-0.5 mm i n s i z e . These a r e s t r a i n e d s t r o n g l y , and p a r t l y 
r e c r y s t a l l i z e d t o s u b g r a i n a g g r e g a t e s . They c u t by abundant f r a c t u r e s 
o f , and surrounded by e x t r e m e l y f i n e g r a i n e d d o l o m i t e , which was 
formed by g r a n u l a t i o n of the c o a r s e r g r a i n e d a g g r e g a t e . 

Q u a r t z forms e x t r e m e l y f i n e g r a i n e d p a t c h e s s c a t t e r e d through the 
r o c k . Many of t h e s e have a c h e r t t e x t u r e , 

A few c o a r s e r g r a i n e d p a t c h e s and v e i n s c o n s i s t of f i n e t o v e r y 
f i n e g r a i n e d d o l o m i t e i n t e r g r o w n w i t h minor t o m o d e r a t e l y abundant 
v e r y f i n e g r a i n e d , s u b h e d r a l q u a r t z . 

M a r i p o s i t e forms 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 c o n c e n t r a t e d 
i n m o d e r a t e l y c r e n u l a t e d seams up t o 0.4 mm wide. I t i s p a l e green i n 
c o l o r , w i t h o p t i c a l and t e x t u r a l p r o p e r t i e s s i m i l a r t o t h o s e of 
s e r i c i t e . A s s o c i a t e d w i t h m a r i p o s i t e a r e seams of d u s t y opaque 
(carbonaceous?) and s c a t t e r e d p atches up t o 0.1 mm i n s i z e of 
T i - o x i d e . 

M i n e r a l X forms l e n s e s up t o 0.2 mm i n l e n g t h of 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 . i n some p a t c h e s i t i s i n t e r g r o w n 
c o a r s e l y w i t h M i n e r a l Y. M i n e r a l X i s l i g h t y e l l o w i n c o l o r , w i t h low 
h a r d n e s s , m o d e r a t e l y h i g h r e f l e c t i v i t y and s t r o n g a n i s o t r o p i s m . The 
m i n e r a l which b e s t f i t s t h e s e p r o p e r t i e s i s c u b a n i t e 

M i n e r a l Y o c c u r s w i t h M i n e r a l X as d e s c r i b e d above, and a l s o i s 
t h e major r e f l e c t i v e m i n e r a l i n one p a t c h of c o a r s e r 
d o l o m i t e - ( q u a r t z ) , i n which i t forms one equant g r a i n 0.13 mm a c r o s s 
and s e v e r a l much s m a l l e r ones. I t i s l i g h t g r e y i n c o l o r w i t h 
moderate r e f l e c t i v i t y , i s o t r o p i c n a t u r e , and low h a r d n e s s . S e v e r a l 
s u l f i d e s and s u l f o - s a l t s have t h e s e p r o p e r t i e s . 

The e l e m e n t a l components of t h e s e m i n e r a l s c o u l d be determined 
u s i n g the e l e c t r o n m i c r o s c o p e . 



8 7 - P - l 287 C h e r t c u t by V e i n s o f D o l o m i t e and Q u a r t z , w i t h Seams 
and P a t c h e s o f Carbonaceous Opaque and o f p y r i t e , 
one P l a g i o c l a s e - r i c h Lens 

The r o c k c o n t a i n s two main t y p e s of c h e r t , which a r e r e p l a c e d 
l a r g e l y by p a t c h e s and v e i n s of d o l o m i t e and q u a r t z . The r o c k i s c u t 
by seams up t o as few mm wide dominated by s e r i c i t e , carbonaceous 
opaque and c h e r t y q u a r t z . P l a g i o c l a s e i s c o n c e n t r a t e d i n one l e n s up 
t o 1.5 mm wide. P y r i t e and carbonaceous opaque form d i s s e m i n a t e d 
p a t c h e s • 

c h e r t 25-30% 
q u a r t z 20-25 
d o l o m i t e 30-35 
s e r i c i t e 7- 8 
p l a g i o c l a s e 2- 3 
carbonaceous opaque 3- 4 
p y r i t e 0.5 
c h a l c o p y r i t e t r a c e 

Much of the o r i g i n a l r o c k c o n s i s t e d of e x t r e m e l y f i n e g r a i n e d , 
m a s s i v e c h e r t w i t h g r a i n s i z e from 0.003-0.01 mm. i t i s s t r o n g l y 
r e p l a c e d and c u t by c o a r s e r g r a i n e d q u a r t z and d o l o m i t e p a t c h e s and 
v e i n s , r e s p e c t i v e l y . Replacement q u a r t z i s up t o 0.5 mm i n s i z e , and 
c o n t a i n s abundant d u s t y opaque i n c l u s i o n s . D o l o m i t e i s m a i n l y v e r y 
f i n e t o e x t r e m e l y f i n e g r a i n e d . 

At one end of the s e c t i o n , c h e r t i s c r y p t o c r y s t a l l i n e 
(0.002-0.005 mm), and shows a prominent f o l i a t i o n marked by d u s t y 
seams of carbonaceous opaque. I t i s c u t by abundant e a r l y v e i n s of 
e x t r e m e l y f i n e g r a i n e d d o l o m i t e from 0.02-0.3 mm i n w i d t h , and some 
l a t e r v e i n s of v e r y f i n e t o f i n e g r a i n e d d o l o m i t e a v e r a g i n g 0.1-0.4 mm 
wide. The pink-brown m i n e r a l i n hand sample i s d o l o m i t e . 

The r o c k i s c u t by i r r e g u l a r , i n p a r t c r e n u l a t e d seams up t o a 
few mm wide dominated by e x t r e m e l y f i n e g r a i n e d s e r i c i t e mixed w i t h 
d u s t y t o v e r y f i n e g r a i n e d carbonaceous opaque and l e s s e r q u a r t z . 
Other seams and v e i n l i k e zones a r e dominated by v e r y f i n e g r a i n e d 
d o l o m i t e , some c o n t a i n minor g r a i n s of p y r i t e and o f c h a l c o p y r i t e up 
t o 0.03 mm i n 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 d i s s e m i n a t e d p a t c h e s up t o 0.6 mm 
a c r o s s , commonly surrounded by and i n t e r g r o w n w i t h q u a r t z . P y r i t e 
forms 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 0.02-0.1 mm i n s i z e . 
Q u a r t z commonly i s 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 of c o a r s e r 
p y r i t e g r a i n s . C h a l c o p y r i t e forms d i s s e m i n a t e d g r a i n s up t o 0.03 mm 
i n s i z e i n d o l o m i t e and q u a r t z a g g r e g a t e s . 

One l a r g e p a t c h up t o 3 mm a c r o s s and a few s m a l l e r ones c o n s i s t 
of v e r y f i n e t o e x t r e m e l y f i n e g r a i n e d carbonaceous opaque. Along 
b o r d e r s of t h e l a r g e p a t c h and i n t h e s m a l l e r p a t c h e s opaque g r a i n s 
a r e i n t e r g r o w n w i t h and surrounded by d o l o m i t e and q u a r t z . 
Carbonaceous opaque a l s o forms d i s s e m i n a t e d p a t c h e s up t o 0.2 mm i n 
s i z e away from t h e main c l u s t e r s . 

A l e n s up t o 2 mm wide and 3 mm l o n g c o n t a i n s abundant a n h e d r a l 
equant p l a g i o c l a s e 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 . i n t e r g r o w n 
w i t h p l a g i o c l a s e i s minor i n t e r s t i t i a l q u a r t z . The l e n s i s b r e c c i a t e d 
and r e p l a c e d s l i g h t l y t o m o d e r a t e l y by d o l o m i t e , w i t h l e s s e r s e r i c i t e 
and carbonaceous opaque. Another l e n s up t o 2 mm l o n g c o n s i s t s of 
v e r y f i n e g r a i n e d p r i s m a t i c t o l a t h y p l a g i o c l a s e from 0.05-0.15 mm 
l o n g i n a groundmass of a n h e d r a l , equant p l a g i o c l a s e a v e r a g i n g 
0.002-0.005 mm i n s i z e , w i t h abundant d u s t y T i - o x i d e c o n c e n t r a t e d i n 
i n t e r s t i t i a l seams. 



8 7 - P - l 288 C h e r t R e p l a c e d by Q u a r t z - D o l o m i t e , Cut by Seams of 
S e r i c i t e - O p a q u e - ( Q u a r t z ) c o n t a i n i n g Lenses of A n d e s i t e ; 
V e i n s o f D o l o m i t e - ( K a o l i n i t e ) 

The sample i s s i m i l a r t o Sample 8 7 - P - l 287. Chert i s r e p l a c e d 
s t r o n g l y by q u a r t z and l e s s e r d o l o m i t e p a t c h e s . The r o c k c o n t a i n s 
seams of s e r i c i t e - o p a q u e , a s s o c i a t e d w i t h which a r e l e n s e s of a n d e s i t e 
dominated by p l a g i o c l a s e , and v e i n s of d o l o m i t e . A few l a t e v e i n s a r e 
of d o l o m i t e - ( k a o l i n i t e ) . 

c h e r t 12-15% 
q u a r t z 50-55 
d o l o m i t e 20-25 
s e r i c i t e 5- 7 
carbonaceous opaque 1- 2 
p l a g i o c l a s e 3- 4 ( a n d e s i t e ) 
T i - o x i d e minor 
p y r i t e minor 
c h a l c o p y r i t e t r a c e 
v e i n s 
d o l o m i t e - k a o l i n i t e 0.5 

C h e r t forms r e l i c p a t c h e s up t o 2 mm a c r o s s . These c o n t a i n zones 
a v e r a g i n g 0.002-0.005 mm i n g r a i n s i z e , which grade upwards i n s i z e t o 
l e s s abundant p a t c h 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 . D olomite 
forms v e i n l e t s and r e p l a cement p a t c h e s i n c h e r t . C h e r t i s r e p l a c e d 
i n l a r g e p a t c h e s by f i n e t o medium g r a i n e d q u a r t z w i t h l e s s e r 
d o l o m i t e . Q u a r t z shows s t r a i n e d e x t i n c t i o n and c o n t a i n s m o d e r a t e l y 
abundant d u s t y opaque. 

The r o c k i s c u t by seams up t o a few mm a c r o s s 
c o n t a i n i n g seams of s e r i c i t e - c a r b o n a c e o u s o p a q u e - q u a r t z , l e n s e s of 
p l a g i o c l a s e - r i c h a n d e s i t e , subrounded fragments of c h e r t , and v e i n l i k e 
zones of d o l o m i t e . P l a g i o c l a s e - r i c h l e n s e s c o n t a i n p r i s m a t i c 
p h e n o c r y s t s up t o 0.2 mm l o n g i n a s p a r s e t o abundant groundmass of 
e x t r e m e l y f i n e g r a i n e d p l a g i o c l a s e w i t h l o c a l l y minor t o 
m o d e r a t e l y abundant d o l o m i t e , s e r i c i t e , and carbonaceous opaque. 

D o l o m i t e forms seams of v e r y f i n e t o e x t r e m e l y f i n e g r a i n s i z e 
p a r a l l e l t o and p o s s i b l y i n p a r t r e p l a c i n g s e r i c i t e - r i c h seams. 

p y r i t e forms d i s s e m i n a t e d g r a i n s up t o 0.07 mm i n s i z e , m a i n l y 
c o n c e n t r a t e d i n s e r i c i t e - r i c h seams. C h a l c o p y r i t e forms 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 0.02-0.03 mm i n s i z e , w i t h a few up t o 0.1 mm l o n g . 

The r o c k i s c u t r o u g h l y p e r p e n d i c u l a r t o f o l i a t i o n by v e i n s up t o 
0.2 mm wide dominated by v e r y f i n e g r a i n e d d o l o m i t e , w i t h a few 
p a t c h e s up t o 0.2 mm a c r o s s of e x t r e m e l y f i n e g r a i n e d k a o l i n i t e . Some 
d o l o m i t e v e i n s c u t t i n g q u a r t z a r e t r u n c a t e d a g a i n s t seams of s e r i c i t e / 
c arbonaceous opaque. 



8 7 - P - l 301.5 A n d e s i t e F l o w , R e p l a c e d by D o l o m i t e , w i t h Lenses of 
D o l o m i t e and o f Q u a r t z - ( D o l o m i t e ) 

The r o c k i s a v e r y f i n e g r a i n e d a n d e s i t e f l o w dominated by l a t h y 
p l a g i o c l a s e i n a groundmass of e x t r e m e l y f i n e g r a i n e d p l a g i o c l a s e w i t h 
l e s s e r c h l o r i t e , d o l o m i t e , and T i - o x i d e . P y r i t e i s c o n c e n t r a t e d i n 
w i s p y , c o n t o r t e d seams and p a t c h e s . The r o c k i s r e p l a c e d by d o l o m i t e ; 
where rep l a c e m e n t i s s t r o n g , t h e c o l o r of the r o c k i s l i g h t grey. The 
r o c k c o n t a i n s replacement l e n s e s ( v e i n l e t s ) of d o l o m i t e and of 
q u a r t z - ( d o l o m i t e ) . 

p l a g i o c l a s e 50-55% 
c h l o r i t e 5- 7 
T i - o x i d e 0.5 
p y r i t e 1- 2 
c h a l c o p y r i t e t r a c e 
d o l o m i t e 30-35 
q u a r t z 4- 5 

P l a g i o c l a s e forms u n o r i e n t e d , l a t h y g r a i n s from 0.1-0.3 mm i n 
l e n g t h . Some a r e s l i g h t l y warped, and a few a r e r e p l a c e d by q u a r t z . 

The groundmass i s e x t r e m e l y f i n e g r a i n e d (0.002-0.01 mm), and 
c o n s i s t s of p l a g i o c l a s e , d o l o m i t e , c h l o r i t e , and minor T i - o x i d e . 
C h l o r i t e forms c l u s t e r s of c o l o r l e s s f l a k e s w i t h low b i r e f r i n g e n c e . 
D o l o m i t e forms i r r e g u l a r r eplacement p a t c h e s t h r o u g h o u t the r o c k . 
Where d o l o m i t e replacement i s s t r o n g , c h l o r i t e i s r e p l a c e d c o m p l e t e l y , 
and t h e r o c k has a p a l e g r e y c o l o r . The o u t l i n e s of zones of s t r o n g 
d o l o m i t e r e p l a c e m e n t a r e s h a r p i n the hand sample, but much l e s s 
o b v i o u s i n t h i n s e c t i o n . T i - o x i d e forms 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 
0.005-0.01 mm i n 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 w i s p y , i n p a r t s t r o n g l y c o n t o r t e d seams 
a v e r a g i n g 0.05-0.1 mm i n w i d t h . One p a t c h up t o a few mm a c r o s s 
c o n t a i n s v e r y abundant p y r i t e , m a i n l y as 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 0.02-0.04 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 . 

C h a l c o p y r i t e forms a v e r y few 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 , m a i n l y a s s o c i a t e d w i t h d o l o m i t e . 

D o l o m i t e forms re p l a c e m e n t l e n s e s up t o 1.5 mm wide of 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 . Q u a r t z forms a few l e n s e s up t o 1 mm wide of v e r y 
f i n e t o f i n e g r a i n e d a g g r e g a t e s , commonly p a r t l y r e p l a c e d by d o l o m i t e 
and c u t by v e i n l e t s of d o l o m i t e . 



8 7 - P - l 399 A n d e s i t e T u f f w i t h D o l o m i t e A l t e r a t i o n and 
D o l o m i t e - C a l c i t e v e i n s 

The r o c k c o n t a i n s fragments of p l a g i o c l a s e p h e n o c r y s t s , a n d e s i t e 
f l o w , c h l o r i t e - ( o p a q u e ) , l e u c o x e n e , and minor a n d e s i t e t u f f i n a 
groundmass of e x t r e m e l y f i n e g r a i n e d d o l o m i t e . i t i s c u t by 
d i s c o n t i n u o u s v e i n s up t o 1 mm wide of d o l o m i t e and/or c a l c i t e . 

f r a g m e n t s 
p l a g i o c l a s e 10-12% 
a n d e s i t e f l o w 25-30 
a n d e s i t e t u f f minor 
c h l o r i t e - r i c h 2- 3 
c h l o r i t e - ( o p a c f u e ) 1- 2 
l e u c o x e n e 1 

groundmass 
d o l o m i t e 40-45 
p y r i t e 1 

v e i n s 
d o l o m i t e 7- 8 
c a l c i t e 2- 3 
q u a r t z 0.1 

p l a g i o c l a s e p h e n o c r y s t s and c r y s t a l fragments average 0.3-0.5 mm 
i n s i z e , w i t h a few up t o 1 mm l o n g . Some a r e r e l a t i v e l y f r e s h , and 
o t h e r s a r e a l t e r e d s l i g h t l y t o m o d e r a t e l y t o d o l o m i t e . A few are 
a l t e r e d m o d e r a t e l y t o s e r i c i t e . D o l o m i t e v e i n l e t s a r e common i n 
l a r g e r p h e n o c r y s t s . 

Fragments of a n d e s i t e f l o w s a r e from 0.3-0.7 mm i n s i z e . They 
a r e c h a r a c t e r i z e d by an e x t r e m e l y f i n e g r a i n e d groundmass of 
p l a g i o c l a s e and c h l o r i t e w i t h minor T i - o x i d e . Many c o n t a i n 
p h e n o c r y s t s of p l a g i o c l a s e from 0.1-0.3 mm i n s i z e . A few a r e 
dominated by v e r y f i n e g r a i n e d p r i s m a t i c p l a g i o c l a s e . 

S e v e r a l fragments up t o 1 mm l o n g a r e dominated by e x t r e m e l y f i n e 
g r a i n e d c h l o r i t e . Other fragments up t o 0.2 mm a c r o s s c o n s i s t of 
c h l o r i t e and m o d e r a t e l y abundant T i - o x i d e ; t h e s e p r o b a b l y a r e 
s e c o n d a r y a f t e r h o r n b l e n d e . 

Leucoxene forms a n h e d r a l p a t c h e s up t o 0.3 mm i n s i z e . 
p y r i t e forms a few c l u s t e r s a v e r a g i n g 0.2-0.3 mm a c r o s s of 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 . One much l a r g e r c l u s t e r up t o 1.7 mm 
l o n g and 0.8 mm wide c o n t a i n s abundant a n h e d r a l t o s u b h e d r a l p y r i t e 
g r a i n s and fragments surrounded by groundmass d o l o m i t e . 

The o r i g i n a l groundmass and p a r t s of many of t h e fragments are 
r e p l a c e d by a groundmass of e x t r e m e l y f i n e g r a i n e d d o l o m i t e . 

The r o c k i s c u t by numerous v e i n s and v e i n l e t s of c a r b o n a t e . 
Most of t h e s e a r e d i s c o n t i n u o u s on t h e s c a l e of the t h i n s e c t i o n . 
Many show t e x t u r e s s u g g e s t i v e of shear d e f o r m a t i o n a f t e r v e i n 
emplacement, v e i n s range from d o l o m i t e - r i c h (commonly s t r o n g l y 
sheared) t o c a l c i t e r i c h ( g e n e r a l l y c o a r s e r g r a i n e d and l e s s s t r o n g l y 
sheared) • One c a l c i t e - r i c h v e i n c o n t a i n s a few p a t c h e s of v e r y f i n e 
g r a i n e d q u a r t z . 

A few l a t e seams of c a l c i t e up t o 0.03 mm wide a r e 
p o s t - d e f o r m a t i o n . 



8 7 - P - l 462 A n d e s i t e T u f f a c e o u s Sediment c u t by v e i n l e t s o f 
C h l o r i t e - C a l c i t e 

The r o c k c o n t a i n s a n g u l a r fragments of p l a g i o c l a s e i n an 
a p h a n i t i c groundmass p r o b a b l y of a n d e s i t i c c o m p o s i t i o n , and c o n t a i n i n g 
d u s t y brown t o opaque m a t e r i a l which g i v e s t h e r o c k i t s b l a c k c o l o r . 
I t i s c u t by v e i n s and v e i n l e t s dominated by c h l o r i t e and o t h e r s 
dominated by c a l c i t e . P y r i t e form l e n s e s w i t h f r a m b o i d a l t e x t u r e s . 

fragments 
p l a g i o c l a s e 20-25% 
q u a r t z 0.5 
s i l i c a ( c h e r t ) 0.3 
v o l c a n i c g l a s s (?) minor 

groundmass 
p l a g i o c l a s e - ( c h l o r i t e ) ( ? ) 60-65 
brown semiopaque/opaque 5- 7 
p y r i t e 0.3 
c h a l c o p y r i t e minor 
T i - o x i d e minor 

v e i n s 
c h l o r i t e - c a l c i t e 4- 5 

p l a g i o c l a s e forms a n g u l a r fragments a v e r a g i n g 0.02-0.03 mm i n 
s i z e . These most p r o b a b l y a r e fragments of p h e n o c r y s t s from an 
a n d e s i t i c s o u r c e . A few l e n s e s c o n t a i n much more abundant fragments 
a v e r a g i n g 0.03-0.08 mm i n s i z e . As w e l l as p l a g i o c l a s e , t h e s e l e n s e s 
c o n t a i n fragments of brown v o l c a n i c g l a s s ( ? ) , c h e r t , and q u a r t z 
g r a i n s . Elsewhere i n the r o c k q u a r t z forms s c a t t e r e d equant fragments 
a v e r a g i n g 0.02-0.03 mm i n s i z e . 

The fragments are s e t i n a groundmass of u n c e r t a i n c o m p o s i t i o n 
(because of i t s g r a i n s i z e [0.001-0.005 mm]), p r o b a b l y dominated by 
p l a g i o c l a s e and l e s s e r c h l o r i t e . Brown semiopaque/opaque forms d u s t y 
d i s s e m i n a t i o n s of v a r y i n g i n t e n s i t y , and i s m o d e r a t e l y c o n c e n t r a t e d i n 
l e n s y p a t c h e s and l e n s e s i n p a r t s o f the s e c t i o n . L o c a l l y i t forms 
dense p a t c h e s up t o 0.3 mm i n l e n g t h . 

The r o c k c o n t a i n s an u n u s u a l J-shaped l e n s 1 mm l o n g and 0.12 mm 
wide of e x t r e m e l y f i n e g r a i n e d s i l i c a . 

P y r i t e forms 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 0.005-0.01 mm i n s i z e . 
A few l e n s e s from 0.2-0.4 mm l o n g , and one i r r e g u l a r v e i n l i k e zone 
up t o 1.2 mm l o n g c o n t a i n f r a m b o i d a l p y r i t e a g g r e g a t e s r a n g i n g i n 
d i a m e t e r from 0.001-0.008 mm. A few p a t c h e s up t o 0.06 mm a c r o s s 
c o n t a i n s u b h e d r a l c u b i c p y r i t e g r a i n s 0.008 mm i n s i z e i n a s p a r s e 
groundmass• 

C h a l c o p y r i t e forms 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 0.01-0.02 mm i n 
s i z e , b o t h i n the r o c k and i n t h e v e i n s . 

T i - o x i d e forms a few equant g r a i n s a v e r a g i n g 0.02 mm a c r o s s . 

The r o c k i s c u t by v e i n s up t o 0.8 mm wide of v e r y f i n e t o 
e x t r e m e l y f i n e g r a i n e d c h l o r i t e w i t h minor t o m o d e r a t e l y abundant 
p a t c h e s of v e r y f i n e g r a i n e d c a l c i t e . Other v e i n s a r e dominated by 
c a l c i t e ; t h e s e are m a i n l y l e s s than 0.2 mm wide, but l o c a l l y widen 
r a p i d l y t o 0.8 mm ( a t t h e edge of the s e c t i o n ) . 

No e v i d e n c e was seen t o s u g g e s t t h a t t h e rock was h o r n f e l s e d . 



8 7 - P - l 492.3 Bedded A n d e s i t e T u f f c u t by C a l c i t e - ( C h l o r i t e - Q u a r t z -
p y r i t e ) V e i n and C a l c i t e V e i n l e t s 

The r o c k c o n t a i n s t h r e e main beds of a n d e s i t e t u f f , r a n g i n g from 
e x t r e m e l y f i n e t o f i n e g r a i n e d . The c e n t r a l l a y e r shows w e l l 
d e v e l o ped graded b e d d i n g . The r o c k i s c u t by a v e i n of c a l c i t e w i t h 
l e s s e r c h l o r i t e and much l e s s q u a r t z and p y r i t e , and s e v e r a l 
v e i n l e t s of c a l c i t e . 

c o a r s e l a y e r (fragments average 0.3-1 mm i n s i z e ) 

fragments 
p l a g i o c l a s e 15-20% 
a n d e s i t e / l a t i t e 15-20 
s e r i c i t e - a l t e r e d a n d e s i t e ? 10-12 
c a r b o n a t e - a l t e r e d a n d e s i t e 5- 7 
c h l o r i t e 3- 4 
c a l c i t e 2- 3 

groundmass 
p l a g i o c l a s e - c h l o r i t e 20-25 
d u s t y opaque 2- 3 

p l a g i o c l a s e g r a i n s a r e p h e n o c r y s t s from a n d e s i t e f l o w s . 
A l t e r a t i o n i s v a r i a b l e , w i t h most g r a i n s a l t e r e d s l i g h t l y t o s e r i c i t e 
and/or c a l c i t e . 

A n d e s i t e fragments a r e of s e v e r a l t y p e s . Many have p l a g i o c l a s e 
p h e n o c r y s t s i n an e x t r e m e l y f i n e g r a i n e d groundmass of p l a g i o c l a s e and 
much l e s s c h l o r i t e and opaque. In some f r a g m e n t s , groundmass 
p l a g i o c l a s e i s w e l l o r i e n t e d . G r a i n s i z e of the groundmass ranges 
from e x t r e m e l y f i n e t o v e r y f i n e , and t e x t u r e s range from s u b h e d r a l t o 
m o d e r a t e l y i n t e r l o c k i n g , some a n d e s i t e fragments a r e a l t e r e d 
m o d e r a t e l y t o c a l c i t e , and o t h e r s a r e r e p l a c e d s t r o n g l y t o c o m p l e t e l y 
by s e r i c i t e o r c a r b o n a t e . From the s t a i n e d o f f c u t b l o c k , s e v e r a l 
f ragments a r e seen t o c o n t a i n K - f e l d s p a r . T h i s m i n e r a l was not 
i d e n t i f i e d i n t h i n s e c t i o n . i t s p r e s e n c e i n d i c a t e s t h a t some of the 
v o l c a n i c fragments a r e of l a t i t e c o m p o s i t i o n . 

A few fragments up t o 1.7 mm i n s i z e a r e dominated by e x t r e m e l y 
f i n e g r a i n e d c h l o r i t e . The l a r g e s t c o n t a i n p a t c h e s up t o 0.7 mm i n 
s i z e of s l i g h t l y c o a r s e r g r a i n s i z e and which c o n t a i n minor t o 
abundant p y r i t e i n c l u s i o n s ; t h e s e may r e p r e s e n t o r i g i n a l m a f i c 
p h e n o c r y s t s . They a r e surrounded by f i n e r g r a i n e d c h l o r i t e . 

A few fragments up t o 1 mm a c r o s s a r e of s i n g l e g r a i n s of 
c a l c i t e / d o l o m i t e . 

The groundmass i s too f i n e t o i d e n t i f y o p t i c a l l y . I t p r o b a b l y i s 
dominated by p l a g i o c l a s e and l e s s e r c h l o r i t e , w i t h m o d e r a t e l y abundant 
d u s t y opaque. 

P y r i t e o c c u r s i n s e v e r a l fragments as 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 s and a g g r e g a t e s , and forms a few p a t c h e s of even f i n e r 
g r a i n s i n the groundmass. I t i s c o n c e n t r a t e d i n one p a t c h 1 mm l o n g 
as a n h e d r a l g r a i n s and a g g r e g a t e s of g r a i n s from 0.01-0.03 mm i n s i z e . 

( c o n t i n u e d ) 
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c e n t r a l l a y e r 

G r a i n s a r e m a i n l y of p l a g i o c l a s e c o m p o s i t i o n , w i t h a few of 
m u s c o v i t e , c h l o r i t e , T i - o x i d e and of a p a t i t e . Except a t the bottom of 
t h e l a y e r , g r a i n s a r e v e r y a n g u l a r . G r a i n s i z e ranges from an average 
of 0.1-0.3 mm a t t h e base of the l a y e r r a p i d l y t o 0.05-0.1 mm, and 
t h e n g r a d a t i o n a l l y t o 0.01-0.03 mm near the t o p . P l a g i o c l a s e i s f r e s h 
t o s l i g h t l y a l t e r e d t o s e r i c i t e and/or c a l c i t e . P y r i t e forms 
m o d e r a t e l y abundant d i s s e m i n a t e d g r a i n s i n the m i d d l e of the l a y e r . 
The groundmass i s a p h a n i t i c and p r o b a b l y composed of p l a g i o c l a s e and 
c h l o r i t e . C a l c i t e forms minor t o m o d e r a t e l y abundant i r r e g u l a r 
r e p l a c e m e n t p a t c h e s up t o 0.1 mm i n s i z e . Dusty opaque i s 
c o n c e n t r a t e d i n a few w i spy p a t c h e s . 

f i n e s t l a y e r 

T h i s l a y e r i s s l i g h t l y banded w i t h minor g r a d a t i o n i n g r a i n s i z e 
between s u b l a y e r s . A n g u l a r fragments dominated by p l a g i o c l a s e 
a verage 0.03-0.07 mm i n s i z e , w i t h a few g r a i n s over 0.1 mm l o n g i n 
t h e c o a r s e r g r a i n e d s u b l a y e r s . S e r i c i t e forms a few p a t c h e s up t o 0.2 
mm i n s i z e j t h e i r o r i g i n i s u n c e r t a i n . The groundmass c o n s i s t s of 
p l a g i o c l a s e and c h l o r i t e w i t h m o d e r a t e l y abundant d u s t y brown 
semiopaque/opaque, and w i t h minor t o m o d e r a t e l y abundant replacement 
p a t c h e s up t o 0.1 mm i n s i z e of c a l c i t e . P y r i t e forms s c a t t e r e d 
f r a m b o i d a l c l u s t e r s and seams p a r a l l e l t o f o l i a t i o n . 

The r o c k i s c u t by s e v e r a l d i s c o n t i n u o u s v e i n l e t s from 0.02-0.15 
mm i n w i d t h of e x t r e m e l y f i n e g r a i n e d c a l c i t e w i t h s c a t t e r e d g r a i n s 
and c l u s t e r s of p y r i t e up t o 0.05 mm a c r o s s . 

The l a r g e s t v e i n i s m a i n l y i n t h e c o a r s e s t g r a i n e d l a y e r where i t 
a v e r a g e s 0.8 mm wide. I t i s dominated by 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 c a l c i t e , w i t h a c o r e zone c o n t a i n i n g abundant v e r y f i n e 
g r a i n e d c h l o r i t e and l e s s e r p a t c h e s of v e r y f i n e t o e x t r e m e l y f i n e 
g r a i n e d q u a r t z . P y r i t e forms s e v e r a l c l u s t e r s of s u b h e d r a l g r a i n s 
a v e r a g i n g 0.03-0.07 mm i n s i z e . One c o n t a i n s an i n c l u s i o n of 
c h a l c o p y r i t e 0.015 mm l o n g . The v e i n narrows r a p i d l y i n the next bed, 
b r e a k i n g i n t o two b r a i d e d , somewhat d i f f u s e v e i n l e t s of c a l c i t e . 



87-P-2 58.5 M e t a - d a c i t e (?) w i t h Q u a r t z - A l b i t e - S e r i c i t e - A n k e r i t e 
P y r i t e A l t e r a t i o n and Q u a r t z - ( D o l o m i t e ) v e i n s 

The r o c k was s t r o n g l y r e p l a c e d and deformed; as a r e s u l t i t i s 
u n c e r t a i n what i f any of the p r e s e n t t e x t u r e s and m i n e r a l s a r e 
o r i g i n a l . Thus t h e o r i g i n of t h e r o c k i s u n c e r t a i n . i t c o n t a i n s 
seams r i c h i n 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 p y r i t e - ( c h a l c o p y r i t e ) , 
and l a y e r s and p a t c h e s dominated by c o a r s e r g r a i n e d , g e n e r a l l y 
s t r o n g l y s t r a i n e d q u a r t z and l e s s e r a l b i t e and a n k e r i t e . L a t e v e i n s 
a r e of q u a r t z and minor d o l o m i t e . 

q u a r t z 50-55% 
a l b i t e 12-15 
s e r i c i t e 8-10 
a n k e r i t e - ( d o l o m i t e ) 12-15 
p y r i t e 1- 2 
c h a l c o p y r i t e minor 
T i - o x i d e 0.2 
v e i n s 
q u a r t z 5- 7 
d o l o m i t e 1 

Q u a r t z i s most abundant as c o a r s e g r a i n e d replacement p a t c h e s . 
These were s t r o n g l y s t r a i n e d and p a r t l y r e c r y s t a l l i z e d t o v e r y 
i r r e g u l a r s u b g r a i n a g g r e g a t e s . some of t h e s u b g r a i n a g g r e g a t e s have a 
prominent f o l i a t i o n , i n d i c a t i n g a h i g h degree of s h e a r i n g . Quartz 
a l s o forms 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 patches i n t e r g r o w n w i t h 
s e r i c i t e and a n k e r i t e . 

A l b i t e forms a n h e d r a l g r a i n s a v e r a g i n g 0.2-0.7 mm i n s i z e . I t i s 
s t r a i n e d s l i g h t l y , and a l b i t e t w i n s commonly are d i s c o n t i n u o u s and 
s l i g h t l y warped. G r a i n s a r e f r e s h . E x c e p t f o r the p r e s e n c e of a l b i t e 
t w i n s , a l b i t e i s o p t i c a l l y a lmost i d e n t i c a l t o q u a r t z . 

A n k e r i t e forms 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 p a t c h e s 
i n t e r g r o w n i r r e g u l a r l y w i t h f i n e r g r a i n e d , r e c r y s t a l l i z e d q u a r t z . 
Some of t h e s e have s u b h e d r a l , rhombic o u t l i n e s . A n k e r i t e i s 
c h a r a c t e r i z e d by v e r y h i g h r e l i e f . D o l o m i t e forms c o a r s e r g r a i n e d 
p a t c h e s up t o 1 mm a c r o s s w i t h g r a i n s up t o 0.2 mm i n s i z e . I t i s 
t e n t a t i v e l y d i s t i n g u i s h e d from a n k e r i t e by lower r e l i e f . 

S e r i c 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 seams up t o a few mm wide, 
i n t h e s e i t i s i n t e r g r o w n w i t h l e n s e s and p a t c h e s of e x t r e m e l y t o v e r y 
f i n e g r a i n e d q u a r t z and v e r y f i n e g r a i n e d a l b i t e , and p a t c h e s and 
l e n s e s o f d o l o m i t e / a n k e r i t e . Carbonaceous opaque i s c o n c e n t r a t e d i n 
w i s p y seams and l e n s e s . 

P y r i t e forms e u h e d r a l c u b i c 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 s s o c i a t e d w i t h s e r i c i t e and e x t r e m e l y f i n e g r a i n e d q u a r t z , and l e s s 
commonly w i t h d o l o m i t e . F i n e r g r a i n e d , a n h e d r a l p y r i t e forms 
i r r e g u l a r p a t c h e s and l e n s e s a s s o c i a t e d w i t h s e r i c i t e , and p o s s i b l y 
a s s o c i a t e d w i t h carbonaceous opaque. A few p a t c h e s up t o 1.5 mm 
a c r o s s c o n t a i n abundant e x t r e m e l y f i n e t o v e r y f i n e a n h e d r a l t o 
e u h e d r a l g r a i n s of p y r i t e . A few l a r g e r p y r i t e g r a i n s c o n t a i n an 
i n c l u s i o n up t o 0.02 mm a c r o s s of c h a l c o p y r i t e . 

T i - o x i d e forms a few equant g r a i n s up t o 0.05 mm i n s i z e , and 
a g g r e g a t e s o f much f i n e r , a n h e d r a l g r a i n s , m a i n l y a s s o c i a t e d w i t h 
. s e r i c i t e . I t i s c o n c e n t r a t e d i n a few l e n s e s up t o 0.4 mm l o n g 
a s s o c i a t e d w i t h s e r i c i t e - r i c h seams. 

C h a l c o p y r i t e forms d i s s e m i n a t e d g r a i n s up t o 0.1 mm i n s i z e , 
commonly a s s o c i a t e d w i t h p y r i t e . 

The r o c k i s c u t by a few, l a t e , s u b p a r a l l e l v e i n s up t o 0.8 mm 
wide of 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 and minor t o m o d e r a t e l y 
abundant d o l o m i t e . Q u a r t z g r a i n s a r e u n s t r a i n e d , i n d i c a t i n g t h a t t h e 
v e i n s were formed a f t e r d e f o r m a t i o n . 



87-P-2 65 Sheared C h e r t y D a c i t e T u f f w i t h A n k e r i t e A l t e r a t i o n , c u t 
by Q u a r t z - A n k e r i t e V e i n s 

The r o c k c o n t a i n s c r y s t a l fragments of q u a r t z and p l a g i o c l a s e i n 
an e x t r e m e l y f i n e g r a i n e d , w e l l f o l i a t e d groundmass dominated by 
c h e r t y s i l i c a , w i t h l e n s e s of s e r i c i t e , p a t c h e s of a n k e r i t e , and 
d i s s e m i n a t e d p y r i t e . V e i n s p a r a l l e l and p e r p e n d i c u l a r t o f o l i a t i o n 
c o n s i s t of q u a r t z and much l e s s a n k e r i t e . 

fragments 
p l a g i o c l a s e 3- 4 
q u a r t z 1- 2% 

groundmass 
c h e r t 45-50 T i - o x i d e 0.2% 
s e r i c i t e 8-10 a p a t i t e t r a c e 
a n k e r i t e 12-15 c h a l c o p y r i t e t r a c e 
p y r i t e 1- 2 M i n e r a l Y t r a c e 

v e i n s 
1) q u a r t z 5- 7 carbonaceous opaque minor 

a n k e r i t e 1- 2 c h a l c o p y r i t e t r a c e 
p y r i t e minor 

2) c a l c i t e t r a c e 

Q u a r t z and p l a g i o c l a s e form a n h e d r a l c r y s t a l fragments a v e r a g i n g 
0.07-0.2 mm i n s i z e , w i t h a few up t o 0.3 mm a c r o s s . P l a g i o c l a s e i s 
a l t e r e d s l i g h t l y t o m o d e r a t e l y t o s e r i c i t e . A few s e r i c i t e - r i c h 
p a t c h e s may r e p r e s e n t c o m p l e t e l y a l t e r e d p l a g i o c l a s e c r y s t a l 
f r a g m e n t s . 

The groundmass i s dominated by e x t r e m e l y f i n e g r a i n e d q u a r t z 
(0.003-0.008 mm). S e r i c i t e forms 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 . C o a r s e r g r a i n e d s e r i c i t e ( a f t e r p l a g i o c l a s e ? ) forms a few 
p a t c h e s and l e n s e s up t o 0.3 mm wide. A n k e r i t e forms e x t r e m e l y f i n e 
g r a i n e d p a t c h e s d i s s e m i n a t e d t h r o u g h t h e r o c k . 

p y r i t e forms a few e u h e d r a l g r a i n s a v e r a g i n g 0.07-0.15 mm i n 
s i z e , and more abundant 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 
0.02-0.03 mm a c r o s s . I t i s c o n c e n t r a t e d i n a few 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 as s u b h e d r a l t o e u h e d r a l g r a i n s from 0.03-0.1 mm i n s i z e . 
C h a l c o p y r i t e forms a n h e d r a l p a t c h e s up t o 0.05 mm i n s i z e . A s s o c i a t e d 
w i t h the l a r g e s t c l u s t e r of c h a l c o p y r i t e g r a i n s i s a g r a i n 0.04 mm 
a c r o s s of an unknown s u l f i d e ( ? ) . I t i s m o d e r a t e l y r e f l e c t i v e 
( s l i g h t l y l e s s than c h a l c o p y r i t e ) , w i t h low h a r d n e s s , a l i g h t g r e y 
c o l o r , and i s o t r o p i c n a t u r e . I t may be t h e same m i n e r a l as M i n e r a l Y 
i n sample 8 7 - P - l 223, and i s grouped w i t h i t . 

T i - o x i d e forms l e n s e s w i t h subrounded o u t l i n e s up t o 0.15 mm i n 
s i z e , and 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 a t c h e s and seams. 

A p a t i t e forms equant g r a i n s a v e r a g i n g 0.03-0.05 mm i n s i z e . 
Opaque seams up t o 0.05 mm wide a r e m o d e r a t e l y abundant. Most 

a r e p a r a l l e l t o f o l i a t i o n , and t h o s e few which c r o s s f o l i a t i o n a r e 
t i g h t l y c r e n u l a t e d . They c o n t a i n minor p a t c h e s of T i - o x i d e and p y r i t e 
i n t e r g r o w n w i t h n o n - r e f l e c t i v e opaque ( p o s s i b l y c a r b o n a c e o u s ) . 

The v e i n s are up t o 1.5 mm wide and a r e dominated by v e r y f i n e t o 
f i n e g r a i n e d q u a r t z , w i t h m o d e r a t e l y abundant a n k e r i t e and minor 
p y r i t e . The main v e i n which c r o s s c u t s f o l i a t i o n a t about 90 degrees 
appears t o be c u t by the l a r g e s t v e i n p a r a l l e l t o f o l i a t i o n . The 
l a t t e r c o n t a i n s p a t c h e s which a r e s t r o n g l y s t r a i n e d and i n p a r t 
r e c r y s t a l l i z e d t o f o l i a t e d s u b g r a i n a g g r e g a t e s . A n k e r i t e forms 
s u b h e d r a l g r a i n s up t o 0.3 mm l o n g i n t h e l a r g e v e i n p a r a l l e l t o 
f o l i a t i o n . P y r i t e forms a few c l u s t e r s uptown 0.25 mm i n s i z e of 
s u b h e d r a l g r a i n s . C h a l c o p y r i t e forms a v e r y few a n h e d r a l g r a i n s from 
0.005-0.015 mm i n s i z e . Carbonaceous opaque forms a few equant 
p a t c h e s up t o 0.05 mm i n s i z e i n one q u a r t z - r i c h v e i n . 

C a l c i t e forms a few l a t e v e i n l e t s up t o 0.02 mm wide. 



87-P-2 94.5 C h e r t y D o l o m i t e Replacement o f U l t r a m a f i c Rock; c u t by 
V e i n s o f D o l o m i t e - Q u a r t z and o f Q u a r t z - B a r i t e 

The r o c k c o n s i s t s of v e r y f i n e g r a i n e d d o l o m i t e w i t h l e n s e s and 
pa t c h e s of e x t r e m e l y f i n e g r a i n e d c h e r t , w i t h minor d i s s e m i n a t e d 
p y r i t e . Minor r e l i c c h r o m i t e p a t c h e s i n d i c a t e t h a t t h e p a r e n t was 
an u l t r a m a f i c r o c k . I t i s c u t by v e i n s up t o a few mm wide of 
d o l o m i t e - q u a r t z and v e i n l e t s up t o 0.2 mm wide of q u a r t z - b a r i t e . 

d o l o m i t e 80-85% 
c h e r t 10-12 
p y r i t e 0.5 
a r s e n o p y r i t e 0.2 
c h r o m i t e 0.7 
s e r i c i t e t r a c e 
v e i n s 
d o l o m i t e - ( q u a r t z ) 4- 5 (17-20% i n hand sample) 
q u a r t z - b a r i t e - ( s u l f i d e ) 2- 3 

Do l o m i t e forms 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 0.03-0.1 mm i n s i z e . 
C h e r t forms v e r y i r r e g u l a r i n t e r s t i t i a l p a t c h e s up t o I mm i n 

s i z e ; g r a i n s a r e s t r o n g l y i n t e r l o c k i n g and average 0.01-0.02 mm i n 
s i z e . Some c h e r t p a t c h e s c o n t a i n minor i n t e r s t i t i a l f l a k e s of 
s e r i c i t e / m a r i p o s i t e (suggested because po green c o l o r i n hand sample; 
g r a i n s t o o s m a l l t o show c o l o r i n t h i n s e c t i o n ) . 

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

A r s e n o p y r i t e forms d i s s e m i n a t e d s u b h e d r a l c u b i c 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 ; i t i s d i s t i n g u i s h e d from p y r i t e by i t s much 
w h i t e c o l o r . A n i s o t r o p i s m i s too weak t o r e c o g n i z e . 

Chromite forms 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 and c l u s t e r s of 
g r a i n s a v e r a g i n g 0.1-0.3 mm i n s i z e , w i t h a few up t o 1 mm l o n g . I t 
i s i s o t r o p i c w i t h a deep red-brown c o l o r . One c l u s t e r of c h r o m i t e ( ? ) 
0.2 mm a c r o s s c o n s i s t s of a n h e d r a l " g r a i n s " up t o 0.15 mm i n s i z e . I f 
i t were o r i g i n a l l y c h r o m i t e , i t was a l t e r e d t o an unknown m i n e r a l 
( p r o b a b l y a v a r i e t y of Fe o x i d e ) which i s opaque, w i t h v e r y low 
r e f l e c t i v i t y , and v e r y h a r d . " G r a i n s " appear t o be made up o f 
c r y p t o c r y s t a l l i n e a g g r e g a t e s . 

The major v e i n i n hand sample i s p r e s e n t o n l y i n one c o r n e r of 
t h e s e c t i o n . i t i s dominated by medium t o c o a r s e g r a i n e d d o l o m i t e 
w i t h p a t c h e s of v e r y f i n e t o l o c a l l y f i n e g r a i n e d q u a r t z i n 
f r a c t u r e - f i l l i n g seams and v e i n l e t s c u t t i n g a c r o s s c o a r s e r g r a i n e d 
d o l o m i t e . 

S m a l l e r v e i n l e t s up t o 0.2 mm wide a r e dominated by v e r y f i n e t o 
f i n e g r a i n e d q u a r t z . One of t h e s e a l s o c o n t a i n s abundant v e r y f i n e 
g r a i n e d b a r i t e , m a i n l y i n the c o r e of t h e v e i n l e t . T h i s v e i n l e t a l s o 
c o n t a i n s s c a t t e r e d p a t c h e s of p y r i t e and c h a l c o p y r i t e - h e m a t i t e ( ? ) up 
t o 0.06 mm i n s i z e . One l e n s y p a t c h dominated by v e r y f i n e g r a i n e d 
q u a r t z c o n t a i n s s e v e r a l ragged b a r i t e g r a i n s up t o 0.3 mm i n s i z e . 



87-P-2 120.1 Sheared C h e r t y A n k e r i t e / D o l o m i t e Replacement of 
U l t r a m a f i c R o c k ; D i s s e m i n a t e d A r s e n o p y r i t e and P y r i t e ; 
Q u a r t z - B a r i t e V e i n s 

The r o c k i s a s t r o n g l y sheared c h e r t y c a r b o n a t e r o c k dominated by 
a n k e r i t e / d o l o m i t e w i t h seams of s h e a r e d q u a r t z . I t c o n t a i n s r e l i c 
p a t c h e s of c h r o m i t e , which i n d i c a t e t h a t t h e p a r e n t r o c k was 
u l t r a m a f i c . A r s e n o p y r i t e and p y r i t e form d i s s e m i n a t e d g r a i n s . V e i n s 
up t o 0.3 mm wide of v e r y f i n e t o f i n e g r a i n e d q u a r t z - b a r i t e c u t 
a c r o s s the f o l i a t i o n . 

a n k e r i t e / d o l o m i t e 87-90% 
q u a r t z 5- 7 
c h r o m i t e 1- 2 
a r s e n o p y r i t e 0.3 
p y r i t e 0.3 
m a r i p o s i t e 0.2 
v e i n s 
q u a r t z - b a r i t e 2- 3 

A n k e r i t e / d o l o m i t e forms v e r y f i n e t o f i n e g r a i n e d a g g r e g a t e s , 
which show a moderate t o s t r o n g f o l i a t i o n , and commonly appears t o 
have been v e r y s t r o n g l y s h e a r e d . S h e a r i n g i s c o n c e n t r a t e d a l o n g w i s p y 
seams, i n which c a r b o n a t e i s s t r o n g l y g r a n u l a t e d . These seams 
p r o b a b l y a l s o c o n t a i n minor m a r i p o s i t e , which a c c o u n t s f o r the 
g r e e n - c o l o r e d seams p a r a l l e l t o f o l i a t i o n . A few c a r b o n a t e - r i c h l a y e r s 
up t o a few mm a c r o s s c o n t a i n s l i g h t l y c o a r s e r g r a i n e d , g e n e r a l l y 
u n s t r a i n e d g r a i n s ; t h e s e may be metamorphic s e g r e g a t i o n s , which were 
formed a f t e r much of t h e s h e a r i n g o c c u r r e d . 

Q u a r t z o c c u r s i n w i s p y seams and p a t c h e s . Most p a t c h e s show a 
v e r y s t r o n g f o l i a t i o n produced by i n t e n s e s h e a r i n g , w i t h e x t r e m e l y 
f i n e g r a i n s i n p a r a l l e l o r i e n t a t i o n . T e x t u r e s i n some of t h e s e p a t c h 
a r e more t y p i c a l of s e r i c i t e t h a n q u a r t z . Other p a t c h e s a r e 
u n s t r a i n e d and c o n s i s t of e x t r e m e l y f i n e g r a i n e d c h e r t y a g g r e g a t e s 
w i t h m o d e r a t e l y i n t e r l o c k i n g g r a i n b o r d e r s . A few p a t c h e s show 
t e x t u r e s s u g g e s t i v e of t i g h t f o l d s . 

C h romite forms ragged l e n s e s and equant g r a i n s from 0.05-1 mm i n 
s i z e . G r a i n s have a deep red-brown c o l o r , and are f r a c t u r e d and i n 
p a r t c o r r o d e d . 

M a r i p o s i t e forms a p a t c h 0.15 mm l o n g of e x t r e m e l y f i n e g r a i n 
s i z e (0.002-0.005 mm) e n c l o s e d i n a l e n s of q u a r t z . 

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

L a t e v e i n s up t o 0.3 mm i n w i d t h a r e dominated by v e r y f i n e 
g r a i n e d q u a r t z , w i t h s e v e r a l p a t c h e s of v e r y f i n e g r a i n e d b a r i t e . 



87-P-2 138 A l t e r e d U l t r a m a f i c Rock: A n k e r i t e - Q u a r t z - S e r i c i t e -
M a g n e t i t e - ( C h r o m i t e - B a r i t e - P h l o g o p i t e - C h l o r i t e ) ; 
v e i n s o f Q u a r t z - ( B a r i t e ) and o f A n k e r i t e / D o l o r n i t e 

The sample i s a w e l l f o l i a t e d and s t r o n g l y a l t e r e d u l t r a m a f i c 
r o c k . R e l i c p a t c h e s (dark i n hand sample) a r e dominated by q u a r t z , 
s e r i c i t e , and F e - o x i d e s . L i g h t e r c o l o r e d replacement p a t c h e s and 
v e i n l i k e zones a r e dominated by a n k e r i t e . Chromite forms r e l i c g r a i n s 
and. c l u s t e r s of g r a i n s . The r o c k i s c u t by a few l a t e v e i n s of 
q u a r t z - ( b a r i t e ) and of a n k e r i t e / d o l o m i t e . 

a n k e r i t e 65-70% 
q u a r t z 10-12 
s e r i c i t e 10-12 
magnet i te/hemat i t e 4- 5 
c h r o m i t e 1 
b a r i t e 0.3 
p h l o g o p i t e 0.2 
c h l o r i t e 0.2 

A n k e r i t e forms a g g r e g a t e s of v e r y f i n e t o l o c a l l y f i n e g r a i n s . 
Many f i n e r g r a i n e d a g g r e g a t e s show moderate t o s t r o n g s h e a r i n g . Some 
c o a r s e r g r a i n e d v e i n l i k e zones a r e p r o b a b l y l a t e metamorphic 
s e g r e g a t i o n s ; t h e s e a r e v e r y f i n e t o f i n e g r a i n e d , and g e n e r a l l y 
u n s h e a r e d . some of t h e s e c o n t a i n minor p a t c h e s of q u a r t z and of 
b a r i t e . 

Q u a r t z , w i t h s e r i c i t e and F e - o x i d e s , i s c o n c e n t r a t e d i n l e n s y 
p a t c h e s showing a prominent f o l i a t i o n . Q u a r t z commonly i s e x t r e m e l y 
f i n e g r a i n e d , and commonly appears t o have been sheared s t r o n g l y . A 
few 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 a r e u n f o l i a t e d and u n s t r a i n e d . 

S e r i c i t e forms 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 a g g r e g a t e s , 
g e n e r a l l y u n f o l i a t e d and i n p a r t w i t h g r a i n s o r i e n t e d p e r p e n d i c u l a r t o 
f o l i a t i o n . A few f i n e g r a i n e d seams of s e r i c i t e a r e o r i e n t e d p a r a l l e l 
t o f o l i a t i o n , p h l o g o p i t e forms a few ragged g r a i n s from 0.1-0.3 mm i n 
s i z e ; p l e o c h r o i s m i s from c o l o r l e s s t o p a l e brown. 

C h l o r i t e forms s l e n d e r f l a k e s up t o 0.1 mm l o n g i n t e r g r o w n i n 
some p a t c h e s of e x t r e m e l y f i n e g r a i n e d q u a r t z . 

M a g n e t i t e forms equant g r a i n s a v e r a g i n g 0.03-0.08 mm i n s i z e , 
s t r o n g l y c o n c e n t r a t e d i n l e n s e s w i t h q u a r t z and s e r i c i t e . i n a few 
l e n s e s , m a g n e t i t e averages 0.01-0.03 mm i n s i z e . M a g n e t i t e i s a l t e r e d 
m o d e r a t e l y t o s t r o n g l y t o h e m a t i t e ; a l t e r a t i o n i s i n i r r e g u l a r p a t c h e s 
and i s c o n c e n t r a t e d a l o n g b o r d e r s o f g r a i n s . 

C h r o mite forms a few r a g g e d , f r a c t u r e d g r a i n s up t o 0.9 mm i n 
s i z e , some of which a r e c o n c e n t r a t e d i n c l u s t e r s up t o 2.5 mm a c r o s s . 
I t ranges i n c o l o r from deep r e d brown t o opaque. I t i s a l t e r e d 
s l i g h t l y a l o n g g r a i n b o r d e r s and f r a c t u r e s t o h e m a t i t e . 

B a r i t e forms a n h e d r a l , commonly ragged g r a i n s from 0.1-0.3 mm i n 
average s i z e , commonly i n t e r g r o w n w i t h a n k e r i t e . 

The r o c k i s c u t by a few l a t e v e i n l e t s up t o 0.15 mm wide of 
q u a r t z , m a i n l y p a r a l l e l t o f o l i a t i o n , and up t o 0.1 mm wide of 
a n k e r i t e / d o l o m i t e c u t t i n g f o l i a t i o n . 

v e i n s 
q u a r t z - ( b a r i t e ) 
a n k e r i t e / d o l o m i t e 

1- 2 
0.3 



87-P-2 160 D u n i t e / P e r i d o t i t e a l t e r e d t o S e r p e n t i n e - M a g n e t i t e ; 
P a t c h y A l t e r a t i o n t o M a g n e s i t e - ( T a l c ) 

The r o c k i s dominated by s e r p e n t i n e w i t h i r r e g u l a r p a t c h e s of 
m a g n e t i t e , formed by a l t e r a t i o n of o l i v i n e (and p o s s i b l y p y r o x e n e ) , 
and minor r e l i c c h r o m i t e . L a t e r a l t e r a t i o n t o c a r b o n a t e (magnesite?) 
and t a l c i s c o n c e n t r a t e d i n seams and p a t c h e s . 

S e r p e n t i n e forms e x t r e m e l y f i n e t o medium g r a i n e d a g g r e g a t e s . 
F i n e r g r a i n e d , more i r r e g u l a r s e r p e n t i n e a g g r e g a t e s a r e secondary 
a f t e r o l i v i n e . Some c o a r s e r g r a i n e d p a t c h e s 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 of pyroxene. Other c o a r s e r g r a i n e d zones form v e i n s up t o 
a few mm wi d e . Some v e i n s show e x t r e m e l y f i n e l y l a m i n a t e d growth 
z o n i n g i n s e r p e n t i n e c r y s t a l s or a g g r e g a t e s . S e r p e n t i n e v e i n s a r e 
common l o c i f o r l a t e r v e i n s of c a r b o n a t e and/or t a l c . 

M a g n e t i t e i s c o n c e n t r a t e d i n v e i n l i k e l e n s e s and pat c h e s 
a v e r a g i n g 0.05 mm wide, and i n i r r e g u l a r l e n s e s . G r a i n s a r e v e r y f i n e 
t o e x t r e m e l y f i n e , and a r e r e p l a c e d s l i g h t l y t o m o d e r a t e l y by 
h e m a t i t e . 

C h r o m i t e forms c l u s t e r s up t o 1.5 mm l o n g of a n h e d r a l g r a i n s 
a v e r a g i n g 0.2-0.4 mm i n s i z e . I t ranges i n c o l o r from deep red-brown 
t o opaque. Commonly i t i s a l t e r e d s l i g h t l y a l o n g g r a i n b o r d e r s t o 
h e m a t i t e • 

C a r b o n a t e ( p r o b a b l y magnesite - based on c o m p o s i t i o n of rock) i s 
c o n c e n t r a t e d i n v e i n l i k e zones up t o 0.5 mm wide and i n pat c h e s 
a v e r a g i n g 0.1-0.3 mm a c r o s s . Some v e i n l i k e zones have t h i n b o r d e r s of 
e x t r e m e l y f i n e g r a i n e d t a l c . E l s e w h e r e , t a l c forms s i m i l a r v e i n l i k e 
zones of e x t r e m e l y f i n e g r a i n s i z e . I t a l s o o c c u r s as t h i n s e l v a g e s 
a l o n g f r a c t u r e s i n masses of s e r p e n t i n e . i n c o a r s e r g r a i n e d 
s e r p e n t i n e p a t c h e s and v e i n l i k e z o n e s , t a l c appears t o r e p l a c e 
s e r p e n t i n e g r a d u a l l y ; t h i s i s i n d i c a t e d by a g r a d u a l i n c r e a s e i n 
b i r e f r i n g e n c e of the m i n e r a l from l s t - o r d e r w h i t e t y p i c a l l y of 
s e r p e n t i n e t o l s t - o r d e r y e l l o w and r e d and low 2nd-order c o l o r s more 
t y p i c a l of t a l c . 

s e r p e n t i n e 
m a g n e t i t e 
c h r o m i t e 
c a r b o n a t e (magnesite?) 
t a l c 

75-80% 
4- 5 
0.5 

10-12 
5- 7 



87-P-2 223 D u n i t e : A l t e r e d t o S e r p e n t i n e - M a g n e t i t e ; L a t e patches 
and V e i n s o f M a g n e s i t e - ( T a l c ) 

The r o c k i s a d u n i t e ( or p o s s i b l y p e r i d o t i t e ) which was a l t e r e d 
c o m p l e t e l y t o s e r p e n t i n e - m a g n e t i t e w i t h minor r e l i c c h r o m i t e and l o c a l 
c o n c e n t r a t i o n s of c h l o r i t e . The s e r p e n t i n e appears t o have been 
s h e a r e d and r e c r y s t a l l i z e d , i n p a r t f o r m i n g c o a r s e r v e i n l i k e zones. 
L a t e r v e i n s and replacement p a t c h e s a r e of c a r b o n a t e (magnesite) and 
minor t a l c . 

s e r p e n t i n e 83-87% 
m a g n e t i t e 5- 7 
c h r o m i t e 0.5 
a r s e n o p y r i t e 0.2 
p y r i t e 0.1 
c h l o r i t e 1 
c a r b o n a t e (magnesite?) 7- 8 
t a l c 0.1 

S e r p e n t i n e forms 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 aggregates 
i n random o r i e n t a t i o n and e x t r e m e l y f i n e t o medium g r a i n e d aggregates 
i n p a r a l l e l o r i e n t a t i o n . None of t h e s e appears t o p r e s e r v e the 
o r i g i n a l t e x t u r e of t h e u l t r a m a f i c r o c k , s u g g e s t i n g t h a t the rock was 
s t r o n g l y sheared and r e c r y s t a l l i z e d . The i n t e r f e r e n c e 
c o l o r of s e r p e n t i n e ranges from l s t - o r d e r g r e y t o b r i g h t l s t - o r d e r 
y e l l o w , the l a t t e r o c c u r r i n g i n some of t h e c o a r s e r g r a i n e d 
r e c r y s t a l l i z e d zones. I t may suggest a s l i g h t a l t e r a t i o n of 
s e r p e n t i n e towards t a l c . 

M a g n e t i t e forms d i s s e m i n a t e d g r a i n s , m o d e r a t e l y c o n c e n t r a t e d i n 
c l u s t e r s and l e n s e s up t o a few mm l o n g . G r a i n s i z e averages 0.02-0.1 
mm. G r a i n s a r e r e l a t i v e l y f r e s h , w i t h l o c a l a l t e r a t i o n t o h e m a t i t e . 
L o c a l l y s e r p e n t i n e forms r i m s up t o 0.1 mm wide of s u b p a r a l l e l g r a i n s 
growing p e r p e n d i c u l a r t o some l a r g e p a t c h e s of m a g n e t i t e . 

Chromite forms a few a n h e d r a l , c o r r o d e d g r a i n s up t o 0.6 mm i n 
s i z e . C o l o r ranges from v e r y dark red-brown t o opaque. I t i s a l t e r e d 
s l i g h t l y t o m o d e r a t e l y on g r a i n b o r d e r s t o h e m a t i t e . 

A r s e n o p y r i t e and l e s s e r p y r i t e form 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 
0.01-0.03 mm i n s i z e , and wispy l e n s e s up t o 0.2 mm l o n g a l o n g 
c l e a v a g e i n c o a r s e r g r a i n e d s e r p e n t i n e . 

C h l o r i t e i s c o n c e n t r a t e d i n one p a t c h 2.5 mm a c r o s s as a few 
s u b h e d r a l g r a i n s up t o 0.8 mm l o n g and much more abundant, v e r y f i n e 
g r a i n s surrounded by and i n t e r g r o w n w i t h s e r p e n t i n e . T e x t u r e s suggest 
t h a t an o r i g i n a l m a f i c m i n e r a l ( p o s s i b l y p h l o g o p i t e was r e p l a c e d by 
c h l o r i t e , which was then deformed p a r t l y r e p l a c e d by s e r p e n t i n e . 

Carbonate ( p r o b a b l y magnesite) forms i r r e g u l a r , b r a i d e d , 
e x t r e m e l y f i n e g r a i n e d v e i n s up t o 0.4 mm wide. L o c a l l y a s s o c i a t e d 
w i t h c a r b o n a t e a r e l e n s e s up t o 0.05 mm wide and 0.2 mm l o n g of 
e x t r e m e l y f i n e g r a i n e d t a l c . 



87-P-2 245 A l t e r e d D u n i t e : S e r p e n t i n e - M a g n e t i t e , and Carbonate 
( M a g n e s i t e ? ) - T a l c 

The r o c k i s sheared and r e c r y s t a l l i z e d , w i t h development of a 
s t r o n g f o l i a t i o n and abundant m i c r o s c o p i c d r a g f o l d s . I t c o n t a i n s 
l e n s e s dominated by s e r p e n t i n e and o t h e r s dominated by c a r b o n a t e - t a l c . 
M a g n e t i t e i s c o n c e n t r a t e d i n l e n s e s i n bot h t y p e s of a l t e r a t i o n 
a ssemblage. Chromite forms r e l i c g r a i n s surrounded by s e r p e n t i n e . 

s e r p e n t i n e 20-25% 
m a g n e t i t e / h e m a t i t e 3- 4 
c h r o m i t e 1- 1.5 
c a r b o n a t e (magnesite?) 30-35 
t a l c 35-40 

S e r p e n t i n e forms l e n s e s up t o 1 mm wide of e x t r e m e l y f i n e t o f i n e 
g r a i n e d a g g r e g a t e s . One shows t i g h t f o l d i n g . some l a r g e r l e n s e s a r e 
c u t by v e i n l e t s up t o 0.1 mm wide of c a r b o n a t e . 

M a g n e t i t e forms l e n s e s and seams up t o 0.7 mm wide of g r a i n s from 
0.03-0.2 mm i n s i z e . Most a r e a l t e r e d m o d e r a t e l y t o s t r o n g l y t o 
h e m a t i t e . F i n e r g r a i n e d (0.01-0.03 mm) m a g n e t i t e i s c o n c e n t r a t e d i n 
seams p a r a l l e l t o f o l i a t i o n ; i t i s a l t e r e d s t r o n g l y t o c o m p l e t e l y t o 
h e m a t i t e . 

C h r o m i t e forms c o r r o d e d , r e l i c g r a i n s from 0.2-0.8 mm i n s i z e , 
a l o n e o r i n c l u s t e r s of a few g r a i n s , m a i n l y surrounded by s e r p e n t i n e . 
I t i s deep red-brown i n c o l o r . Many g r a i n s have i r r e g u l a r c o r e s of 
c h r o m i t e surrounded by s e c o n d a r y m a g n e t i t e , which i n t u r n i s a l t e r e d 
s l i g h t l y t o m o d e r a t e l y t o h e m a t i t e a l o n g g r a i n b o r d e r s . 

T a l c forms l e n s e s and seams p a r a l l e l e d t o f o l i a t i o n . G r a i n s i z e 
ranges w i d e l y , from 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 t o f l a k e s up t o 
1 mm i n s i z e . Some c o a r s e r g r a i n e d f l a k e s show i n t e r n a l f o l d i n g . 

C a r bonate i s c o n c e n t r a t e d i n seams p a r a l l e l t o f o l i a t i o n as v e r y 
f i n e t o e x t r e m e l y f i n e g r a i n s . i n some i t 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 e x t r e m e l y f i n e g r a i n e d t a l c . some seams of c a r b o n a t e , w i t h or 
w i t h o u t t a l c i n t e r l a y e r s , show t i g h t f o l d s . 



37-P-2 247 C h e r t y Carbonate A l t e r a t i o n o f u l t r a m a f i c Rock; L a t e 
V e i n l e t s o f Q u a r t z - ( B a r i t e ) 

The r o c k i s s t r o n g l y f o l d e d , and dominated by c a r b o n a t e w i t h much 
l e s s c h e r t y q u a r t z and minor p y r i t e . F o l d s a r e o u t l i n e d by bands of 
d i f f e r c o m p o s i t i o n and/or t e x t u r e , and a r e up t o s e v e r a l mm a c r o s s . 
S c a t t e r e d g r a i n s of c h r o m i t e i n d i c a t e t h a t t h e p a r e n t was an 
u l t r a m a f i c r o c k . The dark g r e y c o l o r of seams ( i n hand sample) i s 
caused by e x t r e m e l y f i n e g r a i n e d c a r b o n a t e w i t h minor p y r i t e . A few 
l a t e v e i n l e t s up t o 0.1 mm wide a r e of q u a r t z and l e s s e r b a r i t e . 

c a r b o n a t e 85-87% 
q u a r t z 7- 8 
c h r o m i t e 1 
p y r i t e 1- 2 
T i - o x i d e minor 
a p a t i t e t r a c e 
l a t e p a t c h e s 
q u a r t z - c a r b o n a t e 2- 3 

v e i n l e t s 
q u a r t z 0.3 
b a r i t e 0.1 

Carbonate (magnesite or d o l o m i t e / a n k e r i t e ) forms v e r y f i n e 
t o l o c a l l y f i n e g r a i n e d a g g r e g a t e s . E x t r e m e l y f i n e g r a i n e d 
a n k e r i t e ( ? ) i s c o n c e n t r a t e d i n l e n s e s w i t h q u a r t z and i n 
r e c r y s t a l l i z e d seams; i t i s d i s t i n g u i s h e d from t h e main c a r b o n a t e by 
h i g h e r r e l i e f ( a l t h o u g h t h i s may be p a r t l y a p p a r e n t because of the 
f i n e g r a i n s i z e ) • A few l a t e v e i n l i k e zones of c o a r s e r c a r b o n a t e 
( w h i t e i n hand sample) a r e s l i g h t l y c o a r s e r g r a i n e d ; i n some g r a i n s 
a r e o r i e n t e d s u b p e r p e n d i c u l a r t o t h e l e n g t h of t h e " v e i n " . 

Q u a r t z forms wispy l e n s e s of e x t r e m e l y f i n e g r a i n s i z e . In some, 
g r a i n s a r e s t r o n g l y sheared and r e c r y s t a l l i z e d p a r a l l e l t o f o l i a t i o n . 
In o t h e r s , g r a i n s a r e equant and m o d e r a t e l y i n t e r l o c k i n g w i t h t y p i c a l 
c h e r t y t e x t u r e s . One l e n s y zone 5 mm l o n g and up t o 1 mm wide 
c o n s i s t s o f e x t r e m e l y f i n e g r a i n e d c h e r t y s i l i c a w i t h a banded 
t e x t u r e ; i n t e r g r o w n w i t h i t p a r a l l e l t o f o l i a t i o n a r e l e n s e s and 
v e i n l e t s of c a r b o n a t e . A few p a t c h e s and d i s s e m i n a t i o n g r a i n s of 
q u a r t z 0.05 mm i n s i z e a r e i n t e r g r o w n w i t h c o a r s e r g r a i n e d c a r b o n a t e . 

Chromite forms r e l i c , commonly f r a c t u r e d and c o r r o d e d , equant 
g r a i n s up t o 0.6 mm i n s i z e . I t i s r e d brown i n c o l o r . Some g r a i n s 
a r e a l t e r e d a l o n g b o r d e r s s l i g h t l y t o m o d e r a t e l y t o m a g n e t i t e , 
p a t c h e s of p y r i t e o c c u r i n some f r a c t u r e s . 

p y r i t e forms c l u s t e r s and 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 0.02-0.05 
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 . These commonly a r e 
c o n c e n t r a t e d i n l e n s e s w i t h e x t r e m e l y f i n e g r a i n e d c a r b o n a t e . 

A few p a t c h e s up t o 2 mm a c r o s s a r e of v e r y f i n e t o f i n e g r a i n e d 
q u a r t z and l e s s e r c a r b o n a t e ; t h e s e p r o b a b l y formed d u r i n g l a t e 
r e c r y s t a l l i z a t i o n . 

T i - o x i d e forms s c a t t e r e d equant g r a i n s up t o 0.03 mm i n s i z e . 
A p a t i t e o c c u r s i n a v e r y few p a t c h e s of q u a r t z as a n h e d r a l , 

equant 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 . 

The r o c k i s c u t by a l a t e v e i n l e t up t o 0.1 mm wide of v e r y f i n e 
g r a i n e d q u a r t z and l e s s e r b a r i t e . 



37-P-2 272.5 B r e c c i a : C a r b o n a t e - Q u a r t z A l t e r e d u l t r a m a f i c Rock 
Fragments i n a Groundmass o f Q u a r t z - ( C a r b o n a t e ) w i t h 
minor C h a l c e d o n y and A r s e n o p y r i t e 

The r o c k c o n t a i n s a n g u l a r fragments from 0.3-2 mm i n s i z e of 
s e v e r a l t y p e s , m a i n l y c a r b o n a t e - ( c h e r t ) . The presence of s c a t t e r e d 
c h r o m i t e g r a i n s i n d i c a t e s t h a t t h e p a r e n t was u l t r a m a f i c . 

The groundmass i s dominated by 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 q u a r t z and l e s s e r c a r b o n a t e , w i t h minor patches of c h a l c e d o n y 
and d i s s e m i n a t e d g r a i n s of a r s e n o p y r i t e . A l a t e v e i n l e t i s of q u a r t z . 

fragments 
c a r b o n a t e - c h e r t y q u a r t z 35-40% 
q u a r t z - ( c a r b o n a t e ) v e i n 3- 4 
c h r o m i t e 0.1 

groundmass 
q u a r t z 40-45 
c a r b o n a t e 7- 8 
v e i n q u a r t z 3- 4 
c h a l c e d o n y 0.4 
a r s e n o p y r i t e 0.2 
p y r i t e t r a c e 
h e m a t i t e t r a c e 

v e i n s 
q u a r t z - c a r b o n a t e seam 1- 2 
q u a r t z 0.4 

Fragments up t o 2 mm i n s i z e a r e of c a r b o n a t e or c a r b o n a t e - c h e r t y 
q u a r t z . Carbonate i s m a i n l y v e r y f i n e g r a i n e d , and commonly shows a 
p r e f e r r e d o r i e n t a t i o n . C h e r t y q u a r t z shows t e x t u r e s s i m i l a r t o those 
i n o t h e r samples of c a r b o n a t e - q u a r t z a l t e r a t i o n . These i n c l u d e m a i n l y 
u n o r i e n t e d g r a i n s a v e r a g i n g 0.002-0.005 mm, and pa t c h e s w i t h s t r o n g 
f o l i a t i o n and s i m i l a r t o s l i g h t l y c o a r s e r g r a i n s i z e . Some f o l i a t e d 
c h e r t c o n t a i n s l e n s e s of c a r b o n a t e . 

A few p a t c h e s from 1 t o 3 mm a c r o s s of v e r y f i n e t o f i n e grained-
q u a r t z and minor c a r b o n a t e appear t o be fra g m e n t s . 

Chromite forms a n g u l a r g r a i n s up t o 0.3 mm i n s i z e , e i t h e r as 
fragments o r as r e l i c g r a i n s i n c h e r t - c a r b o n a t e a l t e r a t i o n . Chromite 
i s f r a c t u r e d s t r o n g l y . 

The groundmass of t h e b r e c c i a i s dominated by 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 q u a r t z w i t h minor t o m o d e r a t e l y abundant c a r b o n a t e , 
i n s l i g h t l y c o a r s e r g r a i n e d p a t c h e s , s u b h e d r a l p r i s m a t i c q u a r t z g r a i n s 
up t o 0.15 mm l o n g a r e common. A few p a t c h e s up t o 1.5 mm a c r o s s of 
v e r y f i n e t o l o c a l l y medium g r a i n e d q u a r t z appear t o be l a t e - f o r m e d 
r e p l a c e m e n t p a t c h e s . L o c a l l y , c h a l c e d o n y forms p a t c h e s up t o 1 mm i n 
s i z e of r a d i a t i n g t o s u b p a r a l l e l a g g r e g a t e s of g r a i n s a v e r a g i n g 
0.05-0.1 mm i n l e n g t h . 

A r s e n o p y r i t e forms d i s s e m i n a t e d s u b 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 0.03-0.07 mm i n s i z e , p y r i t e forms 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 0.02-0.03 mm i n s i z e . 

A few i n t e r s t i t i a l p a t c h e s c o n s i s t of dense, dark red-brown 
h e m a t i t e ( ? ) showing v e r y low r e f l e c t i v i t y . 

The r o c k i s c u t by a seam up t o 0.3 mm wide of e x t r e m e l y f i n e 
g r a i n e d c h e r t and c a r b o n a t e . 

L a t e v e i n l e t s up t o 0.2 mm wide a r e of v e r y f i n e g r a i n e d q u a r t z . 



87-P-2 363 Metamorphosed D a c i t e T u f f , B r e c c i a t e d and c u t by 
~~ v e i n s o f A n k e r i t e 

The r o c k c o n t a i n s s c a t t e r e d fragments of q u a r t z and l e s s e r 
p l a g i o c l a s e i n an e x t r e m e l y f i n e g r a i n e d groundmass dominated by 
c h e r t y 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 . The r o c k i s 
b r e c c i a t e d a l o n g seams dominated by d u s t y opaque. i t i s c u t by 
v e i n l e t s up t o 0.5 mm wide (0.5 mm i n hand sample) of a n k e r i t e . 

fragments 
q u a r t z 2- 3% 
p l a g i o c l a s e 1 
T i - o x i d e minor 
a p a t i t e t r a c e 

groundmass 
c h e r t y q u a r t z 40-45 
s e r i c i t e 20-25 
a n k e r i t e 17-20 
p y r i t e - m a r c a s i t e 1 
c h a l c o p y r i t e t r a c e 
d u s t y opaque 4- 5 

v e i n l e t s 
1) e a r l y q u a r t z 1 
2) l a t e a n k e r i t e 3- 4 

Q u a r t z and l e s s e r p l a g i o c l a s e form a n g u l a r t o subrounded 
fragments from 0.1-0.2 mm i n average s i z e . T i - o x i d e forms a few 
equant f r a g m e n t s up t o 0.13 mm a c r o s s . A p a t i t e forms a v e r y few 
equant fragments up t o 0.05 mm i n s i z e . 

The groundmass i s dominated by e x t r e m e l y f i n e g r a i n e d , c h e r t 
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 p a t c h e s and seams of a n k e r i t e . Dusty 
opaque ( p o s s i b l y carbonaceous) forms w i s p y seams and i r r e g u l a r 
p a t c h e s . In hand sample, t h e s e appear t o be c o n c e n t r a t e d i n the 
m a t r i x of an i r r e g u l a r b r e c c i a , and i n p a r t a r e a s s o c i a t e d w i t h 
e a r l y - f o r m e d seams and v e i n l e t s o f a n k e r i t e . 

P y r i t e i s c o n c e n t r a t e d i n a few c l u s t e r s up t o 0.9 mm l o n g as 
s u b h e d r a l t o e u h e d r a l g r a i n s up t o 0.2 mm i n s i z e . Many g r a i n s 
c o n t a i n abundant t i n y s i l i c a t e i n c l u s i o n s . Some s i m i l a r c l u s t e r s up 
t o 0.3 mm a c r o s s a r e a g g r e g a t e s of a n h e d r a l , e x t r e m e l y f i n e g r a i n e d 
m a r c a s i t e . 

C h a l c o p y r i t e forms a n h e d r a l g r a i n s from 0.01-0.02 mm s i z e , and i s 
c o n c e n t r a t e d l o c a l l y i n c l u s t e r s of g r a i n s up t o 0.05 mm a c r o s s 
a s s o c i a t e d w i t h v e r y f i n e g r a i n e d c a r b o n a t e . 

A few e a r l y , d i s c o n t i n u o u s v e i n l i k e zones and p a t c h e s a r e of v e r y 
f i n e g r a i n e d q u a r t z w i t h much l e s s c a r b o n a t e . 

L a t e , somewhat i r r e g u l a r , r e p l a c e m e n t and c r o s s c u t t i n g v e i n s 
a v e r a g i n g 0.2-0.3 mm wide a r e of e x t r e m e l y f i n e g r a i n e d a n k e r i t e . 



87 -B-3 266 P e r i d o t i t e : O l i v i n e and Orthopyroxene A l t e r e d t o 
S e r p e n t i n e - M a g n e t i t e ; V e i n s o f Carbonate and T a l c 

The r o c k i s a medium t o c o a r s e g r a i n e d p e r i d o t i t e dominated by 
o l i v i n e w i t h l e s s e r o r t h o p y r o x e n e and minor i n t e r c u m u l u s c h r o m i t e . 
O l i v i n e i s a l t e r e d c o m p l e t e l y t o s e r p e n t i n e and p a t c h e s of m a g n e t i t e , 
o r t h o p y r o x e n e i s a l t e r e d t o s e r p e n t i n e , and c h r o m i t e i s a l t e r e d t o 
h e m a t i t e . O r i g i n a l t e x t u r e s a r e w e l l p r e s e r v e d . E a r l y v e i n l e t s a r e 
of s e r p e n t i n e and l a t e v e i n s a r e of c a r b o n a t e and of t a l c . 

o l i v i n e ( s e r p e n t i n e ) 65-70% v e i n s 
o r t h o p y r o x e n e ( s e r p e n t i n e ) 17-20 s e r p e n t i n e 1- 2% 
c h r o m i t e 1- 2 c a r b o n a t e - t a l c 
m a g n e t i t e (secondary) 3- 4 ( c h a l c o p y r i t e ) 3- 4 
p y r i t e 0.3 t a l c 1- 2 
c h l o r i t e minor 

O l i v i n e forms an a g g r e g a t e of f i n e t o medium g r a i n s ; t h e s e are 
r e p l a c e d by s e r p e n t i n e showing t y p i c a l l y r eplacement t e x t u r e s 
c o n t r o l l e d by f r a c t u r e s i n o l i v i n e g r a i n s . M a g n e t i t e ( a f t e r o l i v i n e ) 
o c c u r s i n d i s s e m i n a t e d g r a i n s i n , and i n t e r s t i t i a l p a t c h e s between 
a l t e r e d o l i v i n e g r a i n s . 

C l i n o p y r o x e n e forms c l u s t e r s of 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 up t o 3.5 mm i n l e n g t h . They a r e r e p l a c e d by pseudomorphic 
s e r p e n t i n e . Some a r e s l i g h t l y bent and b r o k e n . 

Chromite forms i n t e r s t i t i a l ( i n t e r c u m u l u s ) g r a i n s between o l i v i n e 
g r a i n s . S i z e ranges w i d e l y from 0.1-2.5 mm. Chromite i s a l t e r e d 
c o m p l e t e l y t o opaque F e - o x i d e s of e x t r e m e l y f i n e g r a i n s i z e and low 
r e f l e c t i v i t y . These i n t u r n a r e r e p l a c e d by wispy v e i n l e t s of 
h e m a t i t e w i t h h i g h e r r e f l e c t i v i t y . L o c a l l y s u r r o u n d i n g t he l a r g e s t 
two p a t c h e s of c h r o m i t e i s minor c h l o r i t e showing brown i n t e r f e r e n c e 
c o l o r . T h i s i s b o r d e r e d by l a r g e r zones of s e r p e n t i n e / c h l o r i t e 
showing b r i g h t b l u e anomalous i n t e r f e r e n c e c o l o r . 

M a g n e t i t e i s c o n c e n t r a t e d i n seams and p a t c h e s as 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 h o u g h t he o p t i c a l p r o p e r t i e s 
s u ggest t h a t m a g n e t i t e i s u n a l t e r e d , t h e low magnetism of t h e r o c k 
s u g g e s t s t h a i l a n d i s m o d e r a t e l y r e p l a c e d by h e m a t i t e . 

p y r i t e and m a r c a s i t e / p y r i t e form 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 and 
c l u s t e r s a v e r a g i n g 0.02-0.05 mm i n s i z e . 

V e i n s a r e of f o u r main t y p e s . E a r l y v e i n s a v e r a g i n g 0.1-0.3 mm 
i n w i d t h a r e of f i n e t o medium g r a i n e d s e r p e n t i n e . 

Carbonate ( a n k e r i t e o r magnesite) forms 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 v e i n s up t o 1.3 mm wide. Some of th e s e v e i n s c o n t a i n 
minor t o abundant p a t c h e s of a p a l e t o l i g h t brown m i n e r a l ( p r o b a b l y a 
p h y l l o s i l i c a t e ) which forms " f l a k e s " up t o 1.5 mm i n s i z e of 
c r y p t o c r y s t a l l i n e a g g r e g a t e 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 . The m i n e r a l 
has v e r y low apparent b i r e f r i n g e n c e , but t h a t may be because i t i s so 
f i n e g r a i n e d . A p a t c h a few mm a c r o s s near t h e l a r g e s t c a r b o n a t e v e i n 
c o n s i s t s of c o a r s e g r a i n e d s e r p e n t i n e - t a l c , w i t h i n t e r f e r e n c e c o l o r 
r a n g i n g from l s t - o r d e r g r e y ( t y p i c a l of s e r p e n t i n e t o 2nd o r d e r y e l l o w 
( t y p i c a l of t a l c ) . A few o f t h e v e i n s c o n t a i n a t r a c e of c h a l c o p y r i t e 
as g r a i n s up t o 0.05 mm i n s i z e . 

A few v e i n s up t o 0.2 mm wide a r e dominated by v e r y f i n e t o f i n e 
g r a i n e d t a l c . T a l c a l s o forms e x t r e m e l y f i n e g r a i n e d v e i n l e t s and 
seams, i n p a r t a s s o c i a t e d w i t h c a r b o n a t e ; i n t h e s e , t a l c i s p a l e brown 
i n c o l o r , s u g g e s t i n g t h a t t h e brown m i n e r a l d e s c r i b e d above a l s o may 
be t a l c . 

One banded v e i n l e t up t o 0.1 mm wide c o n s i s t s of f i n e l y banded, 
l i g h t brown, c r y p t o c r y s t a l l i n e t a l c ( ? ) • Apparent age r e l a t i o n s a r e 
ambiguous. T h i s v e i n c u t s a v e i n of c o a r s e r g r a i n e d t a l c and i t s e l f 
i s c u t by an e x t r e m e l y f i n e g r a i n e d c a r b o n a t e v e i n , which appears t o 
be c u t by t h e c o a r s e r g r a i n e d t a l c v e i n ! 



87-B-3 301 Metamorphosed D a c i t e C r y s t a l T u f f , c u t by 
Q u a r t z - D o l o m i t e v e i n s 

The r o c k c o n t a i n f r agments of p l a g i o c l a s e and q u a r t z c r y s t a l s i n 
an e x t r e m e l y f i n e g r a i n e d groundmass of p l a g i o c l a s e - q u a r t z and l e s s e r 
s e r i c i t e and a n k e r i t e . I t i s c u t by a few v e i n s of q u a r t z - d o l o m i t e . 
In t h e hand sample (not i n the t h i n s e c t i o n ) a r e v e i n s up t o 2.5 mm 
wide of f i n e g r a i n e d d o l o m i t e - q u a r t z . 

fragments 
p l a g i o c l a s e 30-35% 
q u a r t z 8-10 
c h e r t y a n d e s i t e ( ? ) 0.3 
T i - o x i d e 0.3 
z i r c o n t r a c e 

groundmass 
p l a g i o c l a s e - q u a r t z 35-40 
s e r i c i t e 4- 5 
a n k e r i t e 4- 5 
pyr i t e 0.3 
carbonaceous opaque 0.5 
g r a p h i t e minor 
c h a l c o p y r i t e t r a c e 

v e i n s 
q u a r t z - d o l o m i t e - ( a p a t i t e - k a o l i n i t e ) 5- 7 

p l a g i o c l a s e and q u a r t z form s u b a n g u l a r g r a i n s a v e r a g i n g 0.1-0.25 
mm i n s i z e , w i t h a few up t o 0.5 mm a c r o s s . P l a g i o c l a s e i s a l t e r e d 
s l i g h t l y t o m o d e r a t e l y t o s e r i c i t e . 

A few fragments a r e of e x t r e m e l y f i n e g r a i n e d p l a g i o c l a s e / q u a r t z 
w i t h minor t o m o d e r a t e l y abundant d u s t y opaque; t h e s e may be fragments 
of i n t e r m e d i a t e v o l c a n i c r o c k s . 

Z i r c o n forms a v e r y few a n h e d r a l g r a i n s up t o 0.05 mm i n s i z e . 

The groundmass i s dominated by e x t r e m e l y f i n e g r a i n e d p l a g i o c l a s e 
and l e s s e r q u a r t z , w i t h minor t o m o d e r a t e l y abundant s e r i c i t e and 
l e s s e r a n k e r i t e . 

p y r i t e forms p a t c h e s up t o 0.2 mm l o n g of 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 , and 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 0.03-0.08 mm a c r o s s . A 
few s p h e r o i d a l p a t c h e s up t o 0.5 mm a c r o s s a r e of f r a m b o i d a l , 
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 ( l e s s t h a n 0.002 mm). One p a t c h 0.1 mm 
a c r o s s c o n s i s t s of abundant t i n y f r a m b o i d a l a g g r e g a t e s . 

T i - o x i d e forms l e n s e s from 0.1-0.25 mm l o n g of e x t r e m e l y f i n e 
g r a i n e d t o l o c a l l y 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 . 

Carbonaceous opaque forms w i s p y seams up t o 0.05 mm wide 
c o n c e n t r a t e d i n a zone up t o 1 mm w i d e , i n t h i s zone, g r a p h i t e forms 
a few seams up t o 0.5 mm i n l e n g t h of f l a k e s up t o 0.07 mm a c r o s s . 

S e v e r a l v e i n s a v e r a g i n g 0.2-0.7 mm wide c o n s i s t o f v e r y f i n e 
g r a i n e d q u a r t z and c a r b o n a t e i n v a r y i n g p r o p o r t i o n s . One v e i n 
c o n t a i n s a few g r a i n s o f a p a t i t e up t o 0.25 mm l o n g , and a few p a t c h e s 
up t o 0.15 mm a c r o s s of e x t r e m e l y f i n e g r a i n e d k a o l i n i t e . A few v e i n s 
c o n t a i n minor c h a l c o p y r i t e g r a i n s up t o 0.05 mm i n s i z e . Numerous 
v e i n l e t s up t o 0.1 mm i n w i d t h a r e of e x t r e m e l y t o v e r y f i n e g r a i n e d 
c a r b o n a t e . 



87-B-3 481 D o l o m i t e - Q u a r t z A l t e r a t i o n o f U l t r a m a f i c Rock; 
R e p l a c e d by Q u a r t z and c u t by Q u a r t z - D o l o m i t e V e i n s 

The r o c k i s p a t c h y i n t e x t u r e and c o n s i s t s of d o l o m i t e w i t h much 
l e s s , commonly c h e r t y q u a r t z . Minor r e l i c c h r o m i t e p a t c h e s 
i n d i c a t e t h a t t h e p a r e n t r o c k was u l t r a m a f i c . The r o c k i s r e p l a c e d by 
i r r e g u l a r p a t c h e s of v e r y f i n e t o f i n e g r a i n e d q u a r t z , and c u t by a 
few v e i n s up t o 1 mm wide of c o a r s e r g r a i n e d q u a r t z and d o l o m i t e . 

d o l o m i t e 60-65% 
q u a r t z 4- 5 
c h r o m i t e 0.2 
p y r i t e 0.2 
a r s e n o p y r i t e 0.1 
m a g n e t i t e / 1 i m o n i t e 0.2 
T i - o x i d e minor 
v e i n s 
q u a r t z 25-30 
d o l o m i t e 3- 4 
c h a l c e d o n y minor 

D o l o m i t e forms a v e r y f i n e g r a i n e d , m o d e r a t e l y t o w e l l f o l i a t e d 
a g g r e g a t e , w i t h l o c a l c o a r s e r g r a i n s up t o 0.3 mm i n s i z e . i n t e r g r o w n 
w i t h d o l o m i t e a r e minor p a t c h e s of 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 
up t o 1 mm i n l e n g t h . 

Chromite o c c u r s i n one l e n s y p a t c h 1.2 mm l o n g as fragments up t o 
0.1 mm i n s i z e surrounded by s o f t , n o n - r e f l e c t i v e , e x t r e m e l y f i n e 
g r a i n e d opaque. I t s pr e s e n c e i n d i c a t e s t h a t the o r i g i n a l r o c k was 
u l t r a m a f i c . A second l e n s 0.6 mm l o n g c o n t a i n s abundant fragments of 
m a g n e t i t e a v e r a g i n g 0.005-0.02 mm i n s i z e surrounded by dense, 
n o n - r e f l e c t i v e opaque. T e x t u r e s a r e s i m i l a r t o those i n the 
c h r o m i t e - r i c h l e n s , suggested t h a t t h e m a g n e t i t e may have been formed 
by replacement of c h r o m i t e . 

p y r i t e and a r s e n o p y r i t e each form 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 0.02-0.05 mm i n s i z e . A few e u h e d r a l p y r i t e 
g r a i n s a r e up t o 0.18 mm a c r o s s . P y r i t e i s c o n c e n t r a t e d m o d e r a t e l y i n 
one p a t c h up t o 0.6 mm a c r o s s , i n which i t forms a n h e d r a l g r a i n s from 
0.01-0.07 mm i n s i z e . A r s e n o p y r i t e i s c o n c e n t r a t e d m o d e r a t e l y i n a 
few wispy seams as g r a i n s from 0.005-0.01 mm i n s i z e . 

T i - o x i d e i s c o n c e n t r a t e d i n a c l u s t e r 0.3 mm a c r o s s of a n h e d r a l 
g r a i n s up t o 0.04 mm a c r o s s . 

V e i n s up t o 1 mm i n w i d t h c o n s i s t 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 and d o l o m i t e . F i n e r g r a i n e d q u a r t z forms replacement p a t c h e s , 
i n p a r t a s s o c i a t i o n w i t h and g r a d i n g t e x t u r a l and s p a t i a l l y i n t o t he 
v e i n s . One v e i n c o n t a i n s a band of e x t r e m e l y f i n e g r a i n e d d o l o m i t e 
and q u a r t z ; a s s o c i a t e d w i t h d o l o m i t e i s a seam c o n t a i n i n g abundant 
e x t r e m e l y f i n e g r a i n e d a r s e n o p y r i t e . 

L o c a l l y , v e i n s c o n t a i n p a t c h e s of v e r y f i n e g r a i n e d c h a l c e d o n y up 
t o 0.3 mm i n s i z e . 



87-B - 3 487 D o l o m i t e - Q u a r t z - S e r i c i t e - A l t e r e d U l t r a m a f i c Rock; 
Cut by D o l o m i t e - ( Q u a r t z - K a o l i n i t e ) V e i n s 

The r o c k i s s t r o n g l y sheared and m o d e r a t e l y warped t o l o c a l l y 
t i g h t l y f o l d e d . I t c o n s i s t s of v e r y f i n e l y banded d o l o m i t i c and much 
l e s s q u a r t z , w i t h a few seams r i c h i n s e r i c i t e . A few r e l i c l e n s e s of 
c h r o m i t e i n d i c a t e t h a t the p a r e n t r o c k was u l t r a m a f i c . V e i n l e t s a r e 
dominated by d o l o m i t e , w i t h l e s s e r q u a r t z and/or k a o l i n i t e . 

d o l o m i t e 70-75% 
q u a r t z 12-15 
s e r i c i t e 5- 7 
c h r o m i t e 0.1 
p y r i t e / m a r c a s i t e 0.3 
a r s e n o p y r i t e 0.1 
T i - o x i d e 0.1 
v e i n s and v e i n l e t s 
d o l o m i t e 7- 8 
k a o l i n i t e 1 
q u a r t z 1 
m a r c a s i t e / p y r i t e minor 

D o l o m i t e forms 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 a g g r e g a t e s 
v a r i a b l y i n t e r g r o w n w i t h seams r i c h i n q u a r t z and/or s e r i c i t e . 
D o l o m i t i c forms i r r e g u l a r c o a r s e r g r a i n e d p a t c h e s and l e n s 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 . 

Q u a r t z forms a v a r i e t y of t e x t u r e s . Many seams and l e n s e s a r e 
e x t r e m e l y f i n e g r a i n e d , and show t e x t u r e s i n d i c a t i v e of s t r o n g 
s h e a r i n g . Q u a r t z forms a few v e r y f i n e g r a i n e d p a t c h e s a v e r a g i n g 
0.3-0.8 mm i n s i z e ; t he o r i g i n of t h e s e i s u n c e r t a i n . 

S e r i c i t e i s c o n c e n t r a t e d i n a few seams up t o 1 mm w i d e , m a i n l y 
i n t e r g r o w n w i t h q u a r t z . T i g h t f o l d s on the s c a l e of 0.3-1 mm a r e b e s t 
d e f i n e d by t h i n i n t e r b a n d e d zones of q u a r t z - s e r i c i t e and d o l o m i t e . 

C h r omite forms a few l e n s e s up t o 1 mm l o n g c o n t a i n i n g equant 
a n g u l a r fragments from 0.02-0.07 mm i n s i z e . The m a t r i x between the 
fragments i s e x t r e m e l y f i n e g r a i n e d d o l o m i t e . 

P y r i t e and much l e s s a r s e n o p y r i t e form 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 0.02-0.07 mm i n s i z e . A few l e n s e s up t o 
0.4 mm l o n g c o n s i s t of 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 of 
a r s e n o p y r i t e and m a r c a s i t e . A few o p a q u e - r i c h seams p a r a l l e l t o 
f o l i a t i o n c o n t a i n abundant p y r i t e g r a i n s a v e r a g i n g 0.005 mm i n s i z e . 

T i - o x i d e forms s c a t t e r e d g r a i n s up t o 0.1 mm i n s i z e , and 
c l u s t e r s up t o 0.15 mm i n s i z e of e x t r e m e l y f i n e g r a i n s . 

The r o c k i s c u t by numerous v e i n l e t s a v e r a g i n g 0.05-0.4 mm i n 
w i d t h of d o l o m i t e . A few of t h e s e a t one end c r o s s c u t t h e f o l i a t i o n , 
and appear t o be s l i g h t l y s t r a i n e d . L a r g e r v e i n s up t o a few mm 
a c r o s s o c c u r i n t h e hand sample. 

One l e n s y v e i n up t o 1 mm wide has an o u t e r zone o f v e r y f i n e 
g r a i n e d d o l o m i t e , and a c o r e up t o 0.6 mm wide of e x t r e m e l y f i n e 
g r a i n e d (0.002-0.005 mm) k a o l i n i t e w i t h s c a t t e r e d t o m o d e r a t e l y 
abundant p a t c h e s of d o l o m i t e . F u r t h e r e d a l o n g t h i s v e i n a r e c l u s t e r s 
up t o 0.4 mm l o n g of v e r y f i n e g r a i n e d m a r c a s i t e / p y r i t e . 

A few v e i n s a r e of v e r y f i n e g r a i n e d d o l o m i t e and q u a r t z . 
One v e i n a v e r a g i n g 0.1-0.2 mm wide and dominated by v e r y f i n e 

g r a i n e d q u a r t z c o n t a i n s a few p a t c h e s up t o 0.1 mm a c r o s s of e x t r e m e l y 
f i n e g r a i n e d k a o l i n i t e . 


