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Summary: 

Samples a r e grouped as f o l l o w s : 

1) D i o r i t e - r i c h 

a) D i o r i t e 

02- 218.7 p l a g i o c l a s e megacrysts i n groundmass of f i n e r g r a i n e d 
p l a g i o c l a s e , a c t i n o l i t e / t r e m o l i t e ; deformed; 
v e i n l e t s of a c t i n o l i t e / t r e m o l i t e 

03- 95.8 p l a g i o c l a s e w i t h minor b i o t i t e , i l m e n i t e , a p a t i t e ; 
( t y p i c a l of much of d i o r i t e i n b r e c c i a s ) ; s t r o n g l y 
a l t e r e d ; q u a r t z p y r i t e r e p l a c e m e n t ; v e i n s of 
q u a r t z - s p h a l e r i t e - p y r i t e - c h l o r i t e 

b) Breccia dominated by Di o r i t e and lesser Andesite Fragments 

03-89.7 g r a n u l a t e d groundmass; v e i n s of c a l c i t e - q u a r t z 
K - f e l d s p a r - ( p y r i t e - c h l o r i t e ) 

03- 101.3 d i o r i t e s t r o n g l y a l t e r e d ; m a t r i x of 
q u a r t z - p y r i t e - ( s p h a l e r i t e ) 

04- 148.5 m a t r i x of g r a n u l a t e d h o s t r o c k s , p a t c h e s of 
c a l c i t e - o p a q u e 

c) Breccia: strongly altered, o r i g i n of fragments uncertain 

03- 107.5 a n d e s i t e and minor d i o r i t e f r a g m e n t s , s t r o n g l y 
a l t e r e d ; m a t r i x of q u a r t z - d o l o m i t e - ( p y r i t e - c h l o r i t e ) 

04- 216.5 fragments of a n d e s i t e / d a c i t e and minor d i o r i t e ; 
m a t r i x of p y r i t e - q u a r t z - a n k e r i t e - p y r r h o t i t e 
- s p h a l e r i t e - ( c h l o r i t e ) w i t h t r a c e of e l e c t r u m and 
a r g e n t i t e 

2) Altered F e l s i c Breccia 

fragments dominated by f e l s i c v o l c a n i c r o c k s 

02-97 m a t r i x of q u a r t z - c a l c i t e - ( p y r i t e - K - f e l d s p a r -
s e r i c i t e - c h l o r i t e ) 
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03- 91.5 m a t r i x of q u a r t z - ( s p h a l e r i t e - p y r i t e - d o l o m i t e / 
a n k e r i t e - ( s e r i c i t e ) 

04- 240.5 numerous fragment t y p e s ; m a t r i x of q u a r t z - c a l c i t e -
( p y r i t e - s e r i c i t e ) 

04-253 s t r o n g l y a l t e r e d fragments; q u a r t z - c h l o r i t e 
r eplacement p a t c h e s ; replacement v e i n of q u a r t z -
p y r i t e - ( s p h a l e r i t e - p y r r h o t i t e - c a l c i t e ) w i t h minor 
c h a l c o p y r i t e and g a l e n a and t r a c e n a t i v e s i l v e r ( ? ) 
a r g e n t i t e , e l e c t r u m , and a r s e n o p y r i t e 

3) Altered Dacite 

02-57 minor a l t e r e d hornblende p h e n o c r y s t s i n groundmass 
of s e r i c i t e - q u a r t z - ( d o l o m i t e - p y r i t e ) ; v e i n s of 
q u a r t z - p y r i t e - ( d o l o m i t e - s p h a l e r i t e ) w i t h minor 
a r s e n o p y r i t e , g a l e n a , and c h a l c o p y r i t e , and t r a c e 
t e t r a h e d r i t e and e l e c t r u m 

04-236 p h e n o c r y s t s of p l a g i o c l a s e , b i o t i t e , and q u a r t z i n 
groundmass of p l a g i o c l a s e - s e r i c i t e - d o l o m i t e -
( q u a r t z - p y r i t e - K - f e l d s p a r - T i - o x i d e ) ; v e i n l e t of 
d o l o m i t e 

4) Andesite Flow or Dike (one Tuff sample) 

02- 29.2 p l a g i o c l a s e - c h l o r i t e - a n k e r i t e , banded; minor 
amygdules of a n k e r i t e 

03- 49 minor p l a g i o c l a s e p h e n o c r y s t s , groundmass of 
p l a g i o c l a s e - c a l c i t e - ( c h l o r i t e - o p a q u e ) ; v e i n s of 
c a l c i t e - ( q u a r t z - p y r i t e ) and s e r i c i t e 

03-73 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 h o r n b l e n d e 
i n groundmass of p l a g i o c l a s e ( a l t e r e d t o c a l c i t e -
s e r i c i t e ) , m i c a , minor opaque; seams of s e r i c i t e ; 
v e i n l e t s of a l b i t e , and of c a l c i t e - ( p y r i t e ) 

03-81 (fragments) minor p h e n o c r y s t s of p l a g i o c l a s e and 
h o r n b l e n d e i n groundmass of p l a g i o c l a s e - ( b i o t i t e -
d o l o m i t e ) ; replacement p a t c h e s of c a l c i t e - q u a r t z 

03-88 a l t e r e d t u f f : fragments of p l a g i o c l a s e and minor 
h o r n b l e n d e and d a c i t e ; groundmass of s e r i c i t e -
c a l c i t e - ( q u a r t z - c h l o r i t e - p y r i t e ) ; v e i n of 
c a l c i t e - p y r i t e 

03-92.3 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 l e s s 
h o r n b l e n d e and minor q u a r t z ; groundmass of 
p l a g i o c l a s e - ( s e r i c i t e - a n k e r i t e ) 

5) Chert-rich rocks 

a) Massive 

10-77 c h e r t w i t h q u a r t z v e i n l e t s ; main v e i n of q u a r t z -
c a l c i t e - ( c h l o r i t e - s p h a l e r i t e - g a l e n a - M i n e r a l X 
[= b o u l a n g e r i t e ? ] w i t h minor c h a l c o p y r i t e , 
t e t r a h e d r i t e , and p y r i t e , and t r a c e a r s e n o p y r i t e 
and e l e c t r u m 



b) Littaic Sandstone, Pebble Breccia dominated by Chert 

11-135.6 l a y e r e d l i t h i c s a n d s t o n e , p e b b l e b r e c c i a ; 
replacement patches of p y r i t e - ( t r e m o l i t e ) , 
q u a r t z - s e r i c i t e , and p y r i t e - c a l c i t e -
quar t z - ( t r e m o l i t e ) 

11-243 c h e r t and l e s s e r a n d e s i t e and d i o r i t e fragments i n 
pebble b r e c c i a ; groundmass of c a l c i t e - ( q u a r t z -
p y r i t e ) ; v e i n l e t s of c a l c i t e - q u a r t z - g y p s u m 

6) Late Andesite Dike 

03-81 minor p l a g i o c l a s e p h e n o c r y s t s i n groundmass of 
p l a g i o c l a s e - c a l c i t e ; b o r d e r zone w i t h s p h e r u l i t i c 
p y r i t e and replacement p a t c h e s c a l c i t e ; l a t e 
v e i n l e t s of c a l c i t e 

7) Late(?) Rhyolite/Daeite Dike 

11-101 fragments of p o r p h y r i t i c r h y o l i t e and minor c h e r t -
opaque-epidote i n groundmass of p o r p h y r i t i c d a c i t e 
replacement p a t c h of c a l c i t e - p y r i t e - ( c h l o r i t e ) 

604-986-2928 



Sample 02-29.2 Altered Andesite Flow or Dike 

The sample i s a banded, v e r y f i n e t o f i n e g r a i n e d a n d e s i t e f l o w 
or d i k e dominated by p l a g i o c l a s e w i t h p a t c h e s of a n k e r i t e and 
c h l o r i t e , and minor d i s s e m i n a t e d opaque ( p y r i t e ? ) and T i - o x i d e . I t 
c o n t a i n s a few amygdule dominated by a n k e r i t e or c a l c i t e , l o c a l l y w i t h 
c h l o r i t e or q u a r t z . 

p l a g i o c l a s e 58-63 
c h l o r i t e 10-12 
a n k e r i t e 25-30 
T i - o x i d e 1- 2 
opaque ( p y r i t e ? ) 0.5 
amygdules 
a n k e r i t e 1- 2 
c a l c i t e 0.3 
c h l o r i t e 0.1 
q u a r t z minor 

P l a g i o c l a s e o c c u r s i n two main modes. I t forms u n o r i e n t e d , l a t h y 
g r a i n s which a t one end of the s e c t i o n average 0.05-0.15 mm i n l e n g t h , 
and which i n c r e a s e r a p i d l y i n g r a i n s i z e t o an average of 0.2-0.3 mm 
at the o t h e r end, w i t h a few up t o 0.5 mm l o n g . Less abundant 
p l a g i o c l a s e o c c u r s as a n h e d r a l , i n t e r s t i t i a l 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 . 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 
to 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 f l a k e s . 

C h l o r i t e forms i n t e r s t i t i a l p a t ches a v e r a g i n g 0.02-0.05 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 i n t e r g r o w n c o a r s e l y w i t h groundmass 
p l a g i o c l a s e . 

A n k e r 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 0.07-0.1 mm i n s i z e ; i t 
p r o b a b l y i s a replacement of m a f i c g r a i n s . 

T i - o x i d e forms d i s s e m i n a t e d patches a v e r a g i n g 0.005-0.015 mm i n 
s i z e , m a i n l y i n t e r g r o w n w i t h groundmass c h l o r i t e . 

Opaque 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 0.03-0.08 mm 
i n s i z e . 

A few p a t c h e s up t o 1.2 mm i n s i z e p r o b a b l y are amygdules. Some 
c o n s i s t of f i n e g r a i n e d , m o d e r a t e l y s t r a i n e d a n k e r i t e . A few c o n s i s t 
of c a l c i t e i n t e r g r o w n w i t h l e s s e r c h l o r i t e . A few c o n t a i n minor zones 
of v e r y f i n e g r a i n e d q u a r t z . 



Sample 02-57 Altered Dacite(?), Disseminated p y r i t e porphyroblasts; 
Veins of Quartz-Pyrite-Dolomite-Sphalerite-(Muscovite) 

The r o c k i s s t r o n g l y a l t e r e d , and l i t t l e o r i g i n a l t e x t u r e i s 
p r e s e r v e d . I t i s dominated by s e r i c i t e w i t h l e s s e r q u a r t z and much 
l e s s d o l o m i t e , w i t h m o d e r a t e l y abundant p y r i t e p o r p h y r o b l a s t s . V e i n s 
and replacement p a t c h e s are of q u a r t z - p y r i t e - d o l o m i t e - s p h a l e r i t e -
( m u s c o v i t e - g a l e n a - c h a l c o p y r i t e ) w i t h a t r a c e of e l e c t r u m and 
t e t r a h e d r i t e ( ? ) . 

p h e n o c r y s t s 
h o r n b l e n d e 0.3% 

groundmass 
se r i c i t e 30-35% 
q u a r t z 15-17 
dolomi t e 4- 5 
pyr i t e 5- 7 
T i - o x i d e 0.7 

v e i n s and v e i n l e t s 
q u a r t z 15-17 arsenopyr i t e 0.2% 
p y r i t e 5- 7 g a l e n a 0.1 
d o l o m i t e 2- 3 c h a l c o p y r i t e minor 
muscovi t e 0.3 t e t r a h e d r i t e t r a c e 
s p h a l e r i t e 2- 3 e l e c t r u m t r a c e 

Hornblende(?) forms a c l u s t e r of p r i s m a t i c p h e n o c r y s t s up t o 0.9 
mm i n l e n g t h . i t i s a l t e r e d c o m p l e t e l y t o i r r e g u l a r , 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 of q u a r t z , w i t h minor ragged p a t c h e s of s e r i c i t e 
and of T i - o x i d e , and c o n t a i n s i n c l u s i o n s up t o 0.05 mm l o n g of 
apat i t e . 

S e r i c i t e forms e x t r e m e l y f i n e to l o c a l l y v e r y f i n e g r a i n e d 
u n o r i e n t e d a g g r e g a t e s . M u s c o v i t e forms a few equant 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 0.07-0.1 mm i n l e n g t h , and l o c a l l y up to 
0.3 mm a c r o s s . 

Quartz forms i r r e g u l a r , 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 a v e r a g i n g 
0.3-0.7 mm i n s i z e , w i t h a few i r r e g u l a r p a t c h e s and l e n s e s up t o 2 mm 
a c r o s s . These c o n t a i n m o d e r a t e l y abundant d u s t y T i - o x i d e / o p a q u e , and 
l e s s commonly c o n t a i n c l u s t e r s of p y r i t e g r a i n s a v e r a g i n g 0.02-0.03 mm 
i n g r a i n s i z e . The l a r g e r patches c o n t a i n minor t o m o d e r a t e l y 
abundant d i s s e m i n a t e d p a t c h e s a v e r a g i n g 0.03-0.08 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 e d a n k e r i t e . Very f i n e g r a i n e d p a t c h e s and 
v e i n l e t s of q u a r t z p r o b a b l y a r e l a r g e l y of replacement o r i g i n . 

C a l c i t e forms s c a t t e r e d patches up t o 0.2 mm i n s i z e of v e r y f i n e 
t o f i n e g r a i n s . 

P y r i t e forms p o r p h y r o b l a s t s a v e r a g i n g 1-1.5 mm i n s i z e . Many 
have t h i n o vergrowths of d o l o m i t e g r a i n s , i n p a r t o r i e n t e d 
p e r p e n d i c u l a r t o p y r i t e c r y s t a l f a c e s . i n c l u s i o n s a r e as i n p y r i t e 
g r a i n s i n the v e i n s and replacement patches (see b e l o w ) . P y r i t e i n 
the host rock p r o b a b l y was formed at the same time as t h e v e i n s . 

T i - o x i d e forms d i s s e m i n a t e d patches up t o 0.2 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 i n t e r g r o w n w i t h s e r i c i t e . 

A p a t i t e forms a n 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 from 0.05-0.1 
mm i n l e n g t h . 

V e i n l e t s and replacement patches r a n g i n g from l e s s than 0.2 mm 
a c r o s s t o v e i n s up t o a few mm a c r o s s c o n s i s t 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 l c i t e . A few c o n t a i n m i n o r , v e r y f i n e 
g r a i n e d m u s c o v i t e f l a k e s i n t e r g r o w n w i t h c a l c i t e . 

( c o n t i n u e d ) 



! 
Sample 02-57 (page 2) 

P y r i t e forms abundant 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 
0.7-1.5 mm i n s i z e . I t i s s l i g h t l y a n i s o t r o p i c , s u g g e s t i n g a 
g r a d a t i o n towards a m a r c a s i t e s t r u c t u r e . They c o n t a i n minor t o 
l o c a l l y m o d e r a t e l y abundant i n c l u s i o n s of c h a l c o p y r i t e , g a l e n a , 
s p h a l e r i t e , and t r a c e t e t r a h e d r i t e ( ? ) a v e r a g i n g 0.02-0.05 mm i n s i z e . 
Many p y r i t e p a t c h e s c o n t a i n m i n o r , s u b h e d r a l i n c l u s i o n s of 
a r s e n o p y r i t e a v e r a g i n g 0.05-0.08 mm i n s i z e . p a l e y e l l o w e l e c t r u m 
forms one a n g u l a r i n c l u s i o n 0.015 mm i n s i z e away from s u l f i d e 
i n c l u s i o n s . 

S p h a l e r i t e forms i r r e g u l a r c o l o r l e s s t o medium orange g r a i n s from 
0.05-1.5 mm i n s i z e i n t e r g r o w n i n t i m a t e l y w i t h d o l o m i t e - m u s c o v i t e . A 
few p a t c h e s of s p h a l e r i t e up t o 2 mm i n s i z e a r e i n t e r s t i t i a l t o 
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 of q u a r t z up t o 1 mm i n s i z e . 
Some s p h a l e r i t e g r a i n s c o n t a i n minor e x s o l u t i o n l e n s e s of 
c h a l c o p y r i t e . 

Galena forms a g r a i n 0.5 mm a c r o s s a s s o c i a t e d w i t h s p h a l e r i t e , 
and much s m a l l e r g r a i n s nearby i n t e r g r o w n w i t h q u a r t z , c h a l c o p y r i t e . 

C h a l c o p y r i t e forms a few g r a i n s up t o 0.03 mm i n s i z e o u t s i d e 
p y r i t e or s p h a l e r i t e . 



Sample 02-97 Altered F e l s i c Breccia: Groundmass of 
Quartz-Calcite-(pyrite-Chlorite-Sericite) 

The r o c k c o n t a i n s fragments up t o a few cm a c r o s s of a wide 
v a r i e t y of f e l s i c r o c k t y p e s i n a patchy groundmass dominated by 
q u a r t z and c a l c i t e w i t h l e s s e r p y r i t e and minor s e r i c i t e and c h l o r i t e . 
Some fragments were r e p l a c e d p a r t l y by q u a r t z , and t h e i r o u t l i n e s were 
o b i i t e r a t e d . 

fragments 
p o r p h y r i t i c l a t i t e 20-25% 
n o n - p o r p h y r i t i c l a t i t e 25-30 
p o r p h y r i t i c d a c i t e 1 
c h e r t 1- 2 

groundmass and replacement 
q u a r t z 25-30 
c a l c i t e 12-15 
p y r i t e 3- 4 
K - f e l d s p a r 2- 3 
s e r i c i t e 1- 2 
c h l o r i t e 1- 2 
m u s c o v i t e minor 

The p o r p h y r i t i c l a t i t e c o n t a i n s 10-15% p h e n o c r y s t s of p l a g i o c l a s e 
from 0.2-0.8 mm i n s i z e and l e s s e r ones of hornblende up t o 1.7 mm i n 
s i z e and T i - o x i d e 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 
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 , i n p a r t w i t h p a t c h e s of 
c a l c i t e . Hornblende 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 
a g g r e g a t e s of q u a r t z - ( s e r i c i t e - c h l o r i t e ) or s e r i c i t e w i t h p a t c h e s of 
c h l o r i t e and ri m s of c a l c i t e . Both c o n t a i n minor p a t c h e s of T i - o x i d e 
and i n c l u s i o n s of a p a t i t e . T i - o x i d e patches p r o b a b l y a r e secondary 
a f t e r i l m e n i t e . A p a t i t e forms a few e u h e d r a l p h e n o c r y s t s up t o 0.25 
mm i n l e n g t h . 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 w i t h d i s s e m i n a t e d patches of T i - o x i d e and of c a l c i t e , and 
minor a p a t i t e and T i - o x i d e . 

A few fragments up t o 1.7 mm i n s i z e of n o n - p o r p h y r i t i c 
l a t i t e / d a c i t e a r e dominated by v e r y f i n e g r a i n e d p l a g i o c l a s e a l t e r e d 
s t r o n g l y t o 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 and much l e s s s e r i c i t e , 
w i t h abundant d i s s e m i n a t e d , ragged patches of T i - o x i d e . 

Many fragments of n o n - p o r p h y r i t i c l a t i t e a re 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 , w i t h s c a t t e r e d p o r p h y r o b l a s t s of 
d o l o m i t e and minor m u s c o v i t e , and i r r e g u l a r patches of c h l o r i t e . A 
few fragments c o n t a i n p y r i t e p o r p h y r o b l a s t s from 0.7-1.5 mm i n s i z e ; 
many of t h e s e have t h i n p a r t i a l rims of c a r b o n a t e . A few fragments 
c o n t a i n much more abundant p a t c h e s of c a r b o n a t e and of c h l o r i t e ; some 
of t h e s e c o n t a i n ragged p o r p h y r o b l a s t s of car b o n a t e up t o 0.7 mm 
a c r o s s . A few fragments c o n t a i n minor p h e n o c r y s t s of b i o t i t e r e p l a c e d 
by m u s c o v i t e - ( T i - o x i d e ) . Other s i m i l a r ones are l e s s s t r o n g l y 
a l t e r e d , and c o n t a i n groundmass p l a g i o c l a s e a v e r a g i n g 0.02-0.05 mm i n 
s i z e 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 . 

One fragment c o n t a i n s a subangular p h e n o c r y s t of q u a r t z 0.8 mm 
a c r o s s i n a groundmass dominated by p l a g i o c l a s e - q u a r t z a v e r a g i n g 
0.01-0.03 mm i n g r a i n s i z e . 

In one fragment r e p l a c e d m o d e r a t e l y by q u a r t z , a p a t i t e i s 
c o n c e n t r a t e d i n an i r r e g u l a r l e n s 1.2 mm l o n g as a n h e d r a l , f r a c t u r e d 
g r a i n s up t o 0.3 mm i n s i z e . 

One c h e r t fragment 1.7 mm l o n g 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 , i n t e r l o c k i n g g r a i n s of q u a r t z , w i t h m o d e r a t e l y abundant 
c r y p t o c r y s t a l l i n e t o v e r y f i n e g r a i n e d patches of a n k e r i t e and a few 
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 of p y r i t e up t o 0.15 mm i n s i z e . 

( c ontinued) 
... I 



Sample 02-97 (page 2) 

S e v e r a l f r a g m e n t s , e s p e c i a l l y i n one c o r n e r of the s e c t i o n 
c o n t a i n m o d e r a t e l y abundant K - f e l d s p a r , i n p a r t c o n c e n t r a t e d a l o n g 
b o r d e r s of f r a g m e n t s . K - f e l d s p a r p r o b a b l y i s l a r g e l y of secondary 
o r i g i n , a s s o c i a t e d w i t h the b r e c c i a m a t r i x . 

The groundmass i s dominated by aggregates of q u a r t z a v e r a g i n g 
0.02-0.03 mm i n g r a i n s i z e w i t h minor i n t e r s t i t i a l 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 s e r i c i t e and c a l c i t e . A few pa t c h e s up t o 0. 
mm a c r o s s c o n s i s t of q u a r t z 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 wi 
minor c a l c i t e and p y r i t e . 

Some p a t c h e s up t o a few mm a c r o s s a r e dominated by c a l c i t e 
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 , w i t h a few g r a i n s up t o 0.3 mm 
a c r o s s . 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 0.05-0. 
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 , m a i n l y a s s o c i a t e d w i t h 
c a l c i t e . 

C h l o r i t e forms i r r e g u l a r , v e r y f i n e g r a i n e d p a t c h e s b o r d e r i n g 
c a l c i t e - r i c h p a t c h e s . M u s c o v i t e forms s c a t t e r e d f l a k e s a v e r a g i n g 
0.05-0.1 mm l o n g i n c a l c i t e - r i c h p a t c h e s . 

A few fragments each a r e c u t by a d i s c o n t i n u o u s v e i n l e t up t o 
0.08 mm wide of c a l c i t e . 



Sample 02-218,7 Deformed porphyritic D i o r i t e ; 
Actinolite/Tremolite Veinlets 

The r o c k i s dominated by medium g r a i n e d p l a g i o c l a s e g r a i n s 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 and a c t i n o l i t e / t r e m o l i t e , 
w i t h minor T i - o x i d e . The rock was deformed m o d e r a t e l y ; much of the 
groundmass may be g r a n u l a t e d fragments of o r i g i n a l c o a r s e r g r a i n s . 
V e i n l e t s a r e of a c t i n o l i t e / t r e m o l i t e as i n the groundmass. 

m e g a c r y s t s 
p l a g i o c l a s e 35-40% 

groundmass 
p l a g i o c l a s e 25-30 
a c t i n o l i t e / t r e m o l i t e 25-30 
T i - o x i d e 1- 2 
opaque 0.3 

l e n s 
p r e h n i t e ( ? ) 0.7 

v e i n l e t s 
a c t i n o l i t e 2- 3 

P l a g i o c l a s 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 0.5-1.2 
mm i n s i z e . C o m p o s i t i o n i s i n the a n desine range. Some g r a i n s are 
s t r a i n e d m o d e r a t e l y and deformed s l i g h t l y . A l t e r a t i o n i s 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 w i t h minor c o n c e n t r a t i o n s 
of a c t i n o l i t e / t r e m o l i t e and a v e r y few patches of e p i d o t e . 

The groundmass i s p a t c h y and dominated by zones r i c h i n 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 , and o t h e r 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 a c t i n o l i t e / t r e m o l i t e . A c t i n o l i t e / t r e m o l i t e i s p a l e t o 
l i g h t g r e e n . 

T i - o x i d e and opaque ( i l m e n i t e ? ) form c l u s t e r s up t o 0.6 mm i n 
s i z e of 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 . Most ar e i n t e r g r o w n 
w i t h minor t o abundant 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/or 
a c t i n o l i t e / t r e m o l i t e . 

A p a t i t e forms equant, 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 , w i t h a few i r r e g u l a r g r a i n s up t o 0.1 mm i n s i z e . 

A l e n s 1.7 mm l o n g by 0.6 mm wide c o n s i s t s of a n 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 0.1-0.4 mm l o n g of p r e h n i t e ( ? ) . 

The r o c k i s c u t by s e v e r a l f r a c t u r e s , some of which are f i l l e d 
p a r t l y by w i s p y , i n p a r t b r a i d e d v e i n l e t s up t o 0.1 mm wide of 
c r y p t o c r y s t a l l i n e t o v e r y f i n e g r a i n e d , p r i s m a t i c a c t i n o l i t e / t r e m o l i t e 
g r a i ns. 



Sample 03-49 Altered S l i g h t l y porphyritic Andesite Flow: Veins of 
Calcite-(Quartz-Pyrite) and of S e r i c i t e , and 
Veinlets of Quartz 

The rock c o n t a i n s p l a g i o c l a s e and minor hornblende (?) p h e n o c r y s t s 
i n a groundmass of u n o r i e n t e d , v e r y f i n e t o f i n e g r a i n e d , l a t h y 
p l a g i o c l a s e g r a i n s and i n t e r s t i t i a l patches of c a l c i t e w i t h much l e s s 
c h l o r i t e and opaque. 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 - c a l c i t e . Abundant v e i n s and v e i n l e t s a re of c a l c i t e -
( q u a r t z - p y r i t e - c h l o r i t e ) , i n p a r t w i t h h a l o s of s e r i c i t e . A few 
d i f f u s e v e i n s are of s e r i c i t e - ( o p a q u e ) , and a few v e i n l e t s are of 
q u a r t z . 

p h e n o c r y s t s 
p l a g i o c l a s e 4- 5% 

groundmass 
p l a g i o c l a s e 60-65 
c a l c i t e 17-20 
c h l o r i t e 2- 3 
opaque 2- 3 

v e i n s and v e i n l e t s 
1) c a l c i t e 4- 5 2) s e r i c i t e 3- 4% 3) q u a r t z 0.3% 

q u a r t z 1- 2 opaque minor 
p y r i t e 0.3 

P l a g i o c l a s e p h e n o c r y s t s are s u b h e d r a l and equant, and up t o 1.7 
mm i n s i z e . A l t e r a t i o n i s moderate to 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 minor p a t c h e s and v e i n l e t s of c a l c i t e . 

A l e n s y p a t c h up t o 1.5 mm i n l o n g may be an a l t e r e d hornblende 
p h e n o c r y s t ; i t i s a l t e r e d c o m p l e t e l y t o 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 c h l o r i t e , c a l c i t e and q u a r t z , w i t h m o d e r a t e l y abundant 
d i s s e m i n a t e d patches of opaque. 

In the groundmass, p l a g i o c l a s e forms a n h e d r a l t o s u b h e d r a l l a t h y 
t o equant g r a i n s a v e r a g i n g 0.1-0.2 mm i n l e n g t h , w i t h a few up t o 0.5 
mm l o n g . I n t e r s t i t i a l t o t h e s e a r e patches of a n h e d r a l p l a g i o c l a s e 
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 . A l t e r a t i o n i s s l i g h t a t one end 
and grades t o moderate t o s t r o n g at the o t h e r 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 c a r b o n a t e . 

I n t e r s t i t i a l t o p l a g i o c l a s e are patches 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 , opaque and l e s s e r c h l o r i t e . 

A p a t i t e forms a few i r r e g u l a r g r a i n s up t o 0.2 mm i n s i z e . 

V e i n s up t o 1.2 mm wide are dominated by v e r y f i n e t o f i n e 
g r a i n e d c a l c i t e , w i t h 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 , and minor 
p a t c h e s and l e n s e s of v e r y f i n e g r a i n e d c h l o r i t e . i n some v e i n s , v e r y 
f i n e g r a i n e d q u a r t z o c c u r s a l o n g b o r d e r s , and medium t o c o a r s e g r a i n e d 
c a l c i t e o c c u r s i n the c o r e s . P y r i t e forms a few l e n s e s and p a t c h e s 
a v e r a g i n g 0.1-0.3 mm i n s i z e , w i t h a few up t o 0.8 mm l o n g . Some 
v e i n s have h a l o s up t o 0.1 mm wide on e i t h e r s i d e of the v e i n of 
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 . 

A few v e i n s w i t h d i f f u s e b o r d e r s a v e r a g i n g 0.5 mm wide are 
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 w i t h minor d u s t y t o 
e x t r e m e l y f i n e g r a i n e d , d i s s e m i n a t e d opaque. 

A few v e i n l e t s a v e r a g i n g 0.02-0.05 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 . 



Sample 03-73 Altered Metamorphosed Andesite with Seams of 
S e r i c i t e - P y r i t e , Lenses of A l b i t e , and Veins of 
Calcite-Pyrite-(Opaque) 

The r o c k i s a s l i g h t l y p o r p h y r i t i c a n d e s i t e which was 
metamorphosed and r e c r y s t a l l i z e d . p l a g i o c l a s e was a l t e r e d t o c a l c i t e , 
s e r i c i t e , and minor e p i d o t e . M a f i c m i n e r a l s were a l t e r e d t o s e r i c i t e / 
b i o t i t e - T i - o x i d e . E a r l y l e n s e s are of a l b i t e ; l a t e r (?) seams are of 
s e r i c i t e - o p a q u e , and l a t e r v e i n l e t s are of c a l c i t e and/or p y r 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 5- 7% 
h o r n b l e n d e (?) 1- 2 

groundmass 
p l a g i o c l a s e 35-40 
c a l c i t e 17-20 
s e r i c i t e 12-15 
e p i d o t e 1 

mica 8-10 
opaque 2- 3 

seams 
s e r i c i te-opaque 2- 3 

v e i n l e t s 
1) a l b i t e 1- 2 
2) c a l c i t e 2- 3 

p y r i t e 0.7 
q u a r t z 0.1 

P l a g i o c l a s e forms 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 t o equant 
p h e n o c r y s t s a v e r a g i n g 0.5-1.2 mm i n s i z e . These are s e t i n a 
groundmass dominated by p l a g i o c l a s e a v e r a g i n g 0.05-0.15 mm i n s i z e , 
w i t h l e s s e r b i o t i t e ( ? ) a v e r a g i n g 0.03-0.1 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 l o c a l l y s t r o n g l y t o 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 
and s e r i c i t e , w i t h l o c a l p a t c h e s up to 0.7 mm i n s i z e of ragged v e r y 
f i n e t o f i n e e p i d o t e g r a i n s . 

A few p h e n o c r y s t s of hornblende(?) are a l t e r e d c o m p l e t e l y t o 
s e r i c i t e , w i t h or w i t h o u t moderately abundant, d i s s e m i n a t e d , i r r e g u l a r 
p a t c h e s of opaque. 

In the groundmass, m a f i c g r a i n s ( p o s s i b l y o r i g i n a l l y hornblende 
or b i o t i t e ) a r e a l t e r e d t o p a l e t o medium brown, s e r i c i t e / b i o t i t e . 
Many g r a i n s c o n t a i n m o d e r a t e l y abundant, c r y p t o c r y s t a l l i n e T i - o x i d e 
i n c l u s i o n s , which g i v e the g r a i n s an apparent p l e o c h r o i s m from l i g h t 
brown t o n e a r l y opaque. 

Opaque forms a n h e d r a l patches a v e r a g i n g 0.03-0.07 mm i n s i z e . 

The r o c k i s a l t e r e d i n a few i r r e g u l a r seams 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 , p a l e brown s e r i c i t e / b i o t i t e . 

Lenses up t o 2 mm l o n g and 0.5 mm wide 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 , s l i g h t l y i n t e r l o c k i n g , p r i s m a t i c g r a i n s of u n a l t e r e d 
p l a g i o c l a s e , p r o b a b l y a l b i t e - o l i g o c l a s e . i n t e r s t i t i a l t o p l a g i o c l a s e 
i n some p a t c h e s i s minor 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 . 

V e i n s up t o 1.3 mm wide a r e dominated by 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 c a l c i t e w i t h minor t o m o d e r a t e l y abundant c l u s t e r s of 
v e r y f i n e g r a i n e d opaque ( p y r i t e ? ) . Medium t o l o c a l l y c o a r s e g r a i n e d 
c a l c i t e o c c u r s i n the c o r e s of v e i n s . One v e i n c o n t a i n s minor q u a r t z 
a l o n g b o r d e r s of t h e v e i n , and patches of p y r i t e e n c l o s e d i n c a l c i t e 
i n the c o r e . P y r i t e forms a few v e i n l e t s up t o a few mm l o n g and 0.3 
mm wide. 

- I 



Sample 03-81 Late Andesite Dike; Fragments of Andesite; 
C a l c i t e v e i n l e t s 

A l a t e a n d e s i t e d i k e w i t h a border zone c h a r a c t e r i z e d by 
r a d i a t i n g a g g r e g a t e s of p l a g i o c l a s e c o n t a i n s fragments of s l i g h t l y 
p o r p h y r i t i c a n d e s i t e r e p l a c e d m o d e r a t e l y by c a l c i t e - q u a r t z p a t c h e s and 
v e i n l e t s . C a l c i t e - ( o p a q u e ) forms a few d i s c o n t i n u o u s v e i n l e t s i n 
b o t h the fragments and t h e d i k e . 

andes 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 
h o r n b l e n d e 

groundmass 
replacement 
c a l c i t e 
q u a r t z 

l a t e v e i n s 
c a l c i t e 

17-20% 

1- 2 
2- 3 
8-10 

3- 4 
1- 2 

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

groundmass 
p l a g i o c l a s e 
c a l c i t e 
opaque 
Ti - o x i d e 
c h l o r i t e 

78-80% 

55-60 
17-20 
1- 2 

1 
0.3 

The a n d e s i t e 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 
h o r n b l e n d e ( ? ) a v e r a g i n g 0.8-1.2 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 
m o d e r a 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 and patches of d o l o m i t e . 
Hornblende(?) i s a l t e r e d c o m p l e t e l y 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 
of s u b p a r a l l e l f l a k e s of s e r i c i t e , w i t h minor t o m o d e r a t e l y abundant 
l e n s e s of opaque. The groundmass c o n t a i n s p l a g i o c l a s e and much l e s s 
b i o t i t e a v e r a g i n g 0.07-0.15 mm i n s i z e , w i t h l o c a l c o n c e n t r a t i o n s of 
d o l o m i t e / a n k e r i t e p a t c h e s and minor i n t e r s t i t i a l p a t c h e s of q u a r t z 
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 . B i o t i t e i s a l t e r e d t o 
pseudomorphic m u s c o v i t e and minor 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 l i m o n i t e . 

C a l c i t e and l e s s e r q u a r t z form i r r e g u l a r , f i n e t o v e r y f i n e 
g r a i n e d replacement p a t c h e s up t o 2 mm a c r o s s . 

A border zone of the d i k e up t o 1.5 mm wide i s c h a r a c t e r i z e d by 
s u b r a d i a t i n g t o s h e a f - l i k e c l u s t e r s of a c i c u l a r 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 0.15-0.2 mm i n diameter or l e n g t h . I n t e r s t i t i a l t o 
p l a g i o c l a s e g r a i n s i n the c l u s t e r s are c r y p t o c r y s t a l l i n e t r a i n s and 
p a t c h e s of T i - o x i d e . A p a t c h a few mm a c r o s s a l o n g the b o r d e r i s 
r e p l a c e d by an aggregate of c a l c i t e g r a i n s a v e r a g i n g 0.05-0.1 mm i n 
g r a i n s i z e w i t h much l e s s p a tches of a p a l e y e l l o w i s h green m i n e r a l 
w i t h low b i r e f r i n g e n c e ( p o s s i b l y c h l o r i t e ) ; much of the o r i g i n a l 
s u b r a d i a t i n g p l a g i o c l a s e t e x t u r e i s p r e s e r v e d . 

Away from the b o r d e r , the d i k e c o n t a i n s l a t h s of p l a g i o c l a s e 
a v e r a g i n g 0.1-0.15 mm i n l e n g t h , i n p a r t showing a s u b r a d i a t i n g 
t e x t u r e , and e n c l o s e d 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 , 
a n h e d r a l , equant p l a g i o c l a s e . A few c l u s t e r s of s u b h e d r a l t o 
a n h e d r a l , p r i s m a t i c p h e n o c r y s t s of p l a g i o c l a s e up t o 0.6 mm l o n g are 
a l t e r e d c o m p l e t e l y t o c a l c i t e . i n t e r s t i t i a l t o p l a g i o c l a s e g r a i n s i s 
abundant d u s t y T i - o x i d e as i n t h e border zone. C a l c i t e forms 
i r r e g u l a r replacement patches a v e r a g i n g 0.05-0.15 mm i n s i z e . 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 appear t o be o r i g i n a l 
a g gregates of 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 mm i n s i z e 
r e p l a c e d c o m p l e t e l y by c a l c i t e w i t h minor p y r i t e . Opaque ( 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 0.02-0.03 mm i n s i z e , 
and a few i r r e g u l a r c l u s t e r s of s i m i l a r g r a i n s up t o 0.8 mm a c r o s s . 
L i g h t y e l l o w - g r e e n c h l o r i t e forms a few s p h e r o i d a l p a t c h e s up t o 
0.05 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 a g g r e g a t e s . 

A few l a t e , d i s c o n t i n u o u s v e i n l e t s of v e r y f i n e g r a i n e d c a l c i t e 
average 0.05-0.2 mm i n w i d t h . Many of them are c u t o f f or o f f s e t 
a l o n g l a t e f r a c t u r e s . 



Sample 03-88 Altered Andesite T u f f ; Calcite-pyrite-(Quartz) Vein 

The r o c k i s s t r o n g l y a l t e r e d , and many of the o r i g i n a l t e x t u r e s 
a r e d e s t r o y e d . I t c o n t a i n s p l a g i o c l a s e and l e s s e r h o rnblende and 
b i o t i t e p h e n o c r y s t s and d a c i t e fragments i n a groundmass dominated by 
s e r i c i t e and c a l c i t e , w i t h l e s s e r q u a r t z and c h l o r i t e . i t i s c u t by a 
v e i n up t o a s e v e r a l mm wide of c a l c i t e w i t h a border zone up t o a few 
mm wide of p y r i t e and minor q u a r t z . 

fragments 
p l a g i o c l a s e p h e n o c r y s t s 10-12% 
ho r n b l e n d e (?) 2- 3 
a l t e r e d d a c i t e ( ? ) fragments 1- 2 
b i o t i t e 0.3 

groundmass 
s e r i c i t e 30-35 
c a l c i t e 25-30 v e i n 
q u a r t z 7- 8 c a l c i t e 8-10 
c h l o r i t e 4- 5 pyr i t e 4- 5 
p y r i t e 3- 4 q u a r t z 0.5 
T i - o x i d e 1- 1.5 c h l o r i t e minor 
a p a t i t e 0.3 

P a t c h e s a v e r a g i n g 0.2-0.7 mm i n s i z e and l o c a l l y up t o 1.7 mm i n 
s i z e c o n s i s t of a g g r e g a t e s of 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 ; 
s u b h e d r a l o u t l i n e s of some suggest t h a t they were p l a g i o c l a s e 
p h e n o c r y s t s . 

S e v e r a l p a t c h e s up t o 1 mm i n s i z 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 w i t h minor t o m o d e r a t e l y abundant c a l c i t e and opaque may 
r e p r e s e n t a l t e r e d hornblende p h e n o c r y s t s . Other s i m i l a r patches may 
be of replacement o r i g i n . 

Two a l t e r e d d a c i t e ( ? ) fragments up t o 1.8 mm a c r o s s c o n s i s t of an 
aggregate of v e r y f i n e g r a i n e d , s l i g h t l y t o m o d e r a t e l y i n t e r l o c k i n g 
q u a r t z , w i t h much l e s s s e r i c i t e as i n t e r s t i t i a l p a t c h e s and 
d i s s e m i n a t i o n s of e x t r e m e l y f i n e g r a i n s . One fragment i s of d a c i t e 
dominated by equant, s l i g h t 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 g r a i n s 
a v e r a g i n g 0.01-0.02 mm i n s i z e w i t h s c a t t e r e d p a t c h e s of c a l c i t e and 
minor d i s s e m i n a t e d T i - o x i d e / o p a q u e . 

B i o t i t e ( 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 and 
T i - o x i d e ) forms a few f l a k e s a v e r a g i n g 0.15-0.2 m min l e n g t h . 

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 s e r i c i t e 
c o n t a i n i n g d i s s e m i n a t e d T i - o x i d e 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 . C a l c i t e forms i r r e g u l a r patches a v e r a g i n g 0.05-0.5 mm i n s i z e 
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 . Quartz forms d i s s e m i n a t e d 
g r a i n s and c l u s t e r s of a few g r a i n s a v e r a g i n g 0.05-0.15 mm i n g r a i n 
s i z e . C h l o r i t e forms patches up t o 0.3 mm i n s i z e 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 , p a l e green a g g r e g a t e s . 

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 
0.1-0.5 mm i n s i z e , and l o c a l p o r p h y r o b l a s t i c g r a i n s up t o 1.5 mm i n 
s i z e . The l a t t e r c o n t a i n m o d e r a t e l y abundant i r r e g u l a r i n c l u s i o n s of 
q u a r t z and l e s s commonly s e r i c i t e . 

T i - o x i d e forms a n h e d r a l patches up t o 0.3 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 , p r o b a b l y a f t e r o r i g i n a l i l m e n i t e . A p a t i t e 
forms a few a n h e d r a l , equant g r a i n s a v e r a g i n g 0.1-0.3 mm i n s i z e . 

The v e i n i s dominated by 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 s t r a i n e d , 
i n t e r l o c k i n g c a l c i t e g r a i n s , g e n e r a l l y c o n t a i n i n g abundant d u s t y 
opaque i n c l u s i o n s . On the b o r d e r s are zones up t o 2 mm wide of 
s u b h e d r a l t o e u h e d r a l p y r i t e g r a i n s a v e r a g i n g 0.3-1 mm i n s i z e . 
Q u a r t z o c c u r s l o c a l l y on the border of t h e v e i n a d j a c e n t t o p y r i t e as 
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 , i n t e r g r o w n w i t h minor i r r e g u l a r v e r y f i n 
t o f i n e g r a i n s of c a l c i t e . C h l o r i t e forms minor i n t e r s t i t i a l patches 
of u n o r i e n t e d t o r a d i a t i n g g r a i n s up t o 0.05 mm l o n g . 



Sample 03-89.7 Breccia: Fragments of D i o r i t e , much less 
Andesite(?), and minor other Types with Veins of 
Calcite-Quartz-K-feldspar-(Pyrite-Chlorite) 

The sample c o n t a i n s abundant fragments of a f i n e t o medium 
g r a i n e d , m a i n l y l e u c o c r a t i c d i o r i t e , a few of a n d e s i t e and one of each 
of s e v e r a l o t h e r t y p e s . The groundmass i s g r a n u l a t e d and p a r t l y 
r e c r y s t a l 1 i z e d and a l t e r e d a g gregates of t h e s e rock t y p e s . A v e i n up 
t o 2 mm wide and a few s m a l l e r l e n s e s and v e i n l e t s a r e dominated by 
c a l c i t e , K - f e l d s p a r , and q u a r t z , w i t h a few patches of p y r i t e and 
minor c h l o r i t e . 

fragments 
d i o r i t e 40-45% 
a n d e s i t e 7- 8 
o t h e r t y p e s 7- 8 

groundmass 30-35 
v e i n s , e t c . 
c a l c i t e - q u a r t z - K - f e l d s p a r - ( p y r i t e - c h l o r i t e ) 7- 8 

D i o r i t e fragments a r e dominated by f i n e t o medium g r a i n e d , 
s l i g h t 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 g r a i n s , 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 p l a g i o c l a s e and s c a t t e r e d p a t c h e s of 
i l m e n i t e - l e u c o x e n 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 l o c a l l y 
s t r o n g l y t o p a t c h e s of c a l c i t e and d i s s e m i n a t e d s e r i c i t e . A few 
fragments a r e dominated by r e l a t i v e l y f r e s h p l a g i o c l a s e , w i t h a few 
replacement p a t c h e s and v e i n l e t s 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 
and/or b i o t i t e . One fragment c o n t a i n s two f l a k e s up t o 1.3 mm l o n g of 
b i o t i t e , a l t e r e d c o m p l e t e l y t o pseudomorphic c h l o r i t e and abundant 
T i - o x i d e . Another fragment c o n t a i n s m o d e r a t e l y abundant s i m i l a r 
b i o t i t e f l a k e s up t o 0.15 mm i n s i z e . One fragment i s a h o r n b l e n d e ( ? ) 
g r a i n 1.7 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 p a t c h 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 of c a l c i t e , c h l o r i t e , and l e s s e r opaque. Quartz 
forms s c a t t e r e d , i n t e r s t i t i a l p a t c h e s a v e r a g i n g 0.2-0.5 mm i n s i z e of 
g r a i n s a v e r a g i n g 0.05-0.07 mm i n s i z e , i n pat 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 of s i m i l a r g r a i n s i z e . A p a t 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 0.04-0.08 mm i n s i z e , w i t h a few up t o 0.12 mm l o n g . P y r i t e 
forms replacement p a t c h e s and l e n s e s of v e r y f i n e g r a i n s . 

One fragment a few mm a c r o s s i s a 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 m e t a - a n d e s i t e dominated by p l a g i o c l a s e and s e r i c i t e w i t h 
l e s s e r c h l o r i t e and T i - o x i d e / o p a q u e . Another one of m e t a - a n d e s i t e 
c o n t a i n s l a t h y p l a g i o c l a s e g r a i n s up t o 0.3 mm i n l e n g t h and 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 0.03-0.1 mm i n s i z 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 l o r i t e and T i - o x i d e , w i t h s c a t t e r e d 
c l u s t e r s of opaque. 

One fragment i s of a p l a g i o c l a s e - ( b i o t i t e ) p o r p h y r i t i c d a c i t e . 
P l a g i o c l a s e forms p h e n o c r y s t s (20-25%) a v e r a g i n g 0.3-0.8 mm i n s i z e . 
M a f i c p h e n o c r y s t s (hornblende b i o t i t e ) are 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 a g g r e g a t e s of b i o t i t e - ( p y r i t e - q u a r t z ) , and 

\ hornblende p h e n o c r y s t i s a l t e r e d t o 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 b i o t i t e - q u a r t z - c a l c i t e . Opaque forms a r e c t a n g u l a r p a t c h 0.3 
mm a c r o s s c o n s i s t i n g of e x t r e m e l y f i n e , equant g r a i n s . The groundmass 
i s p l a g i o c l a s e and q u a r t z a v e r a g i n g 0.01-0.03 mm i n g r a i n s i z e , w i t h 
minor d i s s e m i n a t e d c a l c i t e , opaque, and a p a t i t e . 

One fragment i s a v e r y f i n e g r a i n e d aggregate of p l a g i o c l a s e and 
b i o t i t e w i t h l e s s e r c a l c i t e and T i - o x i d e . B i o t i t e i s p l e o c h r o i c from 
p a l e t o l i g h t brown. Another fragment(?) 1.7 mm a c r o s s i s dominated 
by extreme f i n e g r a i n e d b i o t i t e w i t h abundant d i s s e m i n a t e d patches and 
v e i n l e t s up t o 0.15 mm a c r o s s of opaque, w i t h or w i t h o u t minor 
c h l o r i t e . 

( c o n t i n u e d ) 

i 



Sample 03-89.7 (page 2) 

The groundmass i s dominated by s l i g h t l y t o m o d e r a t e l y 
i n t e r l o c k i n g , 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 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 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 
c a l c i t e , c h l o r i t e , and opaque. i t commonly c o n t a i n s s c a t t e r e d , 
fragments a v e r a g i n g 0.03-0.08 mm i n s i z e , m a i n l y of p l a g i o c l a s e . 

i n t h e main v e i n , c a l c i t e , q u a r t z , and K - f e l d s p a r form a n h e d r a l 
g r a i n s a v e r a g i n g 0.5-1 mm i n s i z e . Quartz commonly has s u b h e d r a l t o 
e u h e d r a l t e r m i n a t i o n s a g a i n s t c a l c i t e . p y r i t e forms a few a n h e d r a l 
p a t c h e s up t o 1.7 mm l o n g . C h l o r i t e forms s u b r a d i a t i n g t o p a r a l l e l 
a g g r e g a t e s of f l a k e s a v e r a g i n g 0.05-0.1 mm i n s i z e . A s m a l l e r l e n s i s 
dominated by f i n e g r a i n e d c a l c i t e w i t h minor i n t e r s t i t i a l q u a r t z , and 
w i t h p y r i t e and l o c a l l y c h l o r i t e c o n c e n t r a t e d near the border of the 
l e n s . A v e i n l e t up t o 0.03 mm wide c o n s i s t s of K - f e l d s p a r , q u a r t z , 
c a l c i t e , and minor s e r i c i t e , and l o c a l l y has a m o d e r a t e l y w e l l 
developed a l t e r a t i o n h a l o of 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 . 



Sample 03-91.5 Altered F e l s i c Breccia: Groundmass 
Quartz-Sphalerite-pyrite-Dolomite-(Sericite) 

fragments 
l a t i t e (minor p h e n o c r y s t s ) 
p o r p h y r i t i c l a t i t e 
p o r p h y r i t i c d a c i t e 

groundmass 
q u a r t z 
s p h a l e r i t e 
p y r i t e 
d o l o m i t e / a n k e r i t e 
ser i c i t e 

30-35% 
20-25 

1 

30-35 
4- 5 
2- 3 
2- 3 

1 

Fragments of l a t i t 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 
s e r i c i t e . A few c o n t a i n one or two ragged p h e n o c r y s t s of b i o t i t e 
( r e p l a c e d by pseudomorphic m u s c o v i t e and ragged p a t c h e s of T i - o x i d e ) 
up t o 1.2 mm l o n g . In one fragment, two b i o t i t e p h e n o c r y s t s a r e 
r e p l a c e d by a network of t h i c k T i - o x i d e l e n s e s a l o n g c r y s t a l l o g r a p h i c 
d i r e c t i o n s i n t h e b i o t i t e , w i t h i n t e r s t i t i a l 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 , u n o r i e n t e d s e r i c i t e and patches of v e r y f i n e g r a i n e d 
m u s c o v i t e , m a i n l y near margins of the p h e n o c r y s t s . One fragment 
c o n t a i n s a zone up t o 1.5 mm a c r o s s of v e r y f i n e g r a i n e d , u n o r i e n t e d 
m u s c o v i t e f l a k e s i n t e r g r o w n w i t h about the same amount of i r r e g u l a r 
a n k e r i t e g r a i n s . A few c o n t a i n replacement p a t c h e s and v e i n l i k e zones 
of d o l o m i t e w i t h or w i t h o u t p y r i t e . P y r 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 0.05-0.4 mm i n s i z e , and commonly i s surrounded by v e r y f i n e 
g r a i n e d d o l o m i t e . A few fragments c o n t a i n a n h e d r a l t o s u b h e d r a l 
p o r p h y r o b l a s t s of p y r i t e up t o 1 mm i n s i z e . Some s i m i l a r fragments 
are r e p l a c e d m o d e r a t e l y t o s t r o n g l y by patches of v e r y f i n e g r a i n e d t o 
f i n e g r a i n e d , i n p a r t p o r p h y r o b l a s t i c a n k e r i t e / d o l o m i t e . A few 
c o n t a i n e q u a n t , s u b h e d r a l g r a i n s of a p a t i t e up t o 0.3 mm a c r o s s , and 
p r i s m a t i c g r a i n s up t o 0.4 mm l o n g . One c o n t a i n s an i r r e g u l a r g r a i n 
1.4 mm l o n g . A few c o n t a i n c l u s t e r s of f r a c t u r e d a p a t i t e g r a i n s 
a s s o c i a t e d w i t h p a t c h e s of T i - o x i d e . One c o n t a i n s a p a t c h 1.3 mm lo n g 
dominated by T i - o x i d e w i t h minor i n t e r s t i t i a l , 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 . One c o n t a i n s a wis p y , d i s c o n t i n u o u s v e i n l e t of T i - o x i d e 
a v e r a g i n g 0.02-0.03 mm wide. 

Some fragments of p o r p h y r i t i c l a t i t e a r e s i m i l a r t o the above 
t y p e , and c o n t a i n s u b h e d r a l , p r i s m a t i c p h e n o c r y s t s of p l a g i o c l a s e or 
hornblende up t o 1.5 mm i n s i z e . The 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 a g g r e g a t e s of 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 - c a r b o n a t e 
or of q u a r t z a v e r a g i n g 0.05-0.1 mm i n g r a i n s i z e w i t h abundant patches 
of d o l o m i t e / a n k e r i t e of s i m i l a r s i z e and minor s e r i c i t e f l a k e s . A few 
fragments of p o r p h y r i t i c l a t i t e c o n t a i n s u b h e d r a l p l a g i o c l a s e 
p h e n o c r y s t s from 0.2-1 mm i n s i z e , minor equant ones of b i o t i t e up t o 
0.4 mm a c r o s s and minor a n g u l a r ones of q u a r t z up t o 0.1 mm i n s i z 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 , c o l o r e d l i g h t 
brown by d u s t y i n c l u s i o n s . In t h e s e , p l a g i o c l a s e p h e n o c r y s t s a r e 
a l t e r e d 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 , l o c a l l y w i t h m o d e r a t e l y 
abundant d o l o m i t e , and b i o t i t e i s a l t e r e d t o ag g r e g a t e s of v e r y f i n e 
g r a i n e d m u s c o v i t e . 

One fragment 1.3 mm a c r o s s c o n t a i n s a subangular p h e n o c r y s t of 
q u a r t z up t o 0.3 mm a c r o s s and a few up t o 0.2 mm a c r o s s of 
p l a g i o c l a s e a l t e r e d t o s e r i c i t 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 s t a i n e d brown by d u s t y opaque/semiopaque 
i n c l u s i o n s . A second fragment of s i m i l a r s i z e has the same groundmass 
but no p h e n o c r y s t s . 

(continued) 



Sample 03-91.5 (page 2) 

In the groundmass, q u a r t z commonly forms a g g r e g a t e s of 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 0.02-0.05 mm i n s i z e . I n t e r g r o w n w i t h 
t h e s e a r e minor t o 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 and patches 
of 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 c a r b o n a t e . C o a r s e r g r a i n e d 
p a t c h e s of q u a r t z (up t o 0.5 mm i n g r a i n s i z e ) commonly are i n t e r g r o w n 
w i t h s u l f i d e s ; i n a few of t h e s e , q u a r t z g r a i n s have s u b h e d r a l t o 
e u h e d r a l t e r m i n a t i o n s a g a i n s t s p h a l e r i t e . 

S p h a l e r i t e forms p a t c h e s up t o a few mm a c r o s s of a n h e d r a l g r a i n s 
w i t h a medium red-brown c o l o r . p y r i t e forms a n h e d r a l g r a i n s up t o 0.8 
mm i n s i z e a s s o c i a t e d w i t h s p h a l e r i t e . 

D o l o m i t e / a n k e r i t e forms a n h e d r a l g r a i n s up t o 0.1 mm i n s i z e 
i n t e r g r o w n w i t h s u l f i d e s . 

One s e r i c i t e - r i c h fragment i s c u t by a v e i n l e t 0.5 mm wide 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 - d o l o m i t e - s p h a l e r i t e - ( p y r i t e ) 
as i n the groundmass. 



Sample 03-92.3 Altered porphyritic Andesite; Pyrite-Quartz Vein 

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 , l e s s e r ones of 
h o r n b l e n d e , and minor ones of q u a r t z and a p a t i t 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 p l a g i o c l a s e and much l e s s s e r i c i t e 
and a n k e r i t e , and minor q u a r t z 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 a band up t o a few mm wide. At one end i s a v e i n up t o a few mm 
wide dominated by p y r i t e and q u a r t z . 

p h e n o c r y s t s 
p l a g i o c l a s e 
h o r n b l e n d e 
q u a r t z 
apat i t e 

groundmass 
p l a g i o c l a s e 
se r i c i t e 
anker i t e 
q u a r t z 

25-30% 
5- 7 

1 
minor 

50-55 
5- 7 
2- 3 
0.3 

v e i n 
pyr i te 
q u a r t z 
s e r i c i t e 

3¬
1-

4% 
2 

0.1 

opaque 
T i - o x i d e 
a p a t i t e 

1.5-2 
0.5 
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 r i s m a t i c p h e n o c r y s t s 
a v e r a g i n g 0.2-1.2 mm i n l e n g t h , w i t h a few up t o 2 mm l o n g . They are 
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 s c a t t e r e d , 
l o c a l l y p r o m i n e n t , commonly i r r e g u l a r p a tches of v e r y f i n e g r a i n e d 
a n k e r i t e . A few c o n t a i n minor replacement 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 as i n the groundmass. 

Hornblende(?) forms s u b h e d r a l , e l o n g a t e t o stubby p r i s m a t i c 
p h e n o c r y s t s from 0.5-1.5 mm i n l e n g t h . I t i s a l t e r e d c o m p l e t e l y t o 
a n k e r i t e . Some g r a i n s have mo d e r a t e l y abundant T i - o x i d e / o p a q u e 
c o n c e n t r a t e d near t h e i r m a r g i n s . A few c o n t a i n m o d e r a t e l y abundant 
i n c l u s i o n s of a p a t i t e , and a few c o n t a i n 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 s e r i c i t e i n t e r g r o w n w i t h a n k e r i t e . 

Q uartz forms one p h e n o c r y s t 1.5 mm a c r o s s ; i n d e t a i l , i t has 
i r r e g u l a r b o r d e r s a g a i n s t the groundmass. 

A p a t i t e forms a few 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 up t o 
0.2 mm l o n g . i n the groundmass i t 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 
a v e r a g i n g 0.05-0.07 mm l o n g . 

The groundmass i s dominated by 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 
0.02-0.03 mm i n s i z e , w i t h m o d e r a t e l y abundant 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 , p r o b a b l y formed by a l t e r a t i o n of p l a g i o c l a s e . A few 
p r i s m a t i c p l a g i o c l a s e g r a i n s average 0.07-0.15 mm i n l e n g t h . L i k e the 
c o a r s e r p h e n o c r y s t s , t h e s e are a l t e r e d c o m p l e t e l y t o s e r i c i t e . 
A n k e r i t e forms p a t c h e s up t o 0.5 mm i n s i z e 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 o c c u r s i n patches up t o 0.3 mm i n s i z e of 
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 . 

T i - o x i d e forms s c a t t e r e d patches a v e r a g i n g 0.07-0.15 mm i n s i z e , 
w i t h a few from 0.2-0.5 mm a c r o s s . These c o n s i s t of boxworks of 
T i - o x i d e w i t h i n t e r s t i t i a l p a t ches of s e r i c i t e , and p r o b a b l y are 
secondary a f t e r sphene and/or i l m e n i t e . 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 T i - o x i d e i s c o n c e n t r a t e d i n c e r t a i n p a t c h e s i n the groundmass. 

p y r i t e forms equant s u b 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 
0.1-0.5 mm i n s i z e . I t i s c o n c e n t r a t e d i n a band up t o a few mm 
a c r o s s , i n which i t forms 7-8%, and c l u s t e r s of a few g r a i n s . 

At one edge of the s e c t i o n i s a v e i n 0.5 mm wide 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 c a t t e r e d c l u s t e r s of p y r i t e and 
i n t e r s t i t i a l 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 s e r i c i t e . Quartz 
commonly 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 o r i e n t e d p e r p e n d i c u l a r t o 
the w a l l s of the v e i n . A d j a c e n t t o i t , and g r a d i n g i n t o i t i s a zone 
up t o 2 mm wide of a n h e d r a l t o e u h e d r a l p y r i t e g r a i n s a v e r a g i n g 
0.1-0.5 mm i n s i z e . 



Sample 03-95.8 Altered D i o r i t e ; Replacement Patches of Quartz-
Py r i t e ; Veins of Quartz-(Chlorite-Pyrite-Sphalerite) 

The sample i s a medium t o c o a r s e g r a i n e d d i o r i t e dominated by 
p l a g i o c l a s e w i t h much l e s s b i o t i t e , i l m e n i t e , and a p a t i t e , 
p l a g i o c l a s e i s a l t e r e d complete t o s e r i c i t e , and o r i g i n a l t e x t u r e s a r e 
d e s t r o y e d . B i o t i t e i s r e p l a c e d by m u s c o v i t e - T i - o x i d e , and i l m e n i t e by 
l e u c o x e n e / T i - o x i d e . Replacement patches of q u a r t z - p y r i t e - s e r i c i t e may 
i n p a r t be a f t e r h o r n b l e n d e . V e i n s up t o 1.5 mm wide a r e of q u a r t z 
w i t h l e s s e r p a t c h e s of each of c h l o r i t e , p y r i t e , and s p h a l e r i t e . 

p l a g i o c l a s e 70-75% 
a p a t i t e 4- 5 
b i o t i t e 1- 2 
i l m e n i t e 2- 3 
replacement 
q u a r t z 10-12 
p y r i t e 2- 3 
s e r i c i t e 1 

v e i ns 
q u a r t z 2- 3 
p y r i t e 1 
c h l o r i t e 1 
s p h a l e r i t e 0.3 

v e i n l e t s 
q u a r t z minor 

P l a g i o c l a s 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 i c i t e , and o r i g i n a l g r a i n 
b o r d e r s were o b l i t e r a t e d . O r i g i n a l g r a i n s i z e p r o b a b l y was c o a r s e t o 
medium. 

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 , equant to p r i s m a t i c g r a i n s 
a v e r a g i n g 0.1-0.4 mm i n s i z e , w i t h a few up t o 0.6 mm l o n g . I t 
commonly o c c u r s i n c l u s t e r s a s s o c i a t e d w i t h T i - o x i d e . 

B i o t i t e forms ragged f l a k e s up t o 1.2 mm i n s i z e , commonly 
a s s o c i a t e d w i t h i l m e n i t e and a p a t i t 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 which i s r e c r y s t a l l i z e d p a r t 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 . Some g r a i n s a l s o c o n t a i n abundant d u s t y 
T i - o x i d e a l o n g c l e a v a g e p l a n e s . Some b i o t i t e p h e n o c r y s t s c o n t a i n 
abundant i n c l u s i o n s of a p a t i t e . 

I l m e n i t e forms p a t c h e s up t o 1.5 mm i n s i z e , commonly i n c o r e s of 
m a f i c p a t c h e s , and surrounded by b i o t i t e and/or a p a t i t e . I t i s 
a l t e r e d t o e x t r e m e l y f i n e g r a i n e d l e u c o x e n e / T i - o x i d e w i t h minor 
i n t e r s t i t i a l s e r i c i t e . 

Replacement p a t c h e s up t o a few mm a c r o s s c o n s i s t of aggregates 
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 minor t o m o d e r a t e l y 
abundant i n t e r s t i t i a l and d i s s e m i n a t e d f l a k e s and patches of s e r i c i t e . 
Some of the p a t c h e s have o u t l i n e s s u g g e s t i n g they may have formed by 
replacement of h o r n b l e n d e . Patches of q u a r t z up t o 0.2 mm i n s i z e may 
be i n t e r s t i t i a l t o p l a g i o c l a s e . p y r i t e forms p o r p h y r o b l a s t s from 
0.5-1.5 mm i n s i z e i n the rock and f i n e r g r a i n s and c l u s t e r s 
a s s o c i a t e d w i t h replacement p a t c h e s of q u a r t z . 

A few v e i n s up t o 1 mm wide are dominated 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 p a t c h e s dominated by p y r i t e , c h l o r i t e , or 
s p h a l e r i t e . C h l o r i t e forms a few patches up t o 1 mm i n s i z e of 
s u b r a d i a t i n g a g g r e g a t e s . S p h a l e r i t e forms patches up t o 1 mm l o n g i n 
a v e i n , i n p a r t a s s o c i a t e d w i t h a l a r g e p a t c h of c h l o r i t e and i n p a r t 
i n t e r s t i t i a l t o q u a r t z . V e i n l e t s a v e r a g i n g 0.02-0.05 mm wide a re 
dominated by q u a r t z . 



Sample 03-95,8 (polished TS) Altered D i o r i t e replaced by Quartz-
Ch l o r i t e ; Vein of Quartz-Sphalerite-Pyrite-Chlorite 

The r o c k i s a s t r o n g l y a l t e r e d d i o r i t e as i n the t h i n s e c t i o n , 
w i t h l e s s abundant a p a t i t e , i l m e n i t e , and b i o t i t e . I t i s r e p l a c e d 
i r r e g u l a r p a t c h e s by v e r y f i n e g r a i n e d q u a r t z . V e i n s c o n s i s t of 
medium t o l o c a l l y c o a r s e g r a i n e d q u a r t z , w i t h l e s s e r s p h a l e r i t e , 
p y r i t e , and c h l o r i t e . 

p l a g i o c l a s e 
apat i t e 
i l m e n i t e 
b i o t i t e 
r e p l a c ement 
quar t z 
pyr i t e 

r e p l a c ement p a t c h e s 
q u a r t z 
c h l o r i t e 
pyr i t e 
s e r i c i t e 
s p h a l e r i t e 

35-40% 
2- 3 
1- 2 
0.5 

p a t c h e s i n d i o r i t e 
3- 4 
0.5 

2- 3 
1 
1 

minor 
minor 

v e i n s 
q u a r t z 10-12% 
s p h a l e r i t e 5- 7 
p y r i t e 3- 4 
c h l o r i t e 3- 4 
g a l e n a minor 
c h a l c o p y r i t e t r a c e 
M i n e r a l X t r a c e 

P l a g i o c l a s e 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 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 , i n p a r t o r i e n t e d p a r a l l e l t o c-axes of p l a g i o c l a s e 
g r a i n s . T e x t u r e s suggest t h a t o r i g i n a l p l a g i o c l a s e g r a i n s were 
c o a r s e . 

A p a t i t e , i l m e n i t e and b i o t i t e occur i n c l u s t e r s up t o a few mm 
a c r o s 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 g r a i n s a v e r a g i n g 0.1-0.5 
mm i n s i z e , w i t h a few e l o n g a t e p r i s m a t i c g r a i n s up t o 1 mm i n l e n g t h . 
I l m e n i t e forms equant p a t c h e s a v e r a g i n g 0.2-0.6 mm i n s i z e . 
A l t e r a t i o n i s t o leucoxene and T i - o x i d e , w i t h m o d e r a t e l y abundant 
i n t e r s t i t i a l q u a r t z . B i o t i t e forms ragged f l a k e s a v e r a g i n g 0.1-0.2 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 
minor T i - o x i d e . 

The r o c k c o n t a i n s replacement patches up t o 2 mm a c r o s s 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 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 . 
These a r e s i m i l a r t o e a r l y replacement patches i n the t h i n s e c t i o n , 
and some may be a f t e r o r i g i n a l h o r n b l e n d e . 

Replacement patches up t o 1.5 mm i n s i z e a l o n g b o r d e r s of v e i n s 
c o n s i s t s of v e r y f i n e g r a i n e d aggregates of q u a r t z and c h l o r i t e , and 
l o c a l l y q u a r t z and s e r i c i t e . Some of these p atches a l s o c o n t a i n 
d i s s e m i n a t e d , i r r e g u l a r g r a i n s of s p h a l e r i t e . 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 0.1-0.5 mm i n 
s i z e , i n p a r t a s s o c i a t e d w i t h m a f i c c l u s t e r s . 

V e i n s up t o 1.5 mm wide a r e dominated by f i n e t o medium g r a i n e d 
q u a r t z , i n p a r t a n h e d r a l and i n p a r t p r i s m a t i c . S p h a l e r i t e forms 
p a t c h e s up t o a few mm a c r o s s of a n h e d r a l g r a i n s , commonly 
i n t e r s t i t i a l i n p a r t t o s u b h e d r a l t o e u h e d r a l q u a r t z . S p h a l e r i t e i s 
deep brownish r e d i n c o l o r . I t c o n t a i n s minor a n h e d r a l i n c l u s i o n s of 
c h a l c o p y r i t e up t o 0.05 mm i n s i z e and of p y r r h o t i t e a v e r a g i n g 
0.01-0.02 mm i n s i z e . One i n c l u s i o n 0.06 mm l o n g c o n s i s t s of g a l e n a , 
c h a l c o p y r i t e , and M i n e r a l x. The l a s t forms an e l o n g a t e g r a i n 0.015 
l o n g , and has a p a l e cream c o l o r and h i g h r e f l e c t i v i t y . I t may be 
n a t i v e bismuth or e l e c t r u m . P y r i t e forms a g g r e g a t e s of e u h e d r a l t o 
s u b h e d r a l g r a i n s a v e r a g i n g 0.1-0.5 mm i n s i z e , w i t h a few up t o 2.5 mm 
a c r o s s . A few p y r i t e g r a i n s c o n t a i n i n c l u s i o n s from 0.01-0.1 mm i n 
s i z e of g a l e n a and l e s s e r s p h a l e r i t e . A few l a r g e p y r i t e g r a i n s 
c o n t a i n e x s o l u t i o n (?) l e n s e s of F e - o x i d e . A s s o c i a t e d w i t h one 
i n c l u s i o n of g a l e n a a r e a few g r a i n s up t o 0.002 mm i n s i z e of M i n e r a l 
X. C h l o r i t e forms 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 
f l a k e s . C h a l c o p y r i t e forms g r a i n s up t o 0.07 mm i n s i z e i n q u a r t z , 

I 



Sample 03-101.3 Breccia: Fragments of D i o r i t e and Andesite; with 
Matrix of Quartz-Pyrite-Sphalerite 

Fragments of d i o r i t e and l e s s e r ones of p o r p h y r i t i c and 
n o n - p o r p h y r i t i c a n d e s i t e a r e up t o 2 cm a c r o s s . The d i o r i t e i s c o a r s e 
g r a i n e d and dominated by p l a g i o c l a s e , w i t h much l e s s b i o t i t e , a p a t i t e , 
and i l m e n i t e . I t i s a l t e r e d s t r o n g l y , w i t h p l a g i o c l a s e r e p l a c e d by 
s e r i c i t e , and b i o t i t e by m u s c o v i t e - ( T i - o x i d e ) . Some of the a n d e s i t e 
fragments 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 and minor b i o t i t e (both 
a l t e r e d c o m p l e t e l y ) i n as groundmass of p l a g i o c l a s e - s e r i c i t e . Other 
a n d e s i t e fragments a r e n o n - p o r p h y r i t i c . The b r e c c i a m a t r i x and minor 
replacement zones i n fragments i s dominated by q u a r t z and p y r i t e w i t h 
l e s s e r s p h a l e r i t e . The m a t r i x occurs i n v e i n l i k e zones between 
fragments. 

fragments m a t r i x 
1) d i o r i t e (40-45%) q u a r t z 12-15% 

p l a g i o c l a s e 40-45% pyr i t e 8-10 
b i o t i t e 2- 3 s p h a l e r i t e 2- 3 
a p a t i t e 1- 2 g a l e n a t r a c e 
i l m e n i t e 1- 2 c h a l c o p y r i t e t r a c e 
q u a r t z 4- 5 

2) a n d e s i t e 20-25 

In the d i o r i t e , p l a g i o c l a s e forms a n h e d r a l g r a i n s up t o 2 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 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 o r i g i n a l t e x t u r e s a r e o b l i t e r a t e d . 

B i o t i t e , a p a t i t e , and i l m e n i t e commonly occur i n c l u s t e r s up t o a 
few mm a c r o s s . B i o t i t e forms i n t e r s t i t i a l g r a i n s up t o 1.5 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 pseudomorphic m u s c o v i t e w i t h 
T i - o x i d e c o n c e n t r a t e d a l o n g c l e a v a g e p l a n e s . A p a t i t e forms s u b h e d r a l 
g r a i n s a v e r a g i n g 0.1-0.5 mm i n s i z e . Equant pa t c h e s a v e r a g i n g 0.2-0.5 
mm i n s i z e c o n t a i n networks of T i - o x i d e w i t h i n t e r s t i t i a l p atches of 
q u a r t z and/or s e r i c i t e . 

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 g r a i n e d q u a r t z i n the d i o r i t e are 
p r o b a b l y l a r g e l y of replacement o r i g i n ; some of th e s e a r e 
i n t e r g r o w n w i t h much l e s s s e r i c i t e . 

The l a r g e s t fragment and a few s m a l l ones a r e of a l t e r e d 
a n d e s i t e . The l a r g e fragment 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 from 
0.8-1.5 mm i n s i z e and minor ragged f l a k e s of b i o t i t e up t o 0.7 mm 
lo n g i n a 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 groundmass dominated by 
p l a g i o c l a s e and s e r i c i t e , w i t h l e s s e r q u a r t z , and minor d i s s e m i n a t e d 
T i - o x i d e and p y r i t e . Some fragments a r e dominated by q u a r t z and 
s e r i c i t e , w i t h minor d i s s e m i n a t e d T i - o x i d e . One i s dominated by 
q u a r t z w i t h l e s s e r s e r i c i t e ( a f t e r p l a g i o c l a s e ) , and b i o t i t e . B i o t i t e 
forms ragged f l a k e s a v e r a g i n g 0.03-0.05 mm i n s i z e , and i s a l t e r e d t o 
mu s c o v i t e w i t h m o d e r a t e l y abundant d u s t y l i m o n i t e . 

i n the b r e c c i a m a t r i x , q u a r t z forms ag g r e g a t e s of 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 0.2-1.2 mm i n s i z e . F i n e r g r a i n s q u a r t z 
grades i n t o r e p l a cement patches i n the fragm e n t s . 

P y r i t e forms ag g r e g a t e s of 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 
0.2-1.5 mm i n s i z e . P y r i t e i s 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 
a n i s o t r o p i c , s u g g e s t i n g g r a d a t i o n t o the m a r c a s i t e t e x t u r e and 
p o s s i b l y a low temperature of f o r m a t i o n . L o c a l l y i t c o n t a i n s 
minor i n c l u s i o n s of c h a l c o p y r i t e and of g a l e n a a v e r a g i n g 0.01-0.015 mm 
i n s i z e . S p h a l e r i t e forms g r a i n s a v e r a g i n g 0.2-1 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 , and i n p a r t i n t e r s t i t i a l t o p y r i t e . Galena and 
l e s s e r c h a l c o p y r i t e form minor i n c l u s i o n s up t o 0.05 mm i n s i z e i n 
s p h a l e r i t e . 

i 

... i 



Sample 03-107.5 Breccia: Strongly Altered Fragments in Matrix of 
Quartz-Dolomite-(pyrite-Chlorite- K-feldspar) 

The r o c k c o n t a i n s a n g u l a r t o i r r e g u l a r fragments of a few rock 
t y p e s , a l l s t r o n g l y a l t e r e d t o s e r i c i t e i n a patchy groundmass 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 d o l o m i t e . 

fragments 
a n d e s i t e (?) 40-45% 
d i o r i t e 5- 7 
a n d e s i t e / d a c i t e 2- 3 
K - f e l d s p a r - r i c h 0.5 

groundmass 
q u a r t z 
dolomi te 
pyr i t e 
c h l o r i te 
K - f e l d s p a r 

25-30% 
17-20 
2- 3 
1- 2 

1 

Many fragments of a l t e r e d a n d e s i t e ( ? ) are 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 . Many of these a l s o c o n t a i n i r r e g u l a r , 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 patches of d o l o m i t e , of q u a r t z , and of 
c h l o r i t e , and minor d i s s e m i n a t e d , i n p a r t p o r p h y r o b l a s t i c p y r i t e 
g r a i n s , l o c a l l y up t o 0.6 mm a c r o s s . 

A few fragments c o n t a i n minor p l a g i o c l a s e p h e n o c r y s t s ( a l t e r e d to 
s e r i c i t 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 of 
p l a g i o c l a s e - s e r i c i t e - q u a r t z w i t h minor T i - o x i d e and opaque. One 
a n d e s i t e / d a c i t e fragment i s n o n - p o r p h y r i t i c , and i s dominated by 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 , equant 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 re p l a c e m e n t 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 d o l o m i t e , 
s c a t t e r e d p a t c h e s of q u a r t z and of c h l o r i t e , and minor d i s s e m i n a t e d 
T i - o x ide/opaque. 

A few fragments a r e of a l t e r e d d i o r i t e . Many of t h e s e a r e 
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 s e r i c i t e , which shows 
no s i g n s of o r i g i n a l t e x t u r e s of p l a g i o c l a s e . D i o r i t e fragments 
c o n t a i n one or more of the f o l l o w i n g : m o d e r a t e l y abundant, s u b h e d r a l 
a p a t i t e 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 ; equant f l a k e s of b i o t i t e 
a v e r a g i n g 0.3-0.6 mm i n s i z e ( w i t h a few up t o 2.5 mm a c r o s s ) 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 - ( T i - o x i d e ) , l o c a l l y w i t h rims of c h l o r i t e ; 
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 of c h l o r i t e up t o 0.7 mm i n s i z e ; 
r eplacement p a t c h e s of d o l o m i t e up t o 0.2 mm i n s i z e ; and patches of 
p y r i t e up t o 0.7 mm i n s i z e . One l e s s a l t e r e d d i o r i t e fragment 
c o n t a i n s f i n e t o medium p l a g i o c l a s e g r a i n s m o d e r a t e l y a l t e r e d t o 
s e r i c i t e and minor d o l o m i t e , w i t h minor v e r y f i n e g r a i n e d a p a t i t e , 
opaque, and q u a r t z . 

One fragment i s dominated by equant, s l i g h t 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 a v e r a g i n g 0.05-0.15 mm i n g r a i n s i z e and 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 , w i t h a few patches up t o 0.25 mm i n s i z e of c h l o r i t e and 
l e s s e r ones of d o l o m i t e . 

Minor fragments a v e r a g i n g 0.3-0.7 mm i n s i z e c o n s i s t of v e r y f i n e 
t o f i n e g r a i n e d K - f e l d s p a r w i t h abundant opaque i n c l u s i o n s . 

In the b r e c c i a m a t r i x q u a r t z forms aggregates of two main t y p e s . 
An e a r l i e r s t a g e c o n s i s t s of 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 
0.03-0.05 mm i n s i z e , w i t h minor t o l o c a l l y m o d e r a t e l y abundant 
i n t e r s t i t i a l p a t c h e s 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 . L ate-formed 
q u a r t z forms a g g r e g a t e s of a n h e d r a l t o l o c a l l y s u b h e d r a l g r a i n s 
a v e r a g i n g 0.1-0.3 mm i n g r a i n s i z e . D olomite 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 0.1-0.2 mm i n s i z e . In some 
p a t c h e s , d o l o m i t e g r a i n s a r e s t r a i n e d m o d e r a t e l y . P y r i t e forms 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 0.05-0.2 mm i n s i z e , w i t h a few over 
0.5 mm a c r o s s , commonly a s s o c i a t e d w i t h d o l o m i t e . C h l o r i t e forms 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 , m a i n l y a l o n g b o r d e r s of m a t r i x and fragments. 
K - f e l d s p a r forms v e r y f i n e g r a i n e d p a t c h e s , whose d i s t r i b u t i o n i s b e s t 
seen i n the s t a i n e d o f f c u t b l o c k . 



Sample 04-148.5 Breccia: D i o r i t e and Minor Andesite Fragments; 
Groundmass of Granulated Host Rocks and 
C a l c i t e - P y r i t e Replacement patches 

Fragments up t o a few mm a c r o s s are dominated by medium t o c o a r s e 
g r a i n e d d i o r i t e , w i t h fewer ones of a few t y p e s of a n d e s i t e . These 
are s e t i n a groundmass of g r a n u l a t e d fragments of d i o r i t e w i t h 
replacement p a t c h e s of c a l c i t e - p y r i t e and minor q u a r t z . 

i n t h e d i o r i t e , p l a g i o c l a s 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 up 
t o a few mm a c r o s s . Many are f r a c t u r e d and s l i g h t l y deformed. 
A l t e r a t i o n ranges from minor t o s t r o n g 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 much l e s s c a l c i t e . Some g r a i n s a r e c u t by v e i n l e t s of 
c a l c i t e and s e r i c i t e . Others are cut by v e i n l e t s 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 opaque ( p y r i t e ? ) , w i t h i n t e r s t i t i a l , 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 , s e r i c i t e , and c a l c i t e . 

B i o t i t e (8-10%) i s 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 a few mm a c r o s s 
of ragged f l a k e s a v e r a g i n g 0.3-0.5 mm i n s i z e , w i t h a few over 2 mm 
a c r o s s . A l t e r a t i o n i s t o pseudomorphic m u s c o v i t e or extreme f i n e t o 
v e r y f i n e g r a i n e d s e r i c i t e , w i t h or w i t h o u t m o d e r a t e l y abundant l e n s e s 
of d u s t y T i - o x i d e p a r a l l e l to c l e a v a g e . 

A p a t i t e (2-3%) forms a n h e d r a l g r a i n s a v e r a g i n g 0.12-0.5 mm i n 
s i z e , w i t h a few up t o 0.7 mm l o n g . Many c o a r s e r g r a i n s a r e f r a c t u r e d 
s t r o n g l y . A p a t i t e i s most abundant w i t h b i o t i t e c l u s t e r s . 

Opaque ( l e u c o x e n e / T i - o x i d e / i l m e n i t e ) (2-3%) forms ragged patches 
up t o 2 mm i n s i z e , commonly a s s o c i a t e d w i t h b i o t i t e . Opaque 
( p y r i t e ? ) (0.5%) forms i r r e g u l a r d i s s e m i n a t e d p a t c h e s a v e r a g i n g 
0.1-0.5 mm i n s i z e . 

A few fragments up t o 2 mm i n s i z e c o n s i s t of v e r y f i n e g r a i n e d 
d i o r i t e / a n d e s i t e dominated by 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 
mm i n s i z e , w i t h i n t e r s t i t i a l patches of v e r y f i n e g r a i n e d b i o t i t e and 
ragged c l u s t e r s of p y r i t e . 

One a n d e s i t e fragment up t o 4 mm a c r o s s i s dominated by 
u n o r i e n t e d p l a g i o c l a s e l a t h s a v e r a g i n g 0.1-0.2 mm i n l e n g t h , w i t h 
abundant i n t e r s t i t i a l p a t c h e s of T i - o x i d e , opaque, and b i o t i t e 
a v e r a g i n g 0.05-0.1 mm i n s i z e . Other p a t c h e s may be e x t r e m e l y f i n e 
g r a i n e d fragments of a n d e s i t e or may be g r a n u l a t e d groundmass; they 
a r e a l t e r e d v a r i a b l y t o s e r i c i t e , c a l c i t e , and opaque. 

The groundmass i s v e r y v a r i a b l e i n c o m p o s i t i o n . P a r t s c o n s i s t of 
s t r o n g l y g r a n u l a t e d r o c k fragments, w i t h minor fragments over 0.1 mm 
i n s i z e surrounded by e x t r e m e l y f i n e g r a i n e d m a t e r i a l , p r o b a b l y 
dominated by p l a g i o c l a s e . Some patches a r e r e p l a c e d 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 l e s s e r s e r i c i t e and b i o t i t e . Other patches 
dominated by s e r i c i t e and/or b i o t i t e may r e p r e s e n t a l t e r e d groundmass 
m a t e r i a l . C a l c i t e forms i r r e g u l a r replacement p a t c h e s up t o a few mm 
a c r o s s of 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 s a v e r a g i n g 0.5-1 mm i n s i z e . 
B i o t i t e forms e x t r e m e l y f i n e g r a i n e d aggregates i n i r r e g u l a r p a t c h e s . 
I t s t e x t u r e s u g g e s t s t h a t i t was formed d u r i n g c o n t a c t metasomatism. 

A replacement p a t c h up t o s e v e r a l mm a c r o s s i s dominated by f i n e 
t o medium g r a i n e d , i n t e r l o c k i n g c a l c i t e g r a i n s , w i t h abundant 
d i s s e m i n a t e d p y r i t e ? g r a i n s a v e r a g i n g 0.04-0.07 mm i n s i z e . Quartz 
forms s c a t t e r e d p a t c h e s of 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 s , 
commonly c o n c e n t r a t e d near the border of the replacement p a t c h . 

fragments 
d i o r i t e 
a n d e s i t e 

35-40% 
3- 4 

groundmass 
rock f l o u r , fragments 35-40% 
c a l c i t e 17-20 
o p a q u e ( p y r i t e ? ) 2- 3 
q u a r t z 0.5 



Sample 04-216.5 Breccia with Matrix of Pyrite-Quartz-Dolomite-
Pyrrhotite-Sphalerite-Chlorite-(Sericite) with 
Trace Electrum and Argentite 

The s e c t i o n i s m a i n l y of the m a t r i x , and o n l y minor fragments are 
p r e s e n t ; t h e s e may not be r e p r e s e n t a t i v e of the sample as a whole. 
A l s o , fragment a r e a l t e r e d s t r o n g l y . They a r e of a n d e s i t e / d a c i t e and 
minor d i o r i t e . The m a t r i x i s dominated by p y r i t e and q u a r t z , w i t h 
l e s s e r p y r r h o t i t e , d o l o m i t e , and s p h a l e r i t e , minor c h l o r i t e and t r a c e 
e l e c t r u m and a r g e n t i t e . 

fragments 
a n d e s i t e / d a c i t e 5- 7% 
d i o r i t e ( ? ) 1- 2 

m a t r i x 
pyr i t e 40-45 s p h a l e r i t e 3- 4 
q u a r t z 20-25 c h a l c o p y r i t e 1 
anker i t e 10-12 g a l e n a t r a c e 
p y r r h o t i t e 5- 7 e l e c t r u m t r a c e 
c h l o r i t e 2- 3 a r g e n t i t e t r a c e 
s e r i c i t e 1 

A n d e s i t e and d a c i t e fragments are up t o 1.5 mm i n s i z e . A n d e s i t e 
fragments c o n s i s t 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 i n t e r g r o w n w i t h 
l e s s e r c h l o r i t e , and w i t h patches of s e r i c i t e and of a n k e r i t e . D a c i t e 
fragments a r e dominated by v e r y f i n e g r a i n e d p l a g i o c l a s e a l t e r e d 
s l i g h t l y t o s t r o n g l y t o s e r i c i t e . One fragment 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 l o r i t e w i t h l e s s e r s e r i c i t e w i t h minor 
T i - o x i d e . A few fragments up t o 0.3 mm i n s i z e a r e dominated by 
T i - o x i d e w i t h l e s s e r s e r i c i t e . Fragments a r e surrounded by and 
r e p l a c e d p a r t l y by 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 
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 s e r i c i t e . 

In a n o t h e r p a r t of the r o c k , one fragment(?) c o n t a i n s s e v e r a l 
g r a i n s of a p a t i t e up t o 0.4 mm i n s i z e surrounded 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 h l o r i t e - a n k e r i t e - q u a r t z . T h i s p r o b a b l y i s a 
s t r o n g l y a l t e r e d fragment of d i o r i t e . 

The v e i n c o n t a i n s p atches r i c h i n p y r i t e and o t h e r s r i c h i n 
q u a r t z . 

S u l f i d e - r i c h p a t c h e s a re dominated by p y r i t e and l e s s e r 
s p h a l e r i t e and p y r r h o t i t e . p y r i t e forms s u b h e d r a l t o a n h e d r a l g r a i n s 
a v e r a g i n g 0.2-2 mm i n s i z e . F i n e r g r a i n e d zones are dominated by 
s u b h e d r a l t o e u h e d r a l p y r i t e w i t h i n t e r s t i t i a l p y r r h o t i t e , 
c h a l c o p y r i t e , and a n k e r i t e . A few c o a r s e r p y r i t e g r a i n s c o n t a i n minor 
i n c l u s i o n s of c h a l c o p y r i t e and p y r r h o t i t e and t r a c e i n c l u s i o n s of 
g a l e n a a v e r a g i n g 0.02-0.05 mm i n s i z e . A few p y r i t e g r a i n s c o n t a i n 
abundant, e x t r e m e l y f i n e g r a i n e d , e x s o l u t i o n l e n s e s of F e - o x i d e ( ? ) . 

P y r r h o t i t e forms i r r e g u l a r patches of f i n e t o medium g r a i n s , i n 
p a r t i n t e r s t i t i a l t o p y r i t e and a v e r a g i n g 0.3-1 mm min s i z e . Much of 
the p y r r h o 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 p y r i t e / m a r c a s i t e , 
which commonly shows s p h e r o i d a l t e x t u r e s . Less a l t e r e d p a t c h e s a r e 
a l t e r e d 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 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 / m a r c a s i t e . 

Deep b r o w n i s h red s p h a l e r i t e forms p a t c h e s up t o 3 mm i n s i z e 
i n t e r g r o w n w i t h p y r i t e , and much s m a l l e r p a t c h e s i n t e r s t i t i a l t o 
p y r i t e . Some of the l a t t e r c o n t a i n minor e x s o l u t i o n b l e b s of 
c h a l c o p y r i t e . 

C h a l c o p y r i t e forms a n h e d r a l patches a v e r a g i n g 0.07-0.25 mm i n 
s i z e , w i t h a few from 0.3-1 mm i n s i z e a s s o c i a t e d w i t h p y r r h o t i t e i n 
i n t e r s t i t i a l p a t c h e s i n p y r i t e . 



Sample 04-216.5 (page 2) 

E l e c t r u m forms a few i n c l u s i o n s i n p y r i t e a v e r a g i n g mm 
i n s i z e , i n p a r t i n t e r g r o w n w i t h g a l e n a . i t i s l i g h t y e l l o w i n c o l o r , 
i n d i c a t i n g a moderate s i l v e r c o n t e n t (15-20%) . A r g e n t i t e o c c u r s a l o n e 
or w i t h e l e c t r u m as g r a i n s up t o 0.02 mm l o n g i n a few i n c l u s i o n s and 
one f r a c t u r e i n p y r i t e . 

I n t e r s t i t i a l t o s u l f i d e s a r e f i n e t o medium g r a i n e d p a t c h e s up t o 
a few mm a c r o s s dominated by a n k e r i t e w i t h much l e s s q u a r t z , c h l o r i t e , 
and s e r i c i t e . Some a n k e r i t e p a t c h e s have a s u b r a d i a t i n g t e x t u r e . 

Q u a r t z 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 , w i t h e u h e d r a l 
t e r m i n a t i o n s common a g a i n s t a n k e r i t e g r a i n s . 

i n t e r s t i t i a l t o p y r i t e , c h l o r i t e forms p a t c h e s of u n o r i e n t e d , 
s l i g h t l y r a d i a t i n g f l a k e s a v e r a g i n g 0.03-0.05 mm i n s i z e , and a few 
s u b r a d i a t i n g c l u s t e r s up t o 0.3 mm a c r o s s . I t a l s o forms r a d i a t i n g 
a g g r e g a t e s a v e r a g i n g 0.2 mm i n diameter i n a n k e r i t e , and c l u s t e r s of 
much f i n e r ones i n a few q u a r t z g r a i n s . A few p a t c h e s of medium 
g r a i n e d a n k e r i t e c o n t a i n abundant i n c l u s i o n s of v e r y f i n e g r a i n e d 
c h l o r i t e . 

S e r i c i t e forms c l u s t e r s of s u b r a d i a t i n g a g g r e g a t e s a v e r a g i n g 
0.05-0.25 mm i n d i a m e t e r . 

Q u a r t z - r i c h p a t c h e s range from f i n e t o c o a r s e g r a i n e d . A few 
i n t e r s t i t i a l p a t c h e s up t o 0.3 mm i n s i z e c o n t a i n r a d i a t i n g a g gregates 
of c a r b o n a t e , which show sharp c o n c e n t r i c growth zones from c o r e s of 
a n k e r i t e / s i d e r i t e t o o u t e r zones of c a l c i t e . S p h a l e r i t e forms minor 
i n t e r s t i t i a l g r a i n s up t o 0.3 mm i n s i z e . 



Sample 04-236 Altered Porphyritic Dacite Flow or Intrusion 

The rock 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 , b i o t i t e and q u a r t z 
i n a v e r y f i n e g r a i n e d groundmass dominated by p l a g i o c l a s e w i t h 
s c a t t e r e d p a t c h e s of q u a r t z , and d i s s e m i n a t e d g r a i n s and c l u s t e r s of 
p y r i t e . A l t e r a t i o n of p l a g i o c l a s e ranges from moderate t o complete t o 
s e r i c i t e - d o l o m i t e / a n k e r i t e . B i o t i t e 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 - d o l o m i t e - T i - o x i d e . A d i s c o n t i n u o u s v e i n l e t i s of 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 7- 8% 
b i o t i t e 2- 3 
quar t z 1- 2 

groundmass 
p l a g i o c l a s e 25-30 
ser i c i t e/muscovi t e 35-40 
d o l o m i t e / a n k e r i t e 17-20 
q u a r t z 3- 4 
pyr i t e 4- 5 
K - f e l d s p a r 1- 2 
T i - o x i d e 1 
a p a t i t e minor 
z i r c o n t r a c e 

v e i n l e t 
dolomi t e 1% 

P l a g i o c l a s e forms s u b h e d r a l p r i s m a t i c p h e n o c r y s t s from 0.5-1.5 mm 
i n s i z e . Most a r e a l t e r e d s t r o n g l y to c o m p l e t e l y t o s e r i c i t e w i t h or 
w i t h o u t minor t o abundant c a r b o n a t e , and a few (at one end of the 
s e c t i o n ) a r e a l t e r e d o n l y m o d e r a t e l y t o s t r o n g l y t o s e r i c i t e . 

B i o t i t e forms s l e n d e r f l a k e s a v e r a g i n g 0.3-1 mm i n l e n g t h . I t i s 
a l t e r e d c o m p l e t e l y t o pseudomorphic mu s c o v i t e w i t h m o d e r a t e l y abundant 
pat c h e s of T i - o x i d e and l e n s e s and patches of d o l o m i t e . 

Quartz forms a n h e d r a l p h e n o c r y s t s a v e r a g i n g 0.1-0.3 mm i n s i z e , 
and a few i r r e g u l a r ones from 0.5-0.8 mm i n s i z e w i t h s t r o n g l y 
r e s o r b e d b o r d e r s a g a i n s t the groundmass. 

The groundmass i s dominated by 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 
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 0.05-0.15 mm i n s i z e . A l t e r a t i o n 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 f l a k e s and patches of a n k e r i t e and/or 
d o l o m i t e ranges i n i n t e n s i t y from moderate at one end t o complete at 
the o t h e r end of the s e c t i o n . 

Quartz forms i n t e r s t i t i a l patches from 0.2-1 mm i n s i z e 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 a g g r e g a t e s , i n p a r t i n t e r g r o w n i n t i m a t e l y 
w i t h groundmass p l a g i o c l a s e . T e x t u r e s grade i n t o those of the 
p h e n o c r y s t s . 

K - f e l d s p a r i s c o n c e n t r a t e d s l i g h t l y i n bands up t o a few mm wide 
as aggregates of v e r y f i n e g r a i n s s u r r o u n d i n g q u a r t z p h e n o c r y s t s and 
i n t e r g r o w n i n t i m a t e l y w i t h groundmass q u a r t z p a t c h e s . I t s 
d i s t r i b u t i o n i s shown i n the s t a i n e d o f f c u t b l o c k . 

P y r i t e forms 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 and c l u s t e r s a v e r a g i n g 
0.05-0.3 mm i n g r a i n s i z e , w i t h c l u s t e r s up t o 1.7 mm i n s i z e . 

T i - o x i d e forms p a t c h e s a v e r a g i n g 0.1-0.3 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 e d a g g r e g a t e s , p r o b a b l y a f t e r o r i g i n a l i l m e n i t e . 

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 , s l e n d e r p r i s m a t i c g r a i n s 
a v e r a g i n g 0.05-0.2 mm i n l e n g t h . 

Z i r c o n forms a few equant g r a i n s up t o 0.05 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 T i - o x i d e , and a e u h e d r a l e l o n g a t e p r i s m a t i c g r a i n 0.1 
mm l o n g . 

A w i s p y , d i s c o n t i n u o u s v e i n l e t up t o 0.08 mm wide i 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 . 

I 



Sample 04-240,5 He t e r o l i t h i c F e l s i c Volcanic Breccia; Quartz-
C a l c i t e - P y r i t e - ( S e r i c i t e - C h l o r i t e ) Groundmass 

The r o c k c o n t a i n s subangular t o subrounded fragments of a v a r i e t y 
of rock t y p e s i n a patch y groundmass of v e r y f i n e g r a i n e d c a l c i t e and 
q u a r t z , w i t h d i s s e m i n a t e d g r a i n s and c l u s t e r s of p y r i t e , and minor 
s e r i c i t e and c h l o r i t e . Fragments are of p l a g i o c l a s e a g g r e g a t e s , 
p o r p h y r i t i c and n o n - p o r p h y r i t i c l a t i t e / d a c i t e , and a few e x o t i c types 
i n c l u d i n g d i o r i t e , b i o t i t e - p h l o g o p i t e - c a l c i t e and h y p a b y s s a l a n d e s i t e . 

fragments 
p l a g i o c l a s e 10-12% 
p o r p h y r i t i c l a t i t e / d a c i t e 30-35 
b i o t i t e - p h l o g o p i t e - c a l c i t e - p y r i t e - T i - o x i d e - a p a t i t e 7- 8 
d i o r i t e 5- 7 
h y p a b y s s a l a n d e s i t e 2- 3 
o t h e r 4- 5 

groundmass 
q u a r t z 15-17 
c a l c i t e 12-15 
pyr i t e 2- 3 
se r i c i t e 1- 2 
c h l o r i t e 0.3 

P l a g i o c l a s e forms p h e n o c r y s t s and c l u s t e r s of p h e n o c r y s t s up to 2 
mm i n s i z e . some of these a r e f r e s h , and o t h e r s ( p r o b a b l y of a 
d i f f e r e n t o r i g i n ) a r e a l t e r e d m o d e r a 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 . S e v e r a l c o n t a i n i n c l u s i o n s of a c i c u l a r t o p r i s m a t i c a p a t i t e 
from 0.05-0.3 mm i n l e n g t h . A few p l a g i o c l a s e c r y s t a l s a r e deformed 
s l i g h t l y t o m o d e r a t e l y , w i t h s l i g h t o f f s e t and warping of a l b i t e t w i n s 
a l o n g f r a c t u r e s . S e v e r a l fragments 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 a g g r e g a t e s of p l a g i o c l a s e , 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 . 

A wide v a r i e t y of t e x t u r e s are p r e s e n t i n fragments of 
d a c i t e / l a t i t e . Some fragments c o n t a i n p l a g i o c l a s e p h e n o c r y s t s up to 1 
mm i n s i z e s u rrounded by 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 
and q u a r t z . i n some of t h e s e , p l a g i o c l a s e 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 s e r i c i t e . Other fragments c o n t a i n p l a g i o c l a s e and minor 
b i o t i t e p h e n o c r y s t s from 0.2-0.7 mm i n s i z 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 of p l a g i o c l a s e and l e s s e r q u a r t z . Some c o n t a i n 
minor t o m o d e r a t e l y abundant K - f e l d s p a r i n the groundmass. P y r i t e and 
T i - o x i d e form d i s s e m i n a t e d g r a i n s and pa t c h e s i n amounts r a n g i n g from 
t r a c e t o l o c a l l y m o d e r a t e l y abundant. 

A few fragments up t o s e v e r a l mm a c r o s s c o n t a i n s c a t t e r e d 
p h e n o c r y s t s of b i o t i t e up t o 0.7 mm i n s i z e i n a groundmass dominated 
by extreme f i n e g r a i n e d , p a l e brown p h l o g o p i t e / s e r i c i t e . Some 
fragments c o n t a i n 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 . O t h e r s c o n t a i n m o d e r a t e l y abundant d i s s e m i n a t e d p a t c h e s of 
p y r i t e and l e s s e r ones of T i - o x i d e . A p a t i t e forms s c a t t e r 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 0.05-0.15 mm i n s i z e . 

One l a r g e fragment of d i o r i t e c o n s i s t s of c o a r s e g r a i n e d 
p l a g i o c l a s e w i t h s c a t t e r e d c l u s t e r s of c h l o r i t e - T i - o x i d e ( a f t e r 
b i o t i t e ) a v e r a g i n g 0.5-0.8 mm i n s i z e , and c l u s t e r s of a p a t i t e 
a v e r a g i n g 0.3-0.5 mm i n g r a i n s i z e . A l t e r e d b i o t i t e g r a i n s c o n t a i n 
networks of T i - o x i d e g r a i n s a l o n g c r y s t a l l o g r a p h i c d i r e c t i o n s , w i t h 
i n t e r s t i t i a l a g g r e g a t e s of v e r y f i n e g r a i n e d c h l o r i t e . 

One fragment i s dominated by p l a g i o c l a s e and l e s s e r m u s c o v i t e 
( a f t e r b i o t i t e ) g r a i n s a v e r a g i n g 0.05-0.1 mm i n s i z e , w i t h m o d e r a t e l y 
abundant a p a t i t e and opaque g r a i n s of s i m i l a r s i z e , and minor c a l c i t e . 

( c o n t i n u e d ) 



Sample 04-240.5 (page 2) 

One fragment c o n t a i n s a ragged p h e n o c r y s t 1.3 mm a c r o s s of q u a r t z 
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 , w i t h minor 
d i s s e m i n a t e d s e r i c i t e and pa t c h e s of c a l c i t e . 

One fragment i s 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 w i t h 
minor d i s s e m i n a t e d T i - o x i d e s p o t s and s c a t t e r e d p a t c h e s up t o 0.5 mm 
i n s i z e of v e r y f i n e g r a i n e d c h l o r i t e a few of which a l s o c o n t a i n a 
p y r i t e g r a i n up t o 0.5 mm i n s i z e . 

A few fragments of h y p a b y s s a l a n d e s i t e ( ? ) up t o 1 mm a c r o s s 
c o n s i s t of a g g r e g a t e s 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 
i n t e r s t i t i a l p a t c h e s of c h l o r i t e and of c a l c i t e , and d i s s e m i n a t e d 
g r a i n s and c l u s t e r s of T i - o x i d e . 

A few fragments up t o 0.7 mm a c r o s s a r e dominated by T i - o x i d e 
i n t e r g r o w n i n t i m a t e l y w i t h v e r y f i n e g r a i n e d p a t c h e s of c a l c i t e and of 
c h l o r i t e . 

The b r e c c i a m a t r i x i s p a t c h y , i n p a r t dominated by equant c a l c i t e 
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 , and i n p a r t dominated by q u a r t z 
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 . Some c o a r s e r g r a i n e d p a t c h e s 
c o n t a i n i n t e r g r o w t h s of c a l c i t e and q u a r t z w i t h p y r i t e . M u s c o v i t e 
forms d i s s e m i n a t e d f l a k e s i n c a l c i t e a v e r a g i n g 0.07-0.15 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 , equant, 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 0.01-0.05 mm i n s i z e , m a i n l y i n c a l c i t e , and a few c o a r s e r 
g r a i n s a v e r a g i n g 0.5-1 mm i n s i z e . 



Sample 04-253 Altered Breccia; Vein of Quartz-Pyrite-Pyrrhotite-
Sphalerite-Calcite with trace Electrum, Argentite, 
and Native Silver(?) 

The rock c o n t a i n s s t r o n g l y a l t e r e d fragments up t o a few mm 
a c r o s s of a few r o c k t y p e s , many of which a r e a l t e r e d and r e p l a c e d by 
q u a r t z . I t i s r e p l a c e d by a f i n e t o l o c a l l y c o a r s e g r a i n e d v e i n of 
q u a r t z - p y r i t e w i t h l e s s e r p y r r h o t i t e , s p h a l e r i t e , and c a l c i t e and a 
t r a c e of e l e c t r u m and a r g e n t i t e , and p o s s i b l y n a t i v e s i l v e r . 

fragments 
s e r i c i t e - r i ch 10-12% 
s e r i c i t e - ( b i o t i t e ) 3- 4 
p o r p h y r i t i c d a c i t e minor 

replacement p a t c h e s 
q u a r t z - r i c h 10-12 
c h l o r i t e - ( q u a r t z ) 3- 4 

v e i n 
q u a r t z 35-40 
pyr i t e 17-20 
s p h a l e r i t e 4- 5 
p y r r h o t i t e 4- 5 
c a l c i t e 3- 4 
c h a l c o p y r i t e 0.1 
g a l e n a t r a c e 
n a t i v e s i l v e r ( ? ) t r a c e 
a r g e n t i t e t r a c e 
e 1 e c t r um t r a c e 
a r s e n o p y r i t e t r a c e 

Some fragments 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 s e r i c i t e 
showing no r e l i c p r i m a r y t e x t u r e s . Other s e r i c i t e - r i c h fragments 
c o n t a i n m o d e r a t e l y abundant f l a k e s of b i o t i t e a v e r a g i n g 0.1-0.2 mm i n 
s i z e . B i o t i t e i s r e p l a c e d by pseudomorphic m u s c o v i t e w i t h abundant 
d u s t y T i - o x i d e . A p a t i t e forms s e v e r a l 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 . Minor m i n e r a l s i n c l u d e c a l c i t e and d i s s e m i n a t e d 
p y r i t e . 

One fragment c o n t a i n s a few subrounded p h e n o c r y s t s of q u a r t z up 
t o 0.25 mm a c r o s 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 w i t h minor patches of a n k e r i t e . 

Some replacement p a t c h e s up t o a few mm a c r o s s 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 i n t e r s t i t i a l 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 c h l o r i t e , minor 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 s e r i c i t e , 
and minor d i s s e m i n a t e d a p a t i t e . One of t h e s e c o n t a i n s a r e l i c 
q u a r t z p h e n o c r y s t 0.3 mm i n s i z e . Other replacement p a t c h e s c o n s i s t 
of v e r y f i n e g r a i n e d c h l o r i t e w i t h l e s s e r q u a r t z and c a l c i t e ; t hese 
g e n e r a l l y b o r d e r t h e v e i n and c o n t a i n abundant f i n e t o medium g r a i n s 
of p y r i t e . G r a d a t i o n s i n t e x t u r e and c o m p o s i t i o n e x i s t between 
d i f f e r e n t t y p e s of replacement p a t c h e s . 

In t he v e i n , q u a r t z forms aggregates of v e r y f i n e t o medium and 
l o c a l l y c o a r s e g r a i n s . L o c a l l y a g a i n s t c a l c i t e t h e s e have e u h e d r a l 
t e r m i n a t i o n s . 

P y r i t e forms d i s s e m i n a t e d 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 
g r a i n s a v e r a g i n g 0.1-0.5 mm i n s i z e , w i t h a few g r a i n s up t o 0.9 mm i n 
s i z e . G r a i n s commonly c o n t a i n i r r e g u l a r i n c l u s i o n s of n o n - r e f l e c t i v e 
m i n e r a l s , and a few a l s o c o n t a i n minor i n c l u s i o n s up t o 0.07 mm i n 
s i z e of p y r r h o t i t e . 

S p h a l e r i t e forms a n h e d r a l patches up t o a few mm i n s i z e , 
c o n c e n t r a t e d i n a v e i n l i k e zone up t o 2 mm wide i n the c e n t e r of the 
s e c t i o n . A few g r a i n s c o n t a i n minor e x s o l u t i o n ( ? ) i n c l u s i o n s of 
p y r r h o t i t e . 

i 
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P y r r h o t i t e forms p a t c h e s a v e r a g i n g 0.1-0.5 mm i n s i z e , w i t h a few 
at one s i d e of the s e c t i o n up t o 1.5 mm a c r o s s . Much of i t i s a l t e r e d 
t o s e c o n d a r y p y r i t e / m a r c a s i t e w i t h p o o r l y developed c o l l o f o r m 
t e x t u r e s . 

C a l c i t e forms i n t e r s t i t i a l f i n e t o l o c a l l y c o a r s e g r a i n s , 
i n t e r s t i t i a l t o q u a r t z and s u l f i d e s . 

C h a l c o p y r i t e forms a few l e n s e s and p a t c h e s up t o 0.18 mm l o n g i n 
f r a c t u r e s i n p y r i t e . 

G alena forms a few i n c l u s i o n s up t o 0.08 mm i n s i z e i n p y r i t e . 
One i n c l u s i o n 0.1 mm l o n g i n p y r i t e c o n s i s t s of e q u a l amounts of 

g a l e n a and an i s o t r o p i c s i l v e r y - w h i t e m i n e r a l w i t h h i g h r e f l e c t i v i t y 
( n a t i v e s i l v e r ?) w i t h minor p y r r h o t i t e . A second i n c l u s i o n 0.06 mm 
a c r o s s c o n s i s t s of g a l e n a , p y r r h o t i t e , minor p a l e y e l l o w e l e c t r u m , and 
minor a r g e n t i t e . One v e i n l e t i n p y r i t e c o n t a i n s a l e n s 0.1 mm l o n g of 
e l e c t r u m and a r g e n t i t e . 

A r s e n o p y r i t e forms a few s u b h e d r a l t o e u h e d r a l i n c l u s i o n of 
p y r i t e a v e r a g i n g 0.02-0.03 mm i n s i z e . 



Sample 10-77 Chert; Vein of Quartz-Calcite-Sphalerite-Mineral X-
Galena-Tetrahedr i te-Chalcopyr i te-(Electrum) 

An 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 i s c u t by numerous q u a r t z 
v e i n l e t s and by a major v e i n dominated by q u a r t z and 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 p a t c h e s of s u l f i d e s and s u l f o s a l t s dominated by 
s p h a l e r i t e , g a l e n a , M i n e r a l X f c h a l c o p y r i t e , and t e t r a h e d r i t e . Minor 
e l e c t r u m i s i n t e r g r o w n w i t h s u l f i d e s . The sample i s t h r o u g h the v e i n 
zone and c o n t a i n s p a t c h e s of host rock a l o n g one s i d e . 

host r o c k 
c h e r t 15-17% (of s e c t i o n , much h i g h e r i n sample) 
d o l o m i t e 0.2 
p y r i t e minor 
g a l e n a t r a c e 
v e i n l e t s 
q u a r t z 1- 2 
c h l o r i t e 0.3 
d o l o m i t e 0.2 

main v e i n 
q u a r t z 30-35 
c a l c i t e 30-35 
c h l o r i t e 5- 7 
s p h a l e r i t e 3- 4 
M i n e r a l X 4 - 5 
g a l e n a 3- 4 
c h a l c o p y r i t e 0.7 
t e t r a h e d r i t e 0.4 
p y r i t e 0.3 
a r s e n o p y r i t e t r a c e 
e l e c t r u m t r a c e 

The h o s t r o c k i s dominated by 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 of 
q u a r t z a v e r a g i n g 0.01-0.015 mm i n s i z 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 g r a i n s a v e r a g i n g 0.015-0.03 mm a c r o s s . D o l o m i t e forms 
d i s s e m i n a t e d p a t c h e s a v e r a g i n g 0.03-0.05 mm i n s i z e . P y r i t e and 
g a l e n a each forms d i s s e m i n a t e d , e u 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 
0.0 2-0.03 mm i n s i z e . 

E a r l y v e i n l e t s a v e r a g i n g 0.03-0.15 mm wide are 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 much l e s s d o l o m i t e and c h l o r i t e . L a r g e r 
v e i n l e t s ( a v e r a g i n g 0.3-0.6 mm wide) p r o b a b l y are r e l a t e d i n o r i g i n t o 
the main v e i n i n t o which t h e y merge. These are dominated by q u a r t z 
w i t h much l e s s e r p a t c h e s of c h l o r i t e and of d o l o m i t e . 

The main v e i n i s dominated by f i n e t o medium g r a i n e d q u a r t z and 
c a l c i t e , which commonly show a patchy d i s t r i b u t i o n . Commonly c a l c i t e 
and s u l f i d e s a r e i n t e r s t i t i a l t o q u a r t z , and q u a r t z shows s u b h e d r a l t o 
e u h e d r a l c r y s t a l f a c e s a g a i n s t them. 

C h l o r i t e forms p a t c h e s up t o 1.5 mm a c r o s s of 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 showing s u b p a r a l l e l t o s u b r a d i a t i n g 
t e x t u r e s . L o c a l l y , v e r y f i n e g r a i n e d , s u b r a d i a t i n g p a t c h e s of 
c h l o r i t e c o n t a i n m o d e r a t e l y abundant g a l e n a i n t e r g r o w n a l o n g g r a i n 
b o r d e r s . 

S p h a l e r i t e (deep bro w n i s h red) forms a n h e d r a l p a t c h e s a v e r a g i n g 
0.7-2 mm i n s i z e . A few p a t c h e s c o n t a i n m o d e r a t e l y abundant 
e x s o l u t i o n l e n s e s and b l e b s of c h a l c o p y r i t e . 

Galena o c c u r s i n a n h e d r a l patches up t o a few mm a c r o s s , m a i n l y 
i n t e r s t i t i a l t o q u a r t z , i n which i t i s i n t e r g r o w n w i t h f i n e g r a i n e d 
M i n e r a l x or l e s s commonly w i t h v e r y f i n e g r a i n e d t e t r a h e d r i t e . 

( c o n t i nued) 

1 
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M i n e r a l X forms patches up t o 1 mm i n s i z e , and v e r y f i n e t o f i n e 
g r a i n e d , submosaic i n t e r g r o w t h s w i t h galena up t o a few mm a c r o s s . In 
a few p a t c h e s , broad c o r e s of f i n e t o medium g r a i n e d M i n e r a l x are 
rimmed by an i n t i m a t e i n t e r g r o w t h of t e t r a h e d r i t e and g a l e n a , which i n 
t u r n commonly i s b o r d e r e d by patches of c h a l c o p y r i t e . M i n e r a l X has 
the f o l l o w i n g p r o p e r t i e s : hardness s l i g h t l y g r e a t e r than g a l e n a , 
r e f l e c t i v i t y s l i g h t l y lower than g a l e n a , s l i g h t b i r e f l e c t a n c e , s t r o n g 
a n i s o t r o p i s m w i t h no d i s t i n c t c o l o r s . The m i n e r a l which comes c l o s e s t 
t o t h e s e p r o p e r t i e s i s b o u l a n g e r i t e , but i t s hardness i s r e p o r t e d as 
eq u a l t o or l e s s than t h a t of g a l e n a . 

C h a l c o p y r i t e forms a few patches t o 1 mm i n s i z e i n c a l c i t e , and 
p a t c h e s up t o 2 mm a c r o s s b o r d e r i n g patches of M i n e r a l X-galena-
t e t r a h e d r i t e . 

Galena forms a n h e d r a l patches up t o a few mm a c r o s s . I t commonly 
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 v e r y f i n e g r a i n e d p a t c h e s of M i n e r a l X. 
B o r d e r i n g t h e s e p a t c h e s , g a l e n a commonly 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 
extreme f i n e t o v e r y f i n e g r a i n e d , s u b r a d i a t i n g t o r a d i a t i n g 
a g g r e g a t e s of c h l o r i t e . 

A few 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 c o n t a i n i n t i m a t e 
i n t e r g r o w t h s of M i n e r a l x and t e t r a h e d r i t e , i n t e r g r o w n more c o a r s e l y 
w i t h g a l e n a , c h a l c o p y r i t e and s p h a l e r i t e , the l a s t c o n t a i n i n g abundant 
e x s o l u t i o n b l e b s and l e n s e s of c h a l c o p y r i t e . 

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 0.1-0.2 mm 
i n s i z e , and p a t c h e s of 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 from 0.3-0.8 mm 
i n s i z e i n t e r g r o w n w i t h s u l f i d e s . 

A r s e n o p y r i t e forms s c a t t e r 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 0.05-0.1 
mm i n s i z e e n c l o s e d i n p a t c h e s of g a l e n a - M i n e r a l x. 

E l e c t r u m (?) forms a few g r a i n a v e r a g i n g 0.03-0.08 mm i n s i z e i n 
p a t c h e s of g a l e n a , M i n e r a l X, and t e t r a h e d r i t e , and a l o n g b o r d e r s of 
the s e p a t c h e s w i t h c a l c i t e . Two g r a i n s 0.02-0.025 mm i n s i z e and a 
few much s m a l l e r ones occur on and near the border of a p y r i t e g r a i n 
and M i n e r a l X. E l e c t r u m ( ? ) has a p a l e cream t o p a l e y e l l o w c o l o r , 
h i g h r e f l e c t i v i t y , and i s much s o f t e r than g a l e n a . 

Hematite forms a c l u s t e r of l a r g e l y s u b p a r a l l e l , t h i n p l a t e s up 
t o 0.2 mm i n l e n g t h i n a g r a i n of q u a r t z . 



Sample 11-101 Fragments of porphyritic (Quartz) Rhyolite in 
Groundmass of porphyritic Dacite; 
Exotic Chert-Opaque-Epidote Fragment; 
patch of Calcite-Pyrite-(Chlorite) 

The sample c o n t a i n s subrounded fragments up t o s e v e r a l cm a c r o s s 
of p o r p h y r i t i c r h y o l i t e c o n t a i n i n g q u a r t z and K - f e l d s p a r 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 t o v e r y f i n e g r a i n e d groundmass dominated by 
K - f e l d s p a r , w i t h p a t c h e s of c a l c i t e . Fragments are s e t i n a 
groundmass of s l i g h t l y p o r p h y r i t i c d a c i t e w i t h q u a r t z p h e n o c r y s t s and 
c a l c i t e p a t c h e s i n a groundmass dominated by p l a g i o c l a s e . One 
e x o t i c fragment i s of an o p a q u e - r i c h c h e r t w i t h unusual 
a c i c u l a r p o r p h y r o b l a s t s of e p i d o t e ( ? ) . A replacement p a t c h up t o a 
few cm l o n g i s dominated by c a l c i t e and b o r d e r e d by p y r i t e w i t h minor 
c h l o r i t e . 

Rhyolite (60-65%) 

p h e n o c r y s t s 
q u a r t z 4- 5% 
K - f e l d s p a r 1- 2 

fragments 
p l a g i o c l a s e a g g r e g a t e s 3- 4 

groundmass 
K - f e l d s p a r - ( p l a g i o c l a s e - q u a r t z ) 50-55 
c a l c i t e 2- 3 
p y r i t e 0.1 

replacement p a t c h e s 
q u a r t z - ( c h l o r i t e - c a l c i t e ) 0.3 

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

In the r h y o l i t e , q u a r t z forms subrounded p h e n o c r y s t s a v e r a g i n g 
0.2-1 mm i n s i z e , w i t h a few c l u s t e r s up t o 2 mm a c r o s s . K - f e l d s p a r 
forms s u b h e d r a l p h e n o c r y s t s up t o 1.7 mm i n s i z e . I t i s a l t e r e d 
m o d e r a t e l y t o p a t c h e s of c a l c i t e , and l o c a l l y l e s s e r p y r i t e and minor 
e p i d o t e . p l a g i o c l a s e o c c u r s i n patches up t o 1.5 mm i n s i z e of 
a n h e d r a l , equant g r a i n s a v e r a g i n g 0.2-0.7 mm i n s i z e . These a r e 
r e p l a c e d s l i g h t l y t o s t r o n g l y by c a l c i t e , and l o c a l l y by c h l o r i t e and 
t r e m o l i t e . The groundmass 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 
dominated by K - f e l d s p a r w i t h much l e s s p l a g i o c l a s e and q u a r t z , and 
w i t h minor i r r e g u l a r , replacement patches of d o l o m i t e . 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 0.03-0.15 mm i n 
s i z e . I t c o n t a i n s a few replacement p a t c h e s up t o 1 mm a c r o s s 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 l e s s e r c a l c i t e and c h l o r i t e . The r h y o l i t e 
c u t by a few v e i n l e t s up t o 0.02 mm wide of q u a r t z , and up t o 0.05 mm 
wide of c a l c i t e . Some of the l a t t e r are a s s o c i a t e d w i t h replacement 
p a t c h e s of c a l c i t e . 

Dacite 25-30% 

p h e n o c r y s t s 
q u a r t z 1- 2% 

groundmass 
p l a g i o c l a s e - q u a r t z - ( K - f e l d s p a r ) 17-20 
c a l c i t e 4- 5 
c h l o r i t e 2- 3 
p y r i t e 0.2 
a p a t i t e t r a c e 
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Q u a r t z p h e n o c r y s t s are as i n the r h y o l i t e , but g e n e r a l l y s m a l l e r , 
a v e r a g i n g 0.1-0.2 mm i n s i z e . The groundmass averages 0.02-0.03 mm i n 
g r a i n s i z e and i s dominated by p l a g i o c l a s e w i t h l e s s e r q u a r t z and 
minor K - f e l d s p a r . C a l c i t e forms i r r e g u l a r replacement p a t c h e s 
a v e r a g i n g 0.2-1 mm i n s i z e . C h l o r i t e forms pa 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 of v e r y f i n e g r a i n e d f l a k e s . A p a t i t e forms a few a n h e d r a l 
g r a i n s a v e r a g i n g 0.05-0.07 mm i n s i z e . 

Exotic Fragment (2- 3%) 

The r o c k c o n t a i n s an e x o t i c fragment up t o s e v e r a l mm a c r o s s ( i n 
the second t h i n s e c t i o n ) . I t c o n t a i n s s p h e r o i d a l 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 e n c l o s e d i n a groundmass of c r y p t o c r y s t a l l i n e 
q u a r t z ( ? ) w i t h abundant d u s t y opaque. E p i d o t e forms e l o n g a t e , 
p r i s m a t i c t o a c i c u l a r g r a i n s up to 1 mm i n l e n g t h i n random 
o r i e n t a t i o n . p y r i t e forms s c a t t e r 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 0.1-0.3 mm i n s i z e . E p i d o t e and p y r i t e form s i m i l a r 
p o r p h y r o b l a s t s i n the s u r r o u n d i n g d a c i t e . 

Replacement Patch (5- 7%) 

c a l c i t e 3- 4 
p y r i t e 1- 2 
c h l o r i t e 1- 2 

The replacement p a t c h c o n t a i n s a c o r e of submosaic t o i r r e g u l a r 
c a l c i t e g r a i n s a v e r a g i n g 0.1-0.25 mm i n g r a i n s i z e . I t i s b o r d e r e d by 
a zone up t o 1 mm wide dominated by v e r y f i n e t o f i n e g r a i n e d p y r i t e 
i n t e r g r o w n w i t h l e s s e r 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 l o r i t e . Some 
p y r i t e p a t c h e s e x t e n d i n t o the core of the zone. O u t s i d e the 
p y r i t e - r i c h zone i s an i r r e g u l a r r e p l a c e m e n t ( ? ) zone up t o 1 mm wide 
dominated by v e r y f i n e g r a i n e d c h l o r i t e . 



Sample 11-135,6 Layered L i t h i c Sandstone, Pebble Breccia; 
Replacement Patches of pyrite-(Tremolite), 
Quartz-Sericite and pyrite-Calcite-Quartz-(Tremolite) 

The r o c k c o n t a i n s t h r e e main l a y e r s , an upper one of a medium 
l i t h i c s a n d s t o n e dominated by fragments from 0.7-1.5 mm i n s i z e i n a 
s p a r s e groundmass, a m i d d l e one s e v e r a l mm t h i c k of f i n e l i t h i c 
s a n d s t o n e , and a lower one of pebble b r e c c i a w i t h fragments of c h e r t 
up t o a few cm a c r o s 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. 
Replacement by p y r i t e i s common i n c h e r t y fragments i n the pebble 
b r e c c i a and i n t h e groundmass of the medium l i t h i c s a n d s t o n e . A 
replacement p a t c h up t o a few mm a c r o s s i n the pebble b r e c c i a c o n s i s t s 
of s e r i c i t e and q u a r t z , and a s m a l l e r one c o n s i s t s of p y r i t e rimming a 
c o r e of c a l c i t e - q u a r t z - ( t r e m o l i t e ) . 

Pebble Breccia 

T h i s c o n t a i n s fragments up t o a few cm a c r o s s (average 1-5 mm) of 
a few t y p e s of c h e r t . These range from c r y p t o c r y s t a l l i n e v a r i e t i e s 
w i t h abundant d u s t y opaque and minor q u a r t z v e i n l e t s t o e x t r e m e l y f i n e 
g r a i n e d v a r i e t i e s r e l a t i v e l y f r e e of d u s t y opaque. D i s s e m i n a t e d 
c a l c i t e p a t c h e s o c c u r i n s e v e r a l fragments. 

The l a r g e s t fragment i n the s e c t i o n c o n t a i n s a l a y e r of each 
t y p e . At one end of t h i s fragment i s a l a y e r or replacement zone up 
t o 1 mm wide dominated by v e r y f i n e g r a i n e d p y r i t e . A few p a t c h e s up 
t o 0.3 mm i n s i z e i n the l a r g e fragment c o n s i s t of i n t e r g r o w t h s of 
p y r i t e w i t h l e s s e r t r e m o l i t e . The f i n e r g r a i n e d c h e r t l a y e r c o n t a i n s 
a f o s s i l 0.22 mm i n d i a m e t e r , which appears t o be a c r o s s - s e c t i o n of a 
rugose c o r a l . 

S e v e r a l fragments c o n t a i n replacement patches up t o a few mm 
a c r o s s dominated by f i n e t o l o c a l l y medium g r a i n e d , 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 , w i t h i n c l u s i o n s and i n t e r s t i t i a l p a t c h e s of 
p r i s m a t i c t o a c i c u l a r t r e m o l i t e . 

The groundmass i s e x t r e m e l y f i n e t o v e r y f i n e g r a i n e d and 
dominated by f e l d s p a r s and q u a r t z . I t c o n t a i n s p o r p h y r o b l a s t s up t o 
1.5 mm i n s i z e of p y r i t e w i t h l e s s e r i n t e r g r o w n t r e m o l i t e (as i n the 
c h e r t f r a g m e n t s ) . A few p a t c h e s up t o 0.2 mm i n s i z e a r e dominated by 
d u s t y opaque. 

A r e p l a c e m e n t p a t c h up t o 1.3 cm a c r o s s i s dominated by patches 
of 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 s e r i c i t e , and o t h e r s of f i n e t o 
medium g r a i n e d q u a r t z . P y r i t e forms s c a t t e r e d g r a i n s and c l u s t e r s , 
m a i n l y i n q u a r t z . 

A second r e p l a c e m e n t p a t c h up t o 3.5 mm a c r o s s c o n t a i n s an o u t e r 
zone dominated by p y r i t e - ( t r e m o l i t e ) and a c o r e dominated by q u a r t z , 
c a l c i t e , and t r e m o l i t e , w i t h minor d i s s e m i n a t e d p y r i t e . 

Fine L i t h i c Sandstone 

In t h i s l a y e r , fragments a r e d i f f u s e and i n l a r g e p a r t s i m i l a r i n 
c o m p o s i t i o n t o t h e groundmass, which i s dominated by e x t r e m e l y f i n e 
g r a i n e d f e l d s p a r s and q u a r t z . Chert forms fragments a v e r a g i n g 0.2-0.5 
mm i n s i z e . Q u a r t z forms s e v e r a l 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 . 
M o d e r a t e l y abundant fragments up t o 0.15 mm i n s i z e 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 T i - o x i d e . Replacement p a t c h e s 
are s i m i l a r t o some of those i n the pebble b r e c c i a , b e i n g dominated by 
p y r i t e w i t h l e s s t r e m o l i t e , and minor c a l c i t e and c h l o r i t e . 



Sample 11-135.6 (page 2) 

Coarse L i t h i c Sandstone 

T h i s l a y e r c o n t a i n s fragments a v e r a g i n g 1-2 mm i n s i z e of a 
v a r i e t y of r o c k t y p e s , many of which are s i m i l a r t o fragment types i n 
the pebble b r e c c i a . Most i m p o r t a n t types i n c l u d e t h e f o l l o w i n g : 

1) a few v a r i e t i e s of c h e r t ( i n c l u d i n g some r i c h i n d u s t y 
opaque) , 

2) q u a r t z p h e n o c r y s t s / c r y s t a l s up t o 1 mm i n s i z e , 
3) v e r y f i n e g r a i n e d aggregates dominated by q u a r t z w i t h l e s s e r 

d o l o m i t e and minor p y r i t e , 
4) v e r y f i n e t o f i n e g r a i n e d aggregates of q u a r t z , i n p a r t 

r e c r y s t a l l i z e d i n pa t c h e s t o extreme f i n e g r a i n e d a g g r e g a t e s , 

The groundmass i s as i n t h e o t h e r l a y e r s , b e i n g dominated by 
f e l d s p a r s and q u a r t z . 

Replacement p a t c h e s are abundant, and dominated by 
p o r p h y r o b l a s t i c p y r i t e g r a i n s a v e r a g i n g 0.5-1 mm i n s i z e . G e n e r a l l y 
i n t e r g r o w n w i t h t h e s e a r e e l o n g a t e p r i s m a t i c g r a i n s of t r e m o l i t e . A 
few p a t c h e s c o n s i s t of p y r i t e i n t e r g r o w n w i t h c h l o r i t e . T r e m o l i t e 
a l s o forms a few replacement patches a v e r a g i n g 0.2-0.6 mm i n s i z e of 
e l o n g a t e , i n p a r t s u b r a d i a t i n g g r a i n s . One c h e r t fragment i s r e p l a c e d 
by an i r r e g u l a r p a t c h up t o 0.4 mm a c r o s s of s u b p a r a l l e l , stubby 
p r i s m a t i c g r a i n s of t r e m o l i t e . 



Sample 11-243 Chert/(Andesite)-Fragment pebble Breccia with 
Groundmass Dominated by Calcite-(Quartz-Pyrite); 
Veinlets of Calcite-Quartz-Gypsum 

The sample c o n t a i n s a n g u l a r t o s u b a n g u l a r fragments of a few main 
and e x o t i c r o c k t y p e s a v e r a g i n g 1-3 mm i n s i z e , w i t h m o d e r a t e l y 
abundant fragments from 5-15 mm i n s i z e . Fragments a r e dominated by 
s e v e r a l v a r i e t i e s of c h e r t , w i t h much l e s s e r ones of a t l e a s t two 
t y p e s of a n d e s i t e , deformed d i o r i t e ( ? ) , and o p a q u e - r i c h , and minor 
ones of q u a r t z g r a i n s and a g g r e g a t e s . The groundmass i s dominated by 
c a l c i t e w i t h l e s s e r q u a r t z , minor p y r i t e and a t r a c e of t r e m o l i t e 

fragments 
c h e r t 65-70% 
andes i t e 7- 8 
d i o r i t e 4- 5 
q u a r t z a g g r e g a t e s 0.7 
a p a t i t e t r a c e 

groundmass 
c a l c i t e 12-15 
q u a r t z 3- 4 
pyr i t e 1- 2 
t r e m o l i t e 0.1 • 

v e i n l e t s 
c a l c i t e - q u a r tz-

gypsum 0.2% 

Chert fragments a r e of two main t y p e s , w i t h g r a d a t i o n between 
typ e s and v a r i a t i o n s w i t h i n t y p e s . Some a r e r e l a t i v e l y f r e e of 
opaque, and a r e dominated by 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 
0.01-0.02 mm i n g r a i n s i z e . Others c o n t a i n abundant t o m o d e r a t e l y 
abundant opaque; t h e s e g e n e r a l l y are c r y p t o c r y s t a l 1 i n e . A few of the 
l a t t e r type c o n t a i n d i s s e m i n a t e d , s p h e r o i d a l p a t c h e s of c l e a r q u a r t z 
a v e r a g i n g 0.05-0.08 mm i n s i z e . Some fragments a l s o c o n t a i n minor t o 
m o d e r a t e l y abundant K - f e l d s p a r i n the groundmass ( i d e n t i f i e d o n l y i n 
s t a i n e d o f f c u t b l o c k ) . Many are c u t by v e i n l e t s and v e i n s up t o 0.3 
mm i n w i d t h 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 or w i t h o u t p a t c h e s of 
c a l c i t e . A few a r e r e p l a c e d by c l u s t e r s up t o 1 mm i n s i z e of 
s u b h e d r a l t o e u h e d r a l p y r i t e g r a i n s a v e r a g i n g 0.1-0.4 mm i n s i z e . 
S e v e r a l fragments up t o 1.7 mm i n s i z e and p o s s i b l y r e l a t e d i n o r i g i n 
t o the above t y p e 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 opaque, 
w i t h minor i n t e r s t i t i a l c r y p t o c r y s t a l l i n e q u a r t z . One e l o n g a t e 
fragment 2 mm l o n g i s of v e r y f i n e g r a i n e d , submosaic q u a r t z . 

S e v e r a l fragments up t o 3 mm i n s i z e c o n t a i n 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 p l a g i o c l a s e p h e n o c r y s t s 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 . A few a n d e s i t e fragments up t o 3 mm i n s i z e a re 
of e x t r e m e l y f i n e g r a i n e d a n d e s i t e c o n t a i n i n g minor l a t h y p l a g i o c l a s e 
g r a i n s up t o 0.05 mm l o n g i n a groundmass of p l a g i o c l a s e 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 T i - o x i d e . 

A few fragments a r e of deformed d i o r i t e , dominated by f i n e t o 
medium g r a i n e d p l a g i o c l a s e i n a groundmass of g r a n u l a t e d p l a g i o c l a s e ; 
a l t e r a t i o n i s s l i g h t t o moderate i n p atches t o c a l c i t e . One 
a p a t i t e fragment 0.3 mm a c r o s s p r o b a b l y came from the d i o r i t e . 

I n t e r s t i t i a l p a t c h e s up t o a few mm a c r o s s a r e dominated by f i n e 
t o l o c a l l y medium g r a i n e d c a l c i t e . Quartz forms p a t c h e s up t o 1.5 mm 
i n s i z e 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 . P y r i t e forms s c a t t e r 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 up t o 1.5 mm i n s i z e . T r e m o l i t e forms 
c l u s t e r s of a few s u b p a r a l l e l , p r i s m a t i c g r a i n s up t o 0.2 mm i n 
l e n g t h , m a i n l y on b o r d e r s of c a l c i t e p a t c h e s . 

L a t e v e i n l e t s up t o 0.05 mm wide are of c a l c i t e , q u a r t z , and gypsum. 
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