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Summary: 

Samples 43334, 43337, 43338, 43339 and 43340 are of p o r p h y r i t i c , 
h y p a b y s s a l , p l a g i o c l a s e - r i c h r o c k s , h e r e i n d e s i g n a t e d h y p a b y s s a l 
d i o r i t e t o g r a n o d i o r i t e . Sample 43339 i s s t r o n g l y b r e c c i a t e d and 
a l t e r e d . 

Sample 43335 i s of an a l t e r e d gabbro, which was p a r t l y r e p l a c e d 
by e p i d o t e - p y r i t e - ( c h a l c o p y r i t e ) s k a r n . 

Sample 4336 i s a s k a r n dominated by p y r i t e - a c t i n o l i t e . 

Sample 43334 i s a hypabyssal porphyritic quartz d i o r i t e c o n t a i n i n g 
s t r o n g l y zoned p l a g i o c l a s e p h e n o c r y s t s and l e s s hornblende 
p h e n o c r y s t s i n a groundmass dominated by p l a g i o c l a s e and q u a r t z , 
w i t h l e s s b i o t i t e and m a g n e t i t e , and minor e p i d o t e . E a r l y v e i n s 
of q u a r t z - g y p s u m - p y r i t e - e p i d o t e - c h l o r i t e have h a l o s of 
s e r i c i t e / K - f e l d s p a r . L a t e r v e i n s are of quartz-gypsum w i t h minor 
p y r i t e and c h a l c o p y r i t e . 

Sample 43335 i s a medium t o c o a r s e g r a i n e d gabbro which was a l t e r e d 
and r e p l a c e d s t r o n g l y , p r o b a b l y i n a skarn environment. I t 
c o n t a i n s t h r e e main zones. 

1) dominated by a c t i n o l i t e w i t h l e s s e p i d o t e and 
i l m e n i t e / T i - o x i d e . 

2) dominated by p l a g i o c l a s e . 
3) dominated by e p i d o t e and a c t i n o l i t e , w i t h l e s s p y r i t e , and 

minor c h a l c o p y r i t e - ( b o r n i t e ) . 
Gypsum forms i r r e g u l a r replacement p a t c h e s and v e i n l e t s . The 
e p i d o t e - r i c h replacement p a t c h and gypsum v e i n l e t s a r e c u t by a 
l a t e b r e c c i a zone i n which the rock was g r a n u l a t e d s t r o n g l y . 

Sample 43336 i s a medium to c o a r s e g r a i n e d , p a t c h y skarn dominated by 
p y r i t e and a c t i n o l i t e , w i t h l e s s a p a t i t e , m a g n e t i t e , e p i d o t e , and 
a n k e r i t e . M a g n e t i t e i s e a r l i e r than p y r i t e and c h a l c o p y r i t e , and 
a c t i n o l i t e and a p a t i t e a r e e a r l i e r than e p i d o t e . 

( c o n t i n u e d ) 



Sample 43337 i s a hypabyssal quartz d i o r i t e c o n t a i n i n g a few 
p h e n o c r y s t s of p l a g i o c l a s e and abundant f i n e r p l a g i o c l a s e g r a i n s 
i n a s p a r s e groundmass dominated by q u a r t z and b i o t i t e / c h l o r i t e , 
w i t h minor e p i d o t e , a n k e r i t e , a p a t i t e , and s p h e n e / T i - o x i d e / 
i l m e n i t e . V e i n l e t s a r e of a few t y p e s , dominated by one or more 
of c h l o r i t e / s e r p e n t i n e , q u a r t z , and e p i d o t e . 

Sample 43338 i s a hypabyssal p y r i t i c quartz d i o r i t e dominated by 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 much l e s s b i o t i t e and i n t e r s t i t i a l 
q u a r t z . p y r i t e forms ragged, d i s s e m i n a t e d g r a i n s and s k e l e t a l 
c l u s t e r s . The hand sample c o n t a i n s a p a r a l l e l s e t of f r a c t u r e s ; 
t h e s e were not ob v i o u s i n the t h i n s e c t i o n . 

Sample 43339 i s a b r e c c i a t e d and a l t e r e d hypabyssal di o r i t e ( ? ) 
c o n t a i n i n g ragged r e l i c p l a g i o c l a s e p h e n o c r y s t s i n an e x t r e m e l y 
f i n e g r a i n e d 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 s e r i c i t e and 
a n k e r i t e . P y r i t e and t o u r m a l i n e a r e d i s s e m i n a t e d replacement 
m i n e r a l s . The rock was b r e c c i a t e d c o a r s e l y , w i t h the m a t r i x 
b e i n g dominated by q u a r t z , w i t h v e i n l e t s of a n k e r i t e and minor 
p y r i t e . 

Sample 43340 i s a porphyritic hypabyssal granodiorite c o n t a i n i n g 
p h e n o c r y s t s of p l a g i o c l a s e i n a f i n e r g r a i n e d groundmass 
dominated by p l a g i o c l a s e and K - f e l d s p a r w i t h minor b i o t i t e , 
a n k e r i t e , q u a r t z , and p y r i t e . 

604-986-2928 



Sample 43334 Hypabyssal Porphyritic Quartz D i o r i t e ; Early Veins of 
Quartz-pyrite-Gypsum-Chlorite-Epidote, and Later Vein 
of Quartz-Gypsum-(Pyrite-Chalcopyrite) 

The r o c k c o n t a i n s s t r o n g l y zoned p l a g i o c l a s e p h e n o c r y s t s and 
l e s s hornblende p h e n o c r y s t s i n a groundmass dominated by p l a g i o c l a s e 
and q u a r t z , w i t h l e s s b i o t i t e and m a g n e t i t e , and minor e p i d o t e . E a r l y 
v e i n s of q u a r t z - g y p s u m - p y r i t e - e p i d o t e - c h l o r i t e have h a l o s of 
s e r i c i t e / K - f e l d s p a r . L a t e r v e i n s a r e of quartz-gypsum w i t h minor 
p y r i t e and c h a l c o p y r i t e . 

30-35 

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 nblende 
q u a r t z 

groundmass 
p l a g i o c l a s e ( c o a r s e r ) 
q u a r t z ( c o a r s e r ) 
p l a g i o c l a s e / q u a r t z 
b i o t i t e 
magnet i t e 
p y r i t e 
c h l o r i t e 0 
e p i d o t e 0 
c h a l c o p y r i t e minor 
a p a t i t e t r a c e 

v e i n s 
q u a r t z - p y r i t e - e p i d o t e - c h l o r i te-gypsurn(?) 
quartz-gypsum-(pyr i t e - c h a l c o p y r i te) 

35-40% 
4- 5 

minor 

3- 4 
1- 2 

(f i n e r ) 
2- 3 

2 
1 
3 
3 

1-

3- 4 
7- 8 

P l a g i o c l a s e forms s u b h e d r a l , equant t o 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 0.3-0.7 mm i n s i z e . Z o n a t i o n i s s t r o n g from m o r e - c a l c i c 
c o r e s (andesine) t o more-sodic rims ( o l i g o c l a s e / a n d e s i n e ) . A l t e r a t i o n 
i s s l i g h t t o l o c a l l y moderate to p a t c h e s of s e r i c i t e and l e s s e r ones 
of e p i d o t e , and i s c o n c e n t r a t e d i n c a l c i c c o r e s . 

Hornblende forms 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 up 
to 1.7 mm l o n g . Some g r a i n s a r e a l t e r e d t o p a l e t o medium g r e e n , 
pseudomorphic a c t i n o l i t e , which i n p l a c e s i s r e p l a c e d by 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 c h l o r i t e , q u a r t z , and T i - o x i d e . Other 
g r a i n s are 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 c h l o r i t e and l e s s 
e p i d o t e , q u a r t z , and T i - o x i d e . 

Quartz forms a few i r r e g u l a r p h e n o c r y s t s up t o 1 mm i n s i z 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 p h e n o c r y s t s a r e minor a n h e d r a l 

p l a g i o c l a s e and q u a r t z g r a i n s a v e r a g i n g 0.07-0.2 mm i n s i z e . These 
ar e i n t e r g r o w n w i t h i n t e r s t i t i a l p a t c h e s of i n t i m a t e i n t e r g r o w t h s of 
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 0.015-0.025 mm i n g r a i n s i z e . 

B i o t i t e forms ragged, equant f l a k e s a v e r a g i n g 0.2-0.3 mm i n s i z e , 
w i t h a few up t o 1.2 mm l o n g . A l t e r a t i o n g e n e r a l l y i s complete t o 
pseudomorphic c h l o r i t e and minor T i - o x i d e . A few e l o n g a t e b i o t i t e 
f l a k e s up t o 1.2 mm l o n g are r e p l a c e d by patches of e p i d o t e and l e s s 
c h l o r i t e . 

M a g n e t i t e forms equant g r a i n s a v e r a g i n g 0.05-0.15 mm i n s i z e , 
w i t h a few up t o 0.3 mm a c r o s s . A few are 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 patches of h e m a t i t e . A few are r e p l a c e d p a r t l y by 
p y r i t e and l e s s c h a l c o 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 0.05-0.15 mm i n s i z e . 
Some c o n t a i n minor t o abundant b l e b b y i n c l u s i o n s of c h a l c o p y r i t e 
and/or 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 . 

( c o n t i n u e d ) 



Sample 43334 (page 2) 

C h l o r i t e forms a few i r r e g u l a r i n t e r s t i t i a l p a t ches up t o 0.3 mm 
i n s i z e . 

E p i d o t e forms a n h e d r a l patches a v e r a g i n g 0.1-0.2 mm i n s i z e . 
A p a t i t e forms a g r a i n 0.2 mm l o n g a s s o c i a t e d w i t h the hornblende 

p h e n o c r y s t . 

A s e t of s u b p a r a l l e l , e a r l y v e i n l e t s a v e r a g i n g 0.1-0.3 mm wide 
ar e dominated by v e r y f i n e g r a i n e d q u a r t z and gypsum, w i t h l e s s 
p y r i t e , e p i d o t e , and c h l o r i t e , and minor c h a l c o p y r i t e . Gypsum 
commonly i s c o n c e n t r a t e d i n c o r e s of v e i n s , and was removed p a r t l y 
from the s e c t i o n d u r i n g w e a t h e r i n g and/or sample p r e p a r a t i o n . 
V e i n l e t s a r e rimmed by h a l o s up to 2 mm wide i n which p l a g i o c l a s e and 
c h l o r i t e a r e a l t e r e d t o s e r i c i t e and p r o b a b l y K - f e l d s p a r , which g i v e 
t h e s e p a r t s of the s t a i n e d o f f c u t b l o c k a l i g h t y e l l o w c o l o r . These 
are o f f s e t by the main v e i n . 

The main l a t e v e i n up t o 2 mm wide i s dominated by patches of 
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 q u a r t z g r a i n s a v e r a g i n g 0.2-0.5 mm i n 
g r a i n s i z e , and o t h e r s of a n h e d r a l gypsum aggregates r a n g i n g from 
p a t c h e s of 0.01-0.02 mm g r a i n s i z e up to o t h e r s of 0.05-0.1 mm i n 
g r a i n s i z e . P y r i t e forms a few a n h e d r a l , equant g r a i n s up t o 0.3 mm 
a c r o s s and m o d e r a t e l y abundant a n h e d r a l g r a i n s a v e r a g i n g 0.01-0.03 mm 
i n s i z e , m a i n l y i n the gypsum-rich p a r t of the v e i n . C h a l c o p y r i t e 
forms s c a t t e r e d a n h e d r a l g r a i n s a v e r a g i n g 0.03-0.5 mm i n s i z e i n the 
q u a r t z - r i c h p a r t of the v e i n . M o l y b d e n i t e forms a c l u s t e r of ragged 
f l a k e s a v e r a g i n g 0.01-0.03 mm i n l e n g t h a s s o c i a t e d w i t h quartz-gypsum. 
E p i d o t e forms a few 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 . 

Wispy gypsum v e i n l e t s average 0.01-0.02 mm i n w i d t h ; some are 
a s s o c i a t e d w i t h the o t h e r v e i n s , and some are l a t e . 



Sample 43335 Gabbro/Skarn(?): Actinolite-Epidote-Plagioclase-
Ilmenite-Pyrite-Gypsum; Gypsum Veinlets; Late Breccia Seam 

The sample i s a medium t o c o a r s e g r a i n e d gabbro which was a l t e r e d 
and r e p l a c e d s t r o n g l y , p r o b a b l y i n a s k a r n environment. i t c o n t a i n s 
t h r e e main zones. The f i r s t (at one end of the s e c t i o n ) i s dominated 
by a c t i n o l i t e w i t h l e s s e p i d o t e and i l m e n i t e / T i - o x i d e . The second ( i n 
the c e n t e r ) i s dominated by p l a g i o c l a s e . The t h i r d ( at the o t h e r end) 
i s dominated by e p i d o t e and a c t i n o l i t e , w i t h l e s s p y r i t e , and minor 
c h a l c o p y r i t e - ( b o r n i t e ) . The medium to c o a r s e t e x t u r e and the presence 
of abundant i l m e n i t e s u g g e s t s t h a t the o r i g i n a l rock was a gabbro. 
Gypsum forms i r r e g u l a r replacement p a t c h e s and v e i n l e t s . The 
e p i d o t e - r i c h replacement p a t c h and gypsum v e i n l e t s are c u t by a l a t e 
b r e c c i a zone i n which the rock was g r a n u l a t e d s t r o n g l y . 

a c t i n o l i t e 35-40% 
e p i d o t e 30-35 
p l a g i o c l a s e 17-20 
p y r i t e 3- 4 
i l m e n i t e / T i - o x i d e 2- 3 
v e i n l e t s , replacement p a t c h e s 
gypsum 1 

b r e c c i a zone 1- 2 

a n k e r i t e 1% 
c h l o r i t e 0.5 
gypsum 0.2 
c h a l c o p y r i t e 0.1 
b o r n i t e t r a c e 

A c t i n o l i t e forms ragged p r i s m a t i c g r a i n s a v e r a g i n g 0.3-1 mm i n 
s i z e , w i t h a few up t o 2.5 mm l o n g . p l e o c h r o i s m i s from p a l e t o l i g h t 
g r e e n . Some g r a i n s a r e r e p l a c e d p a r t l y by i r r e g u l a r patches of 
e p i d o t e i n the e p i d o t e - r i c h replacement zone. 

E p i d o t e forms patches up t o 1.5 mm i n s i z e w i t h a v a r i e t y of 
replacement t e x t u r e s . G r a i n s i z e ranges from e x t r e m e l y f i n e t o f i n e . 

P l a g i o c l a s e forms g r a i n s up t o 2.5 mm i n s i z e . A l t e r a t i o n i n the 
p l a g i o c l a s e - r i c h zone i s moderate t o s e r i c i t e and l e s s e p i d o t e . 
E l s e w h e r e , i r r e g u l a r patches of e x t r e m e l y f i n e t o f i n e g r a i n e d e p i d o t e 
p r o b a b l y r e p r e s e n t c o m p l e t e l y a l t e r e d p l a g i o c l a s e . 

I l m e n i t e forms i r r e g u l a r p a tches w i t h subrounded b o r d e r s 
a v e r a g i n g 0.2-0.5 mm i n s i z e . A l t e r a t i o n i s v a r i a b l e . At one end of 
the s e c t i o n , g r a i n s a r e r e l a t i v e l y f r e s h , w i t h minor t o m o d e r a t e l y 
abundant p l a t e s of T i - o x i d e a l o n g a few 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 . 
With i n c r e a s i n g a l t e r a t i o n , T i - o x i d e r i b s a r e p r e s e r v e d , and i l m e n i t e 
i s r e p l a c e d by c r y p t o c r y s t a l l i n e s i l i c a t e s . I l m e n i t e p a t c h e s may be 
l o c i f o r p y r i t e replacement i n the e p i d o t e - p y r i t e replacement zone. 

P y r i t e i s c o n c e n t r a t e d a t one end of the s e c t i o n , where i t forms 
a n h e d r a l g r a i n s a v e r a g i n g 0.1-0.5 mm i n s i z e . In some p a t c h e s , p y r i t e 
g r a i n s a r e s k e l e t a l 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 e p i d o t e . Elsewhere 
i t forms d i s c o n t i n u o u s , wispy v e i n l e t s a v e r a g i n g 0.02-0.03 mm wide. A 
few g r a i n s c o n t a i n b l e b b y i n c l u s i o n s of c h a l c o p y r i t e or 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 ; a few c h a l c o p y r i t e i n c l u s i o n s are from 
0.05-0.1 mm l o n g . 

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 0.2-0.4 mm i n s i z e . 
Gypsum forms p a t c h e s of v e r y f i n e g r a i n s i n t e r s t i t i a l t o e p i d o t e . 
C h l o r i t e forms a few i n t e r s t i t i a l p a t ches up t o 0.2 mm i n s i z e 

and wispy v e i n l e t s up t o 0.02 mm wide. 
C h a l c o p y r i t e forms i r r e g u l a r p a tches a v e r a g i n g 0.03-0.15 mm i n 

s i z e . B o r n i t e o c c u r s w i t h c h a l c o p y r i t e as g r a i n s a v e r a g i n g 0.02-0.03 
mm i n s i ze . 

Gypsum forms replacement p a t c h e s and v e i n l e t s of g r a i n s a v e r a g i n g 
0.05-0.1 mm i n s i z e . One replacement p a t c h up t o 1.5 mm a c r o s s 
c o n t a i n s g r a i n s up t o 0.5 mm i n s i z e . 

At one end of the sample i s an i r r e g u l a r b r e c c i a zone up to 0.4 
mm wide i n which the r o c k was g r a n u l a t e d s t r o n g l y . T h i s zone c u t s the 
gypsum v e i n l e t s . 



Sample 43336 P y r i t e - A c t i n o 1 i t e - M a g n e t i t e - A p a t i t e - E p i d o t e - A n k e r i t e 
Skarn 

The rock i s a medium to c o a r s e g r a i n e d , patchy s k a r n dominated by 
p y r i t e and a c t i n o l i t e , w i t h l e s s a p a t i t e , m a g n e t i t e , e p i d o t e , and 
a n k e r i t e . M a g n e t i t e i s e a r l i e r than p y r i t e and c h a l c o p y r i t e , and 
a c t i n o l i t e and a p a t i t e a r e e a r l i e r than e p i d o t e . 

pyr i t e 30-35% 
a c t i n o l i t e 25-30 
ma g n e t i t e 10-12 
a p a t i t e 10-12 
e p i d o t e 8-10 
anker i t e 5- 7 
c h a l c o p y r i t e 0.1 
sphene * 
p y r r h o t i t e * 
A c t i n o l i t e forms a n h e d r a l , commonly ragged, p r i s m a t i c g r a i n s 

a v e r a g i n g 0.5-1.5 mm i n s i z e , w i t h a few up t o 3.5 mm l o n g . C o l o r i n 
t h i n s e c t i o n i s p a l e g r e e n . In some p a t c h e s , a c t i n o l i t e g r a i n s appear 
to be g r a n u l a t e d s l i g h t l y , and i n o t h e r s they appear to be r e p l a c e d by 
e p i d o t e . 

M a g n e t i t e forms a n h e d r a l g r a i n s up t o a few mm a c r o s s . I t i s 
s t r o n g l y g r a n u l a t e d , and fragments are e n c l o s e d i n a m a t r i x of p y r i t e 
and l e s s c h a l c o p y r i t e , and l o c a l l y of c a l c i t e . L o c a l l y , m a g n e t i t e 
g r a i n s a r e a l t e r e d i n s m a l l p a t c h e s a l o n g t h e i r margins t o h e m a t i t e . 

P y r i t e forms p a t c h e s up t o a few mm a c r o s s . P y r i t e / m a g n e t i t e 
t e x t u r e s range from pure p y r i t e g r a i n s through p y r i t e g r a i n s w i t h 
m o d e r a t e l y abundant i n c l u s i o n s of m a g n e t i t e , t o m a g n e t i t e g r a i n s w i t h 
f r a c t u r e s f i l l e d by p y r i t e . Some p y r i t e g r a i n s are i n t e r g r o w n 
i n t i m a t e l y w i t h s i l i c a t e s and some 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 s i l i c a t e s . 

A p a t i t e forms patches up t o 2 mm a c r o s s of aggregates of a n h e d r a l 
t o p r i s m a t i c g r a i n s a v e r a g i n g 0.05-0.15 mm i n s i z e . I n t e r s t i t i a l t o 
a p a t i t e i n some pa t c h e s i s minor t o m o d e r a t e l y abundant a n k e r i t e , and 
i n a few o t h e r p a t c h e s i s minor e p i d o t e . 

A n k e r i t e forms 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 0.5-1 mm i n s i z e 
i n t e r g r o w n w i t h a c t i n o l i t e . I t forms s k e l e t a l g r a i n s up t o 2 mm 
a c r o s s i n t e r s t i t i a l t o and i n f r a c t u r e s i n s u l f i d e p a t c h e s and i n 
a p a t i t e a g g r e g a t e s . 

E p i d o t e forms patches 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 
a v e r a g i n g 0.05-0.15 mm i n s i z e . Commonly i t i s i n t e r g r o w n w i t h , and 
may be a replacement of a c t i n o l i t e . i n a few patches i t i s i n t e r g r o w n 
i n t i m a t e l y w i t h a p a t i t e . E p i d o t 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 
up t o 0.05 mm wide. 

C h a l c o p y r i t e forms i n t e r s t i t i a l p a t ches up t o 0.2 mm i n s i z e , i n 
p a r t a l o n e and i n p a r t a s s o c i a t e d w i t h p y r i t e i n f r a c t u r e s i n 
m a g n e t i t e . A few i r r e g u l a r i n c l u s i o n s up t o 0.06 mm i n s i z e occur i n 
l a r g e p y r i t e g r a i n s . 

Sphene forms a n h e d r a l g r a i n s a v e r a g i n g 0.1 mm i n s i z e . 
P y r r h o t i t e forms b l e b b y t o c u s p a t e i n c l u s i o n s a v e r a g i n g 0.01-0.02 

mm i n s i z e i n p y r i t e . 



Sample 43337 Hypabyssal Quartz D i o r i t e ; Veins of 
Chlorite-Epidote-Ankerite-(Sphene); Quartz 

A few p h e n o c r y s t s of p l a g i o c l a s e and abundant f i n e r p l a g i o c l a s e 
g r a i n s are s e t i n a s p a r s e groundmass dominated by q u a r t z , and 
b i o t i t e / c h l o r i t e , w i t h minor e p i d o t e , a n k e r i t e , a p a t i t e , and 
s p h e n e / T i - o x i d e / i l m e n i t e . V e i n l e t s are of a few t y p e s , dominated by 
one or more of c h l o r i t e / s e r p e n t i n e , q u a r t z , and e p i d o t e . 

p l a g i o c l a s e 82-85% v e i n s , v e i n l e t s 
q u a r t z 7- 8 1) c h l o r i t e 1- 2% 
b i o t i t e / c h l o r i t e 4- 5 e p i d o t e 1 
anker i t e 1 anker i t e 0.5 
e p i d o t e 1 sphene 0.2 
a p a t i t e 0.5 T i - o x i d e minor 
sphene 0.3 2) q u a r t z 0.3 
T i - o x i d e / i l m e n i t e 0.3 e p i d o t e 0.1 
z i r c o n * opaque ( p y r i t e ? ) minor 

P l a g i o c l a s e forms a few s u b h e d r a l , stubby 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 1-1.5 mm i n s i z e . A l t e r a t i o n i s s t r o n g t o patches of 
e p i d o t e and f l a k e s of s e r i c i t e . P l a g i o c l a s e a l s o forms a n h e d r a l to 
s u b h e d r a l , stubby p r i s m a t i c t o 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 
0.3-0.6 mm i n l e n g t h . A l t e r a t i o n i s s l i g h t t o moderate to 
d i s s e m i n a t e d s e r i c i t e and p atches of c a l c i t e and of e p i d o t e . 
P l a g i o c l a s e c o n t a i n s abundant d u s t y i n c l u s i o n s , g i v i n g i t a p a l e brown 
c o l o r i n p l a n e l i g h t . 

Q u a rtz forms a n h e d r a l g r a i n s a v e r a g i n g 0.1-0.4 mm i n s i z 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 . 

B i o t i t e forms f l a k e s a v e r a g i n g 0.5-0.8 mm l o n g . A l t e r a t i o n i s 
complete t o pseudomorphic c h l o r i t e w i t h minor p a t c h e s of T i - o x i d e 
a l o n g c l e a v a g e , and minor patches of a n k e r i t e and/or e p i d o t e 
d i s s e m i n a t e d i n c h l o r i t e . 

A n k e r i t e forms i n t e r s t i t i a l p a t c h e s up t o 1.2 mm i n s i z e , 
g e n e r a l l y of s i n g l e g r a i n s or f i n e g r a i n e d a g g r e g a t e s . 

Sphene 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 0.05-0.2 mm i n 
s i z e . T i - o x i d e forms c l u s t e r s of a n h e d r a l g r a i n s a v e r a g i n g 0.03-0.05 
mm i n s i z e . Many pat c h e s have ragged c o r e s of i l m e n i t e up t o 0.05 mm 
i n s i z e . 

A p a t i t e forms patches up t o 1 mm i n s i z e of aggregates of 
a n h e d r a l t o s u b h e d r a l p r i s m a t i c g r a i n s a v e r a g i n g 0.05-0.1 mm i n s i z e . 

Z i r c o n forms a few s u b h e d r a l , stubby 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 . 

A l e n s y v e i n up t o 0.7 mm wide i s dominated by v e r y f i n e t o f i n e 
g r a i n e d i n t e r g r o w n w i t h p a t c h e s of s u b h e d r a l to a n h e d r a l e p i d o t e , 
l e s s e r a n h e d r a l a n k e r i t e , and minor 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 sphene and T i - o x i d e . Two v e i n l e t s up t o 0.2 mm wide are of 
v e r y f i n e g r a i n e d c h l o r i t e ; t h e s e a r e p r e s e r v e d p o o r l y i n the s e c t i o n . 

A v e i n up t o 0.3 mm wide i s dominated by q u a r t z w i t h minor 
e p i d o t e ; a s s o c i a t e d w i t h the v e i n i s a p a t c h of a n h e d r a l opaque 
( 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 . 

A few v e i n l e t s up t o 0.1 mm wide are of one or more of a n k e r i t e , 
c h l o r i t e , and e p i d o t e . 



Sample 43338 Hypabyssal P y r i t i c Quartz D i o r i t e 

The rock i s dominated by 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 much l e s s 
b i o t i t e and i n t e r s t i t i a l q u a r t z . P y r i t e forms ragged, d i s s e m i n a t e d 
g r a i n s and s k e l e t a l c l u s t e r s . The hand sample c o n t a i n s a p a r a l l e l s e t 
of f r a c t u r e s ; t h e s e were not o b v i o u s i n the t h i n s e c t i o n . 

p h e n o c r y s t s 
p l a g i o c l a s e 3- 4% 

groundmass 
p l a g i o c l a s e 82-85 
b i o t i t e 4- 5 
q u a r t z 3- 4 
p y r i t e 3- 4 
a p a t i t e 0.3 
e p i d o t e 0.2 
p y r r h o t i t e t r a c e 
T i - o x i d e / s p h e n e t r a c e 
z i r c o n * 

ve i n l e t s 
c a l c i t e t r a c e 

P l a g i o c l a s e forms a few s u b h e d r a l t o 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 r a n g i n g from 0.5-1.4 mm i n s i z e . These are surrounded by 
a n h e d r a l p l a g i o c l a s e g r a i n s a v e r a g i n g 0.1-0.5 mm i n s i z e . A l t e r a t i o n 
g e n e r a l l y i s s l i g h t t o d i s s e m i n a t e d f l a k e s of s e r i c i t e . L e s s common 
a l t e r a t i o n m i n e r a l s i n c l u d e p atches of c a l c i t e and of e p i d o t e 
a v e r a g i n g 0.03-0.07 mm i n s i z e . 

B i o t i t e forms d i s s e m i n a t e d , stubby t o l o c a l l y s l e n d e r f l a k e s 
a v e r a g i n g 0.1-0.5 mm i n s i z e , and one p a t c h 1.5 mm a c r o s s of a few 
g r a i n s . A l t e r a t i o n i s c o m p l e t e , g e n e r a l l y t o pseudomorphic c h l o r i t e 
w i t h minor t o abundant p a t c h e s of e p i d o t e , and l e s s commonly and i n 
s m a l l e r f l a k e s t o pseudomorphic m u s c o v i t e . i n both a l t e r a t i o n t y p e s , 
i r r e g u l a r p a t c h e s of c a l c i t e a r e common. A few g r a i n s a r e r e p l a c e d 
c o m p l e t e l y by patches of c a l c i t e and e p i d o t e . 

Quartz forms 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 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 0.05-0.08 mm i n g r a i n s i z e . 

A p a t i t e forms a few u n u s u a l , s u b h e d r a l p r i s m a t i c g r a i n s up t o 1 
mm i n l e n g t h . Some g r a i n s appear t o be aggregates of 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 i n s u b p a r a l l e l o r i e n t a t i o n . Other g r a i n s a r e 
r e p l a c e d s l i g h t l y by v e r y i r r e g u l a r t o s k e l e t a l patches of c a l c i t e . 

E p i d o t e forms a few replacement p a t c h e s up t o 0.4 mm i n s i z e . 
P y r i t e forms s k e l e t a l c l u s t e r s up t o 1 mm a c r o s s of v e r y 

i r r e g u l a r g r a i n s a v e r a g i n g 0.05-0.15 mm i n s i z e , i n t e r g r o w n w i t h and 
i n t e r s t i t i a l t o s i l i c a t e s . A few g r a i n s a r e up t o 0.5 mm a c r o s s . 
S e v e r a l p y r i t e g r a i n s c o n t a i n one t o a few b l e b b y i n c l u s i o n s 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 . 

T i - o x i d e forms d i s s e m i n a t e d g r a i n s a v e r a g i n g 0.02-0.05 mm i n 
s i z e . Some a r e a s s o c i a t e d w i t h s i m i l a r g r a i n s of sphene. 

Z i r c o n 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 0.03-0.05 mm 
l o n g . 

C a l c i t 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 up t o 0.05 mm wide. 



Sample 43339 Brecciated and Altered Hypabyssal D i o r i t e ( ? ) ; 
Matrix of Quartz; Veinlets of Ankerite-(Pyrite) 

Ragged r e l i c p l a g i o c l a s e p h e n o c r y s t s are s e t i n an 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 l t e r e d s t r o n g l y t o s e r i c i t e and a n k e r i t e . p y r i t e 
and t o u r m a l i n e a r e d i s s e m i n a t e d replacement m i n e r a l s . The rock was 
b r e c c i a t e d c o a r s e l y , w i t h the m a t r i x b e i n g dominated by q u a r t z , w i t h 
v e i n l e t s of a n k e r i t e and minor 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 8-10% 
h o r nblende minor 

groundmass 
p l a g i o c l a s e 30-35 c h l o r i t e 1% 
s e r i c i t e 25-30 T i - o x i d e 0.5 
anker i t e 10-12 c h a l c o p y r i te t r a c e 
p y r i t e 2- 3 t e t r a h e d r i t e * 
t o u r m a l i n e 1 magneti t e * 

m a t r i x p y r r h o t i t e * 
q u a r t z 10-12 
anker i t e 2- 3 
pyr i t e 1- 2 
s e r i c i t e 0.3 

P l a g i o c l a s e forms a n h e d r a l , ragged p h e n o c r y s t s a v e r a g i n g 0.5-1.5 
mm i n s i z e . A l t e r a t i o n i s moderate t o s t r o n g t o s e r i c i t e . 

Hornblende (?) forms a s u b h e d r a l p h e n o c r y s t 0.6 mm l o n g ; 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 and s e r i c i t e . 

The groundmass i s dominated by p l a g i o c l a s e , which i s a l t e r e d 
s t r o n g 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 w i t h ragged 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 a n k e r i t e . T i - o x i d e forms d i s s e m i n a t e d g r a i n s 
a v e r a g i n g 0.005-0.01 mm i n s i z e and i s c o n c e n t r a t e d l o c a l l y i n ragged 
patches up t o 0.2 mm i n s i z e of s i m i l a r g r a i n s . 

P y r i t e forms d i s s e m i n a t e d subrounded t o i r r e g u l a r 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 up t o 0.7 
mm a c r o s s . A s m a l l p e r c e n t a g e of t h e s e c o n t a i n one or s e v e r a l b l e b b y 
i n c l u s i o n s of p y r r h o t i t e a v e r a g i n g 0.007-0.015 mm i n s i z e . A moderate 
p e r c e n t a g e c o n t a i n abundant t i n y i n c l u s i o n s of s i l i c a t e s . 

T o urmaline forms d i s s e m i n a t e d p r i s m a t i c g r a i n s and c l u s t e r s , i n 
p a r t r a d i a t i n g , of a few 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 . A few 
dense p a t c h e s c o n s i s t of u n o r i e n t e d , stubby p r i s m a t i c g r a i n s a v e r a g i n g 
0.03-0.07 mm i n l e n g t h . Most s i n g l e t o u r m a l i n e g r a i n s and those i n 
r a d i a t i n g c l u s t e r s and dense p a t c h e s a r e c o l o r l e s s ; i n most 
s u b r a d i a t i n g c l u s t e r s t o u r m a l i n e g r a i n s are p l e o c h r o i c from p a l e to 
medium g r e e n . 

C h l o r i t e forms a few i r r e g u l a r replacement (?) p a t c h e s up t o 2 mm 
i n s i z e , which c o n t a i n minor d i s s e m i n a t e d T i - o x i d e . 

C h a l c o p y r i t e forms an a n h e d r a l p a t c h 0.2 mm a c r o s s . T e t r a h e d r i t e 
o c c u r s on the b o r d e r s of t h i s p a t c h as 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 0.01-0.03 mm i n s i z e . 

M a g n e t i t e forms a few ragged r e l i c g r a i n s a v e r a g i n g 0.05-0.08 mm 
i n s i z e . 

Quartz o c c u r s m a i n l y i n i r r e g u l a r replacement p a t c h e s w i t h 
d i f f u s e b o r d e r s a g a i n s t the host r o c k . G r a i n s i z e averages 0.03-0.1 
mm, and v a r i e s m o d e r a t e l y between p a t c h e s . In a few p a t c h e s , g r a i n s 
are s t r o n g l y i n t e r l o c k i n g and average 0.01-0.015 mm i n s i z e . S e r i c i t e 
forms e x t r e m e l y f i n e g r a i n e d seams and p a t c h e s . A n k e r i t e i s most 
common i n i r r e g u l a r v e i n s a v e r a g i n g 0.2-0.4 mm wide; l o c a l l y t hese 
v e i n s c o n t a i n p y r i t e g r a i n s up t o 0.5 mm l o n g . 



Sample 43340 porphyritic Hypabyssal Granodiorite; 
Ankerite Veinlets 

P h e n o c r y s t s of p l a g i o c l a s e a r e s e t i n a f i n e r g r a i n e d groundmass 
dominated by p l a g i o c l a s e and K - f e l d s p a r w i t h minor b i o t i t e , a n k e r i t e , 
q u a r t z , and 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 40-45% 

groundmass 
p l a g i o c l a s e 25-30 
K - f e l d s p a r 15-17 
anker i t e 3- 4 
b i o t i t e 3- 4 
q u a r t z 2- 3 
pyr i t e 1- 2 
p y r r h o t i t e * 

v e i n l e t s 
anker i t e minor 

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 a v e r a g i n g 
0.3-0.8 mm i n s i z e , w i t h a few up t o 1.7 mm l o n g . A l t e r a t i o n i s 
moderate t o d i s s e m i n a t e d and patchy s e r i c i t e and ragged patches of 
anker i t e . 

I n t e r s t i t i a l t o c o a r s e r g r a i n e d p l a g i o c l a s e a r e 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 g r o w t h s of p l a g i o c l a s e and K - f e l d s p a r and ragged p a t c h e s 
of a n k e r i t e . P l a g i o c l a s e i s a l t e r e d s l i g h t l y t o s e r i c i t e . 

B i o t i t e forms ragged f l a k e s a v e r a g i n g 0.15-0.5 mm i n s i z e , w i t h a 
few up t o 1.8 mm l o n g . A l t e r a t i o n i s complete t o c a r b o n a t e ( a n k e r i t e 
and or 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 h l o r i t e or 
m u s c o v i t e and minor T i - o x i d e . Most l a r g e g r a i n s a r e r e p l a c e d by 
s i n g l e g r a i n s or a few g r a i n s of c a l c i t e whose t e x t u r e r e f l e c t s some 
of t h a t of the o r i g i n a l b i o t i t e g r a i n s . 

Quartz forms 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 0.05-0.2 mm i n s i z e , 
and l o c a l l y up t o 0.7 mm l o n g . A few i n t e r s t i t i a l p a t ches up t o 0.2 
mm i n s i z e a r e of e x t r e m e l 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 
a g g regates of q u a r t z . 

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 0.05-0.2 mm i n s i z e . I t 
i s c o n c e n t r a t e d m o d e r a t e l y i n p a t c h e s s u r r o u n d i n g c o a r s e r b i o t i t e 
g r a i n s . A few p y r i t e g r a i n s c o n t a i n one or two b l e b b y i n c l u s i o n s of 
p y r r h o t i t e a v e r a g i n g 0.01 mm i n s i z e . 

V e i n l e t s a v e r a g i n g 0.05-0.07 mm i n w i d t h a r e dominated by 
a n k e r 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 . 


