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Dear J e a n , 
E n c l o s e d p l e a s e f i n d p e t r o g r a p h i c d e s c r i p t i o n s , t h i n s e c t i o n s 

and r e m a i n i n g sample m a t e r i a l f o r 10 specimens s u b m i t t e d t o us i n 
august. 

Specimens 9 2750, 22709 and 27714 a r e a l l from a t r a c h y t i c 
v o l c a n i c c e n t e r , w h i c h was e x t e n s i v e l y v e i n e d by q u a r t z and ch a l c e d o n y . 
No m i n e r a l s o f economic imp o r t a n c e were o b s e r v e d i n the t h i n s e c t i o n s . 

The JP samples a r e h y p a b y s s a l (JP-1) and e f f u s i v e (JP-2) t r a c h y -
a n d e s i t e s , w h i c h a r e l o c a l l y c o n s i d e r a b l y a l t e r e d (JP-3) and c r o s s c u t 
by a m u l t i s t a g e v e i n network (JP-5 & -6) . Samples -5 & -6 c o n t a i n up t o 
10% g a l e n a and s p h a l e r i t e , a s s o c i a t e d w i t h e a r l y q u a r t z v e i n s . 

I hope t h e s e d e s c r i p t i o n s a r e s a t i s f a c t o r y and o f some use t o you. 
P l e a s e do n o t h e s i t a t e t o c a l l me a t our F o r t L a n g l e y o f f i c e i f you have 
any f u r t h e r i n q u i r i e s r e g a r d i n g t h e s e samples. 

Yo 

P e t e r v v der Heyden 
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Specimen : JP-1 GRIZ 1 SHOWING 
C l a s s i f i c a t i o n : T r a c h y a n d e s i t e ( h y p a b y s s a l ) 

Mode P l a g i o c l a s e 65-70% 
10-15% 
5-10% 

K-spar 
Q u a r t z 
B i o t i t e 2% 

5% 
t r 
5% 

C h l o r i t e & c a r b o n a t e 
Z i r c o n and a p a t i t e 
Opaques 

Handspecimen : M a s s i v e , n o n c r y s t a l l i n e , g r e y , medium t o f i n e g r a i n e d 
v o l c a n i c o r h y p a b y s s a l r o c k . The s t a i n e d b l o c k i n d i c a t e s a t r a c h y a n d e s i t i c 
t o d a c i t i c c o m p o s i t i o n . S m a l l f l a k e s o f b i o t i t e a r e m a c r o s c o p i c a l l y v i s i b l e . 
S m a l l b l e b s o f d i s s e m i n a t e d p y r i t e a r e l o c a l l y p r e s e n t . 

T h i n s e c t i o n : T e x t u r e : i n t e r g r a n u l a r , medium g r a i n e d . 
P l a g i o c l a s e o c c u r s as abundant, s u b h e d r a l t o e u h e d r a l , randomly o r i e n t e d 
l a t h s and a few p h e n o c r y s t s up t o 2.5 mms. l o n g . C a r l s b a d , a l b i t e and p e r i c l i n e 
t w i n n i n g a r e a l l p r e s e n t . Many c r y s t a l s a r e zoned, w i t h c o m p o s i t i o n s r a n g i n g 
from a l b i t e (rims) t o a n d e s i n e ( c o r e s ) . The p l a g i o c l a s e i s l o c a l l y a b i t 
a l t e r e d t o s a u s s u r i t e . 
K-spar i s r a t h e r h a r d t o d i s t i n g u i s h from q u a r t z i n t h i n s e c t i o n . Both 
o c c u r as a n h e d r a l g r a i n s o c c u p y i n g the i n t e r s t i c e s between p l a g i o c l a s e 
l a t h s . Q u a r t z l o c l a l l y c o n t a i n s e u h e d r a l a p a t i t e i n c l u s i o n s . 
B i o t i t e forms s u b h e d r a l t o a n h e d r a l f l a k e s up t o .8 mms. i n s i z e . I t i s 
brown p l e o c h r o i c , l o c a l l y a b i t c h l o r i t i z e d and sometimes a s s o c i a t e d w i t h 
g r a n u l a r opaques. 
Carbonate and c h l o r i t e o c c u r t o g e t h e r i n f i n e g r a i n e d , i r r e g u l a r p a t c h e s 
of up t o 1.5 mms. i n s i z e , s c a t t e r e d t h r o u g h o u t the r o c k . These a r e most 
l i k e l y a l t e r e d a m p h i b o l e s . L o c a l l y the p a t c h e s a r e pseudomorphs a f t e r 
amphibole. 
A p a t i t e i s p r e s e n t i n s m a l l amounts, as a c c e s s o r y m i c r o l i t e s . 
Z i r c o n o c c u r s i n t r a c e amounts as s m a l l , e u h e d r a l m i c r o l i t e s (.1 mm. s i z e ) . 
Opaques a r e p r e s e n t as e u h e d r a l g r a n u l e s and a g g r e g a t e s up t o .5 mms. 
Much o f t h i s i s p r o b a b l y p y r i t e , w h i ch can l o c a l l y be seen i n handspecimen. 



Specimen : JP-2 GRIZ 3 SHOWING 

C l a s s i f i c a t i o n : T r a c h y a n d e s i t e ( v o l c a n i c ) 

Mode : P l a g i o c l a s e 35-40% 
K-spar 40% 
C a l c i t e & o t h e r secondary m i n r l s . 1 0 % 
B i o t i t e 5% 
Qu a r t z <5% 
A c c e s s o r i e s 1% 
Opaques 1% 

Handspecimen : Grey, m a s s i v e v o l c a n i c r o c k c o n t a i n i n g p h e n o c r y s t s o f 
p l a g i o c l a s e , a l t e r e d ( c a l c a r e o u s ) amphibole and b i o t i t e . The m a t r i x i s 
v e r y r i c h i n K-sp a r , as i n d i c a t e d by the y e l l o w c o l o u r i n the s t a i n e d 
b l o c k . 

T h i n s e c t i o n : T e x t u r e : p o r p h y r i t i c , n o n c r y s t a l l i n e ; most l i k e l y a 
e f f u s i v e r o c k . 
P l a g i o c l a s e o c c u r s as e u h e d r a l and s u b h e d r a l p h e n o c r y s t s r a n g i n g up t o 
5 mms. i n s i z e . A l t h o u g h f i n e l y d evelopped o s c i l l a t o r y z o n i n g i s p r e s e n t 
i n many o f t h e l a t h s , t h e average c o m p o s i t i o n appears t o be An-40, a n d e s i n e . 
(Determined by combined c a r l s b a d / a l b i t e method). C a r l s b a d , a l b i t e and 
p e r i c l i n e t w i n n i n g a r e a l l p r e s e n t . A l l g r a i n s c o n t a i n s m a l l p a t c h e s and 
t h i n v e i n l e t s o f secondary c a r b o n a t e . 
B i o t i t e forms brown p l e o c h r o i c p h e n o c r y s t s up t o 2 mms. i n s i z e . These a r e 
f r e q u e n t l y somewhat c o r r o d e d and l o c a l l y 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 
p h e n o c r y s t s . Most g r a i n s a r e su r r o u n d e d by t h i n r i m s o f g r a n u l a r opaques. 
C a l c i t e o c c u r s i n g r a n u l a r a g g r e g a t e s up t o 2 mms. i n s i z e , which a r e c l e a r l y 
pseudomorphous s f t e r a f e r r o - m a g n e s i a n p h e n o c r y s t i c phase. F r e q u e n t l y the 
c a r b o n a t e s u r r o u n d s c o r e s composed o f f i n e g r a i n e d , a g g r e g a t e c l a y m i n e r a l s , 
w h i t e mica and f e l d s p a r . I n t u r n , they a r e rimmed by f i n e g r a n u l a r opaques. 
C a l c i t e o c c u r s f u r t h e r m o r e as i r r e g u l a r s econdary p a t c h e s t h r o u g h o u t the 
remainder o f the r o c k . 
K-spar forms the b u l k o f the f i n e g r a i n e d groundmass. t o g e t h e r w i t h l e s s e r 
p l a g i o c l a s e and p r o b a b l y some q u a r t z , secondary m i n e r a l s , a p a t i t e , opaques 
e t c . 
A p a t i t e o c c u r s as e u h e d r a l and s u b h e d r a l a c c e s s o r y c r y s t a l s up t o .25 mms. 
i n s i z e , s c a t t e r e d t h r o u g h o u t the groundmass. A few g r a i n s o f s u b h e d r a l 
z i r c o n a r e p r e s e n t as w e l l . 
Opaques o c c u r as f i n e d i s s e m i n a t e d g r a n u l a r m a t e r i a l . The c o a r s e r g r a i n s 
(up t o .5 mm.) a r e s u b i d i o m o r p h i c and ten d t o form a g g r e g a t e s . 

Note : p o s s i b l y t h i s specimen i s a e f f u s i v e v a r i e t y o f spec. J P - 1 . 



Specimen : JP-3 GRIZ 3 SHOWING 
C l a s s i f i c a t i o n : A l t e r e d f e l d s p a r p o r p h y r y 

Mode Qu a r t z 
C l a y m i n e r a l s 
L i m o n i t i c c a l c i t e 
White mica 
A c c e s s o r i e s 
Opaques 

40-50% 
30-40% 

10% 
5% 
1% 
1% 

Handspecimen : S t r o n g l y a l t e r e d ( l i m o n i t i c & c a l c a r e o u s ) , p o r p h y r i t i c 
v o l c a n i c r o c k . A l t e r e d f e l d s p a r ( p l a g i o c l a s e ) and a m p h i b o l e ( ? ) p h e n o c r y s t s 
a r e m a c r o s c o p i c a l l y v i s i b l e . The vague p r i m a r y t e x t u r e somewhat resembles 
t h a t o f specimen J P - 2 . 

T h i n s e c t i o n : The groundmass o f t h i s specimen appears t o be composed 
p r e d o m i n a n t l y o f f i n e g r a i n e d , g r a n u l a r q u a r t z (av. s i z e .18 mm.), c l o u d e d 
by d u s t y secondary m i n e r a l s , p r o b a b l y m o s t l y c l a y m i n e r a l s . S c a t t e r e d t h r o u g h 
t h i s m a t r i x a r e abundant, i r r e g u l a r secondary p a t c h e s o f l i m o n i t i c 
c a l c i t e , c l a y m i n e r l a s and a b i t o f w h i t e m i c a . P r o b a b l y the q u a r t z i t s e l f 
i s o f s econdary o r i g i n , h a v i n g r e p l a c e d a p r i m a r y v o l c a n i c groundmass. T h i s 
throws c o n s i d e r a b l e doubt on a r h y o l i t i c c l a s s i f i c a t i o n f o r t h i s specimen. 
I t may be a s i l i c i f i e d and a l t e r e d v e r s i o n o f J P - 2 , b u t i s h e r e c l a s s i f i e d 
as a a l t e r e d f e l d s p a r p o r p h y r y . 
S c a t t e r e d t h r o u g h o u t the groundmass a r e a c c e s s o r y amounts o f e u h e d r a l 
a p a t i t e (up t o .25 mm.) and s u b h e d r a l z i r c o n . 
O r i g i n a l p h e n o c r y s t s o f p l a g i o c l a s e , amphibole and b i o t i t e a r e r e p r e s e n t e d 
by pseudomorphs composed o f c l a y m i n e r a l s , w h i t e m i c a , l i m o n i t i c c a l c i t e and 
opaques. These range up t o 4 mms. i n s i z e and resemble t h o s e o f spec. JP-2 
i n b e i n g f r e q u e n t l y s u r r o u n d e d by r i m s o f f i n e g r a n u l a r opaques, which a r e 
m o s t l y a l t e r e d t o l i m o n i t e . 
S m a l l g r a i n s o f s u b i d i o m o r p h i c opaques a r e s c a t t e r e d t h r o u g h o u t . 



Specimen : JP-5 GRIZ 3 SHOWING 

C l a s s i f i c a t i o n Galena & s p h a l e r i t e b e a r i n g c a t a c l a s t i c r o c k 

Mode Qua r t z 
C l a y m i n e r a l s & w h i t e mica 
C a l c i t e & l i m o n i t e 
Galena & s p h a l e r i t e 
A p a t i t e & z i r c o n 

60-70% 
10% 
10% 
10% 
t r 

Handspecimen : L i m o n i t i c and c a l c a r e o u s banded b r e c c i a / p r o t o m y l o n i t e 
c o n t a i n i g l e n t i c u l a r domains r i c h i n g a l e n a and s p h a l e r i t e . The r o c k i s 
c r o s s c u t by p o s t m y l o n i t i c f r a c t u r e s , some o f which have been h e a l e d by 
c a r b o n a t e . 
T h i n s e c t i o n : I r r e g u l a r t o l e n t i c u l a r , nebulous domains o f v e r y f i n e g r a i n e d 
to a p h a n i t i c m a t e r i a l ( r i c h i n c l a y m i n e r a l s b u t o t h e r w i s e s i l i c i f i e d ) a r e 
the o n l y i n d i c a t o r s o f a p r i m a r y l i t h o l o g y . L o c a l l y a f a i n t s u g g e s t i o n o f 
a o r i g i n a l p o r p h y r i t i c t e x t u r e i s p r e s e n t as w e l l , w i t h c l a y m i n e r a l 
a g g r e g a t e s r e s e m b l i n g a l t e r e d p h e n o c r y s t s s e t i n a f i n e g r a i n e d , s i l i c e o u s 
m a t r i x . These a r e v i s i b l e i n the lower p a r t o f the s e c t i o n . 
The remainder o f the specimen i s composed o f secondary m i n e r a l s , m a i n l y q u a r t z 
c a r b o n a t e , l i m o n i t e , g a l e n a and s p h a l e r i t e , w i t h l e s s e r c l a y m i n e r a l s and 
w h i t e m i c a . Some o f the q u a r t z forms g r a n u l a r t e x t u r e s masses r a t h e r s i m i l a r 
t o the groundmass q u a r t z i n spec. J P - 3 . S m a l l , i r r e g u l a r p a t c h e s and v e i n l e t s 
o f l i m o n i t i c c a l c i t e and c l a y m i n e r a l s a r e everywhere p r e s e n t . R e l i c t z i r c o n , 
a p a t i e and a l t e r e d b i o t i t e a r e p r e s e n t w i t h i n t h e s e domains. 
The r e s t o f the q u a r t z i s c l e a r l y o f h y d r o t h e r m a l o r i g i n , r e p l a c i n g t he 
e a r l i e r l i t h o l o g y s a l o n g v e i n l e t s and l e n t i c u l a r domains g e n e r a l l y p a r a l l e l 
t o t he c a t a c l a s t i c f a b r i c . G r a i n s i z e ranges from e x t r e m e l y f i n e g r a i n e d 
t o approx. .5 mms. 
C a l c i t e forms l e n t i c u l a r b o d i e s up t o 3 mms. t h i c k , p a r a l l e l t o t h e 
c a t a c l a s t i c f a b r i c . I t i s a l s o p r e s e n t i n i r r e g u l a r secondary p a t c h e s and 
i n v e i n l e t s a l o n g l a t e f r a c t u r e s . C ross c u t t i n g r e l a t i o n s s u g g e s t s e v e r a l 
e p i s o d e s o f r e m o b i l i z a t i o n . 
S p h a l e r i t e o c c u r s as s u b h e d r a l c r y s t a l s , o f t e n f a i n t l y zoned, up t o 1 ram. i n 
s i z e . I t i s c l e a r l y a s s o c i a t e d w i t h g a l e n a w i t h i n the r e l a t i v e l y c o a r s e r 
g r a i n e d q u a r t z domains. Minor amounts o f p y r i t e a r e p r e s e n t as w e l l . 



Specimen : JP-6 GRIZ 3 SHOWING 
C l a s s i f i c a t i o n S i l i c i f i e d , v e i n e d and a l t e r e d t r a c h y a n d e s i t e 

Mode Qu a r t z 
G l a y mi ner a I s 
C a l c i t e 
Z i r c o n & a p a t i t e 
S p h a l e r i t e 
O ther opaques 

30-45% 
25% 

30-40% 
t r 
<5% 
1% 

Handspecimen : L i g h t g r e y , s i l i c e o u s and c a l c a r e o u s v e i n b r e c c i a . 
A n g u l a r fragments w i t h a o r i g i n a l p o r p h y r i t i c t e x t u r e , v e r y s i m i l a r t o 
spec. J P - 2 , a r e c l e a r l y v i s i b l e i n c u t s u r f a c e . T h i s spec, i s most l i k e l y 
a a l t e r e d , s i l i c i f i e d and v e i n e d v e r s i o n o f J P - s . Rare, s m a l l specks o f 
g a l e n a a r e v i s i b l e i n handspecimen. 

T h i n s e c t i o n : The above vi e w i s c o n c l u s v e l y v e r i f i e d by t h i n s e c t i o n 
e x a m i n a t i o n . The p r e v e i n t e x t u r e i s i d e n t i c a l t o t h a t i n spec. J P - 3 . Abundant 
c a r b o n a t e o c c u r s i n s m a l l secondary p a t c h e s , as l a r g e r g r a n u l a r masses and 
i n v e i n l e t s . As t i n y e u h e d r a l c r y s t a l s i t i ^ a s s o c i a t e d w i t h c h a l c e d o n y 
v e i n s , w h i c h r u n a l o n g the l e n g t h o f the s e c t i o n and c r o s s c u t a l l o t h e r 
f a b r i c s . L o c a l l y t h e s e v e i n s a r e a b i t vuggy. 
C l a y m i n e r a l s o c c u r 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 a s s o c i a t e d w i t h g r a n u l a r 
q u a r t z (as i n J P - 3 ) . A few r e l i c t z i r c o n and a p a t i t e , c r y s t a l s remind one 
o f the o r i g i n a l n a t u r e o f t h i s r o c k . R e l i c t p h e n o c r y s t s a r e not v e r y w e l l 
v i s i b l e i n t h i n s e c t i o n b u t a r e c l e a r l y p r e s e n t i n handspecimen. 
Opaques o c c u r as s c a t t e r e d , s m a l l g r a i n s and a g g r e g a t e s . A few s m a l l g r a i n s 
o f s p h a l e r i t e (av. s i z e .25 mms.) a r e c l e a r l y a s s o c i a t e d w i t h g a l e n a and 
secondary g r a n u l a r q u a r t z . 



Specimen : G - l G R I Z 3 S H 0 W I N G 

C l a s s i f i c a t i o n : S i l i c e o u s and c a l c a r e o u s v e i n - b r e c c i a + o r e m i n e r a l s 

Mode : Qu a r t z 40-50% 
C a l c i t e 40% 
C l a y m i n e r a l s 10% 
Opaques 5-10% 

Handspecimen : S i l i c e o u s and c a l c a r e o u s v e i n - b r e c c i a c o n t a i n i n g g a l e n a and 
s p h a l e r i t e . L i g h t c o l o u r e d s i l i c e o u s fragments a r e s e t i n a da r k , a p h a n i t i c 
s i l i c e o u s v e i n network. Some o f the v e i n s a r e a b i t h e m a t i t i c . A few dark 
ar e a s (fragments?) c o n t a i n f i n e , y e l l o w m e t a l l i c n e e d l e s . 

T h i n s e c t i o n : T e x t u r a l l y and m i n e r a l o g i c a l l y t h i s specimen i s somewhat 
s i m i l a r t o the p r e v i o u s two samples, c o m b i n i n g elements o f b o t h . However, 
o r i g i n a l ( p o r p h y r i t i c ? ) t e x t u r e s a r e o n l y v e r y p o o r l y p r e s e r v e d among some 
o f the f i n e r g r a i n e d s i l i c e o u s , c l a y m i n e r a l r i c h domains. These a r e here 
i n t e r p r e t e d as remnants o f the p r i m a r y , a l b e i t a l t e r e d , l i t h o l o g y . Only a 
few o f t h e s e a r e p r e s e n t , the remainder o f the sample b e i n g composed o f 
a complex m u l t i s t a g e v e i n network. The p a t t e r n o f v e i n i n g i s as f o l l o w s : 

s t a g e 1 : E a r l y q u a r t z v e i n i n g , p r o b a b l y synchronous w i t h s i l i c i f i c a t i o n 
R e l a t i v e l y c o a r s e g r a i n e d q u a r t z , l o c a l l y s p e r o i d a l and 
r a d i a t i n g . Average s i z e .5 mms. I t i s e v i d e n t l y t h i s phase 

d u r i n g w h ich the o r e m i n e r a l s were i n t r o d u c e d . 
s t a g e 2 : C r o s s c u t t i n g c a l c i t e v e i n l e t s . These a r e l o c a l l y a b i t 

h e m a t i t i c and appear t o have r e m o b i l i z e d some o f the o r e 
m i n e r a l s . 

s t a g e 3 : L a t e , v e r y f i n e g r a i n e d s i l i c a ( chalcedony) v e i n l e t s , c r o s s -
c u t t i n g t he p r e v i o u s two s t a g e s . T h i s s t a g e i n c l u d e s some 
b r e c c i a t i o n and f r a c t u r i n g . The r e s u l t i n g f a b r i c i s i n p a r t 
c a t a c l a s t i c . A t l e a s t some l a t e s t a g e movement a l o n g f r a c t u r e s 
has o c c u r e d a f t e r i n j e c t i o n o f th e s e f i n e g r a i n e d s i l i c a 
v e i n s , j u x t a p o s i n g them a g a i n s t e a r l i e r s t a g e domains. 

a r s e n o p y r i t e . 
The f i n e g r a i n e d e u h e d r a l , y e l l o w s u l f i d e n e e d l e s a r e ^owpoc^d—py-ci-to. 
They a r e up t o 1 mm. l o n g and have a rhombic c r o s s - s e c t i o n . L o c a l l y i t i s 
i n t e r g r o w n w i t h g a l e n a . Galena l o c a l l y forms f e a t h e r y , a n i s o t r o p i c 
a g g r e g a t e s , p r o b a b l y due t o c a t a c l a s t i c d e f o r m a t i o n . S p h a l e r i t e i s a s s o c i a t e d 
w i t h the g a l e n a and p y r i t e , and forms zoned, s u b h e d r a l c r y s t a l s up t o 1 mm. i 
s i z e . 



Specimen : G-2 GRIZ 3 SHOWING 

C l a s s i f i c a t i o n : S i l i c e o u s and c a l c a r e o u s v e i n - b r e c c i a 

Mode Qu a r t z 30% 
C a l c i t e 40% 
C l a y m i n e r a l s / w h i t e mica 
Opaques 20% 

10% 

Handspecimen : Galena and s p h a l e r i t e b e a r i n g v e i n - b r e c c i a . A d i s t i n c t a n i s o 
t r o p i c f a b r i c i s p r o b a b l y the main d i f f e r e n c e w i t h spec. G - l . Both c a l c i t e 
and s i l i c a v e i n l e t s a r e p r e s e n t , and any r e m a i n i n g o r i g i n a l l i t h o l o g y i s 
l i k e l y h i g h l y s i l i c i f i e d and a l t e r e d . L a t e f r a c t u r e s have s l i g h t l y o f f s e t 
some o f the c a t c l a s t i c f a b r i c , and hence a r e younger i n age. 

T h i n s e c t i o n : I n t h i n s e c t i o n t h i s specimen i s n o t s i g n i f i c a n t l y d i f f e r e n t 
from spec. G - l , a t l e a s t m i n e r a l o g i c a l l y . F i n e g r a i n e d , s i l i c i f i e d domains 
r i c h i n c l a y m i n e r a l s and a b i t o f w h i t e m i c a , p r o b a b l y r e p r e s e n t the o l d e s t 
phase i n t h i s r o c k . A c r o s s c u t t i n g sequence o f v e i n s appears t o be s i m i l a r t o 
t h a t i n spec. G - l . S p a l e r i t e o c c u r s m a i n l y i n c a l c i t e v e i n l e t s and may have 
been r e m o b i l i z e d from a o r i g i n a l a s s o c i a t i o n w i t h e a r l y q u a r t z v e i n s . I t forms 
g r a i n s up t o 5 mms. i n s i z e . V ery f i n e g r a i n e d s i l i c e o u s v e i n s ( s t a g e 3) 
which l o c a l l y c r o s s c u t c a l c i t e v e i n s , c o n t a i n abundant e u h e d r a l c a l c i t e 
c r y s t a l s , p r o b a b l y due t o r e m o b i l i z a t i o n from t h e e a r l i e r c a l c i t e v e i n l e t s . 
The c o a r s e r g r a i n e d c a l c i t e c r y s t a l s (up t o 3.5 mm.) a r e a b i t b e n t , l e n d i n g 
s u p p o r t t o the n o t i o n o f l a t e stage, c a t a c l a s t i c d e f o r m a t i o n as a d v e r t i z e d 
under G - l . Subsequent f r a c t u r e s have o f f s e t t he s t a g e 3 s t r u c t u r e s somewhat. 
Ga l e n a , a s s o c i a t e d w i t h s p a l e r i t e , ranges up t o 1 mm. i n s i z e . 


