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FROM: J.S. (Jenny) GETSINGER , PhD, G e o l o g i s t 

SUBJECT: KING SOLOMON PROPERTY (REWARD RESOURCES) 

MPH 

827/6. 
K V g S o l o m o n 

E n c l o s e d i s a p r e l i m i n a r y i n t e r p r e t a t i o n of t h i n and p o l i s h e d t h i n 
s e c t i o n s from r e c e n t d r i l l h o l e s on the K i n g Solomon p r o p e r t y , near 
Duncan, Vancouver I s l a n d . 

The f o l l o w i n g s e c t i o n s , accompanying t h i s memo, are p r o v i d e d f o r 
your own i n t e r p r e t a t i o n . We would a p p r e c i a t e a prompt r e t u r n a f t e r 
you have had a chance to look at the t h i n s e c t i o n s , as r e v i e w i n g 
them may be n e c e s s a r y f o r our f i n a l p e t r o g r a p h i c r e p o r t . 

Sample DDH Depth Rock Type 

KS-TS-2-1 

KS-TS-3-1 
KS-TS-5-1 

3 
5 

KS-TS-5-2 5 
( P o l i s h e d ) 

KS-TS-6-2 
(9704) 
( P o l i s h e d ) 

KS-TS-6-3 
(9705) 
( P o l i s h e d ) 

186' 

35 1 

138 1 

21 .5' 

88 

90 1 

C h e r t y b r e c c i a w i t h fragments of f i n e 
g r a i n e d , p l a g i o c l a s e - r i c h , p o r p h y r i t i c 
and t r a c h y t i c i n t e r m e d i a t e v o l c a n i c . 
A l t e r e d d a c i t e p o r p h y r y . 
F r e s h e r d a c i t e p o rphyry from below massive 
s u l p h i d e zone. P h e n o c r y s t s are h o r n b l e n d e , 
p l a g i o c l a s e , and p o s s i b l e r e l i c t pyroxene 
shapes and q u a r t z ( ? ) . Groundmass i s mostly 
p l a g i o c l a s e , somewhat a l t e r e d . S u l p h i d e s ( 3 D , 
M i n e r a l i z e d , l a y e r e d green r o c k . S u l p h i d e s 
are s p h a l e r i t e , c h a l c o p y r i t e , p y r i t e . Other 
m i n e r a l s : e l o n g a t e c l i n o p y r o x e n e ( d i o p s i d e ) , 
e p i d o t e , c a l c i t e , q u a r t z . 
L a y e r e d massive s u l p h i d e w i t h twinned pyrrho-
t i t e , c h a l c o p y r i t e i n bands f o l d e d w ith 
c h l o r i t e ; some p y r i t e , minor s p h a l e r i t e , 
e p i d o t e , c r o s s c u t t i n g c a l c i t e v e i n s . 
L a y e r e d semi-massive s u l p h i d e w i t h p y r i t e 
rimmed by p y r r h o t i t e , p y r r h o t i t e , c h a l c o 
p y r i t e , minor s p h a l e r i t e , d i o p s i d e , e p i d o t e , 
and c h l o r i t e . 
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1986-02-26 

CONFIDENTIAL MEMORANDUM 

TO: T. GREG HAWKINS 

FROM: J.S. GETSINGER, PhD 

SUBJECT: KING SOLOMON PROPERTY - V155 (REWARD RESOURCES) 

I n t e r p r e t a t i o n of K i n g Solomon geol o g y based on 
p r e l i m i n a r y p e t r o g r a p h i c a n a l y s i s of s e l e c t e d c o r e samples: 

P e t r o g r a p h i c e v i d e n c e i s s u g g e s t i v e of the presence of at l e a s t 

some l a y e r e d v o l c a n o g e n i c massive s u l p h i d e s ( p y r r h o t i t e ̂  c h a l c o 

p y r i t e > p y r i t e ) p r i o r to r e g i o n a l d e f o r m a t i o n and metamorphism 

( p r e k i n e m a t i c s u l p h i d e s ) . There i s a l s o a s t r o n g o v e r p r i n t of 

. s k a r n - l i k e , s t a t i c metamorphism w i t h p o s t k i n e m a t i c m i n e r a l s such as 

c a l c - s i l i c a t e s l i k e Ca-garnet , d i o p s i d e , and e p i d o t e , and 

a s s o c i a t e d s u l p h i d e s ( c h a l c o p y r i t e > 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 ) . 

The p r o t o l i t h of the massive s u l p h i d e h o s t r o c k s c o u l d have been a 

marly sediment ( c a l c a r e o u s mudstone t o impure s i l i c e o u s d o l o m i t e ) , or 

an i n t e r m e d i a t e v o l c a n i c or v o l c a n i c l a s t i c . Other rock u n i t s 

a s s o c i a t e d w i t h massive s u l p h i d e l a y e r s i n the d r i l l c o r e are mainly 

i n t e r m e d i a t e v o l c a n i c s and v o l c a n i c l a s t i c s . 



MPH 
KING SOLOMON PROPERTY (V155) 

Review of g e o l o g i c a l e v i d e n c e s u p p o r t i v e of m i n e r a l i z a t i o n as a r e s u l t 
of o r i g i n a l v o l c a n o g e n i c l a y e r e d massive s u l p h i d e v s . s k a r n from 
c o n t a c t metamorphism of c a r b o n a t e u n i t by a g r a n i t i c i n t r u s i o n : 

V o l c a n o g e n i c 

- Layered and l a m i n a t e d massive 
s u l p h i d e s o c c u r r i n g i n d r i l l c o r e 
(samples KS-TS-6-2 and 3) are: 
(a) s t r a t i f o r m , can be t r a c e d 

between d r i l l h o l e s ; and 
(b) s t r a t a b o u n d , o c c u r r i n g between 

o v e r l y i n g u n i t s of c h e r t y 
t u f f s and fragmented v o l c a n i c s 
and an u n d e r l y i n g u n i t of 
d a c i t e p o r p h y r y . 

- Most of the a s s o c i a t e d r o c k s a r e 
v o l c a n i c i n o r i g i n and/or t e x t u r e : 
(a) Sample KS-TS-2-1 , t y p i c a l of 

rock u n i t s o v e r l y i n g a massive 
s u l p h i d e zone , appears to be 
a c h e r t y t u f f but i s m a i n l y 
composed of fragments of f i n e 
g r a i n e d , i n t e r m e d i a t e v o l c a n i c 
w i t h t r a c h y t i c p l a g i o c l a s e . 

(b) U n d e r l y i n g massive s u l p h i d e 
zones i s d a c i t e porphyry 
(sample KS-TS-5-1) w i t h h o r n 
blende , p l a g i o c l a s e , and r a r e 
q u a r t z p h e n o c r y s t s , which has 
i t s e l f been a l t e r e d and s i l i c i -
f i e d (as i n sample KS-TS-3-1) , 
e s p e c i a l l y near massive s u l 
p hide zones. 

(c) Carbonate and sedimentary 
r o c k s are not abundant i n 
d r i l l c o r e . 

Skarn 

- Presence of common c a l c -
s i l i c a t e s k a r n m i n e r a l s 
( h i g h T, r e l a t i v e l y low P): 
Ca-garnet , d i o p s i d e , e p i d o t e 

- M a g n e t i t e s k a r n m i n e r a l i z a t i o n 
on s u r f a c e o u t c r o p 

- P r e v i o u s workers have c a l l e d i t 
a skarn d e p o s i t 

- P h y s i c a l p r o x i m i t y to J u r a s s i c 
g r a n o d i o r i t i c body -

- Map p a t t e r n shows i n t r u s i v e 
r o c k s and d a c i t e porphyry 
c r o s s c u t t i n g s t r a t i f o r m rocks 

- O c c u r r e n c e of some l i m e s t o n e 
and/or metamorphosed c a l c a r e o u s 
r o c k s l o c a l l y a s s o c i a t e d w i t h 
m i n e r a l i z a t i o n 

I 
i 
I 



Comments on p o l i s h e d t h i n s e c t i o n s from d r i l l c o r e from K i n g 
Solomon p r o p e r t y (V155): * 

In p o l i s h e d t h i n s e c t i o n , i t appears t h a t some s u l p h i d e s 

(dominantly p y r r h o t i t e , c h a l c o p y r i t e , and some p y r i t e ) were 

o r i g i n a l l y l a y e r e d and c r y s t a l l i z e d p r e k i n e m a t i c a l l y , as they are 

f o l d e d i n i s o c l i n a l m i c r o f o l d s a l o n g w i t h i n t e r s t i t i a l c h l o r i t e , 

and p y r r h o t i t e commonly d i s p l a y s d e f o r m a t i o n t w i n n i n g (see samples 

KS-TS-6-2 and 3 ) . Other s u l p h i d e s , e s p e c i a l l y t h o s e , such as 

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

an e a r l i e r d e f o r m a t i o n f a b r i c d e f i n e d by s i l i c a t e m i n e r a l s . 

Two stages of s u l p h i d e c r y s t a l l i z a t i o n a r e i n d i c a t e d by the 

f o l l o w i n g t e x t u r e s : Large p y r i t e g r a i n s i n c l u d e s m a l l e r , euhedral 

p y r i t e g r a i n s ; some p y r i t e appears to have been b r e c c i a t e d along 

l a y e r s and r e c r y s t a l 1 i z e d . P y r r h o t i t e rims and/or r e p l a c e s p y r i t e 

i n some p l a c e s , i n d i c a t i n g e i t h e r metamorphism or drop i n S content 

of m i n e r a l i z i n g f l u i d s . S p h a l e r i t e i n c l u d e s c h a l c o p y r i t e , and 

appears to be l a t e , l o c a l , and a s s o c i a t e d w i t h q u a r t z a l t e r a t i o n , 

i n d i c a t i n g p o s s i b l e h y d r o t h e r m a l o r i g i n (see sample KS-TS-5-2). 

P o s t k i n e m a t i c m i n e r a l s i n c l u d e : a c i c u l a r , r a d i a t i n g d i o p s i d e ; 

i d i o m o r p h i c , zoned Ca-garnet; i d i o m o r p h i c e p i d o t e ( p i s t a c i t e ) ; 

and s u l p h i d e s ( c h a l c o p y r i t e and p y r i t e ) which c o n t a i n c a l c - s i l i c a t e s 

( e s p e c i a l l y e p i d o t e ) as i n c l u s i o n s . 

* Help w i t h i d e n t i f i c a t i o n of m i n e r a l s i n p o l i s h e d t h i n s e c t i o n s 
was pr o v i d e d by Jim Logan, a grad u a t e s t u d e n t a t UBC; i n t e r p r e t a t i o n 
of t e x t u r e s i s by J.S. G e t s i n g e r , PhD. 

A more d e t a i l e d p e t r o g r a p h i c r e p o r t by J.S. G e t s i n g e r i s pending. 



v a 11 anccfdcy / (fycr/Nf/u/frj ^Lia. 

J A M E S V i N N E L L Manner p - 0 . B O X 3 9 
I N U M N D A V M C p i r~ ' „• 8 8 8 7 N A S H S T R E E T J O H N G . P A Y N E . P h . D . Geologist 
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Report f o r : W. Meyer, vox uo 
Tech E x p l o r a t i o n s Ltd.., 
1199 West H a s t i n g s S t r e e t , PHONE (604) 888 -1323 
VANCOUVER, B.C., V6E 2K5 I n v o i c e 5700 

Samples: KS s e r i e s : TS-2-1, TS-3-1, TS-5-1, TS-5-2, TS-6-2, TS-6-3 
Summary: 

The samples are o f t h r e e main types, v o l c a n i c , skarn, and massive 
s u l f i d e . 

1. V o l c a n i c Rocks 

Rocks are of p o r p h y r i t i c a n d e s i t e f l o w s , a t u f f , and a d i k e . The 
two flows probably are not the same u n i t , but may be from the same 
sequence. Fragments i n the t u f f are not l i k e the f l o w s . The d i k e 
probably i s from the same magmatic source as the flow with which i t i s 
i n c o n t a c t . A l l samples c o n t a i n replacement patches of e p i d o t e with 
one or more of c h l o r i t e , p y r i t e , c a l c i t e , and a c t i n o l i t e . These 
replacement patches may be r e l a t e d i n o r i g i n t o the skarn. 

TS-2-1 andesite t u f f : fragments of a wide v a r i e t y of a n d e s i t e s , and a 
few e x o t i c types i n an extremely f i n e g r a i n e d groundmass; 
vei n s of e p i d o t e - p y r i t e - c a l c i t e , c h l o r i t e , and a l u n i t e ? - q u a r t z 

TS-3-1 p o r p h y r i t i c a n d e s i t e ; p l a g i o c l a s e phenocrysts i n p l a g i o c l a s e -
r i c h groundmass, moderately abundant a p a t i t e ; replacement patches 
dominated by e p i d o t e w i t h l e s s e r p y r i t e , a c t i n o l i t e ; c a l c i t e 
v e i n s 

TS-5-1 p o r p h y r i t i c a n d e s i t e , w i t h p l a g i o c l a s e and hornblende phenocrysts 
i n p l a g i o c l a s e - r i c h groundmass; replacement patches of e p i d o t e -
c h l o r i t e - p y r i t e ; c u t by e q u i g r a n u l a r a n d e s i t e dike dominated by 
p l a g i o c l a s e w i t h l e s s e r c h l o r i t e and epidote,/and minor horn
blende. I x ^ l r r K . 

2. Skarn 

Samples are s t r o n g l y zoned skarns dominated by d i o p s i d e with abundant 
s u l f i d e s . O r i g i n a l t e x t u r e s may be p r e s e r v e d i n both, but cannot be 
w e l l enough i d e n t i f i e d t o i n d i c a t e the parent rock. 
TS-5-2 zoned skarn, w i t h f o l l o w i n g major zones 

1) q u a r t z - s p h a l e r i t e - ( e p i d o t e ) 
2) d i o p s i d e - s p h a l e r i t e - ( e p i d o t e - q u a r t z ) ± c a l c i t e 
3) s p h a l e r i t e - c h a l c o p y r i t e - p y r i t e ± d i o p s i d e , b i o t i t e / c h l o r i t e , 
4) e p i d o t e - d i o p s i d e garnet 

TS-6-3 banded skarn w i t h f o l l o w i n g major bands 
1) p y r i t e - d i o p s i d e 
2) d i o p s i d e - ( e p i d o t e - a c t i n o l i t e ) 
3) d i o p s i d e - m a g n e t i t e - e p i d o t e - a c t i n o l i t e - p y r i t e - p y r r h o t i t e -

b i o t i t e . 
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3. Massive S u l f i d e 

T h i s sample shows a s t r o n g l y deformed t e x t u r e caused by shear 
f o l d i n g . Thus i t i s not r e l a t e d to the skarn samples. I t i s dominated 
by c h a l c o 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 and p y r i t e , w i t h l e n s e s and 
patches of c h l o r i t e - ( a c t i n o l i t e - e p i d o t e ) . I t c o u l d r e p r e s e n t the C u - r i c h 
p a r t of a v o l c a n o g e n i c massive s u l f i d e . 

TS-6-2 

John G. Payne 



KS TS-2-1 An d e s i t e T u f f 

The sample c o n t a i n s fragments up t o a few mm a c r o s s of s e v e r a l 
v a r i e t i e s of a n d e s i t e i n an extremely f i n e g r a i n e d groundmass, which 
i s d i f f i c u l t to d i s t i n g u i s h from one type of fragment. Veins and 
replacement patches are dominated by e p i d o t e - c a l c i t e - o p a q u e , w i t h minor 
c h l o r i t e and q u a r t z . I r r e g u l a r v e i n s and replacement s t r i n g e r s are 
dominated by c h l o r i t e . One l a t e v e i n i s dominated by a l u n i t e ? w i t h 
l e s s e r q u a r t z . 
major fragment types 
1) l a t h y , very 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 , s l i g h t l y p o r p h y r i t i c 
2) extremely f i n e g r a i n e d a n d e s i t e 

l e s s abundant types 
1) p l a g i o c l a s e p h e n o c r y s t s 
2) p l a g i o c l a s e c r y s t a l t u f f 
3) f o l i a t e d a n d e s i t e / l a t i t e (flow f o l i a t i o n ) 

unusual fragment types 
1) d i o r i t e 
2) epidote-opaque- ( c h l o r i t e - q u a r t z . ) 
3) q u a r t z - p l a g i o c l a s e - p y r i t e 

groundmass 
p l a g i o c l a s e - c h l o r i t e - T i - o x i d e - ( p y r i t e ) 

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

The rock c o n t a i n s fragments a v e r a g i n g 0.5-1.5 mm i n s i z e . A major 
type i s a f i n e g r a i n e d a n d e s i t e dominated by p r i s m a t i c t o 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 , w i t h minor to moderately abundant i n t e r s t i t i a l 
c h l o r i t e and l e s s e r T i - o x i d e and e p i d o t e . A few of these fragments 
c o n t a i n phenocrysts up t o 0.7 mm i n s i z e of subhedral t o e u h e d r a l 
p l a g i o c l a s e . G e n e r a l l y t h i s rock type i s u n f o l i a t e d . 

A l s o common are fragments? ( d i f f i c u l t t o d i s t i n g u i s h from groundmass) 
of extremely f i n e g r a i n e d a n d e s i t e , commonly with a f e a t h e r y , u n o r i e n t e d 
t e x t u r e . They c o n s i s t o f p l a g i o c l a s e w i t h much l e s s c h l o r i t e and T i - o x i d e . 

Less abundant fragment types i n c l u d e p l a g i o c l a s e c r y s t a l s and c r y s t a l 
aggregates a v e r a g i n g 0.7-1.5 mm i n s i z e . These commonly are p a r t l y 
a l t e r e d to very f i n e p a tches of extremely f i n e g r a i n e d c h l o r i t e . 

S e v e r a l patches (fragments?) i n the rock c o n t a i n abundant p l a g i o c l a s e 
c r y s t a l fragments a v e r a g i n g 0.05-0.15 mm i n s i z e i n an extremely 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 much l e s s c h l o r i t e and T i - o x i d e . 

A few fragments are dominated by l a t h y p l a g i o c l a s e showing a 
prominent flow f o l i a t i o n . These have a sparse groundmass of c h l o r i t e and 
T i - o x i d e . 

One fragment i s of a f i n e g r a i n e d d i o r i t e , dominated by p r i s m a t i c , 
subhedral 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 patches of e p i d o t e , T i - o x i d e , 
c h l o r i t e and a p a t i t e . 

A few fragments (or replacement patches) up to 1.5 mm i n s i z e are 
dominated by very f i n e t o f i n e g r a i n e d aggregates of e p i d o t e and l e s s e r 
opaque ( p y r i t e ) . 

One fragment c o n s i s t s o f f i n e g r a i n e d p y r i t e and q u a r t z , w i t h a t h i n 
selvage of extremely t o 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 along one edge of 
the sample ad j a c e n t t o q u a r t z . 

The groundmass•is v a r i a b l e , and dominated by extremely f i n e g r a i n e d 
c h l o r i t e and p l a g i o c l a s e , w i t h moderately abundant t o abundant disseminated 
spots of T i - o x i d e and s c a t t e r e d subhedral to euhedral p y r i t e c r y s t a l s up 
to 0.8 mm i n s i z e . 

(continued) 



KS TS-2-1 (page 2) 

The rock i s c u t by a major v e i n and a few l e s s e r , o f f s h o o t i n g 
v e i n l e t s dominated by very f i n e t o f i n e g r a i n e d e p i d o t e , w i t h l e s s e r 
p y r i t e and c a l c i t e , and with minor q u a r t a . The v e i n i s up to 1 mm i n 
width, and i n p a r t banded a l o n g i t s l e n g t h , w i t h some bands r i c h i n 
p y r i t e , and l a t e ? s t r i n g e r s r i c h i n c a l c i t e . Quartz forms minor ve r y 
f i n e g r a i n s a s s o c i a t e d with c a l c i t e . 

The rock c o n t a i n s abundant replacement s t r i n g e r s and patches of 
very f i n e g r a i n e d c h l o r i t e , l o c a l l y w i t h minor p y r i t e and/or q u a r t z , 
and elsewhere minor e p i d o t e . 

Near the o t h e r end of the sample from the main e p i d o t e - r i c h v e i n 
i s a v e i n up to 0.2 mm wide composed mainly of v e r y f i n e g r a i n e d a l u n i t e ? 
with l e s s e r v e r y f i n e g r a i n e d q u a r t z . A l u n i t e i s i d e n t i f i e d because of 
the f o l l o w i n g p r o p e r t i e s : c o l o r l e s s , b i r e f r i n g e n c e about 0.010, u n i a x i a l 
p o s i t i v e o p t i c s i g n , one good c l e a v a g e , p a r a l l e l e x t i n c t i o n , f a s t ray 
p a r a l l e l to c l e a v a g e . I 



KS TS-3-1 P o r p h y r i t i c A n d e s i t e 

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 a groundmass dominated by 
p l a g i o c l a s e , with replacement patches dominated by e p i d o t e w i t h l e s s e r 
a c t i n o l i t e and p y r i t e , and minor c h l o r i t e . A p a t i t e i s moderately abundant 
i n the groundmass. The rock i s cut by s t r i n g e r s of c a l c i t e . 

P l a g i o c l a s e forms a n h e d r a l to subhedral phenocrysts a v e r a g i n g 0.5¬
1.5 mm i n s i z e , w i th a few up to 2 mm a c r o s s . C o m p o s i t i o n a l zoning i s 
minor. 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 , extremely f i n e 
g r a i n e d f l a k e s of s e r i c i t e , and l o c a l l y t o i r r e g u l a r patches of e p i d o t e . 

Hornblende forms one p h e n o c r y s t 0.5 mm along a s s o c i a t e d w i t h 
a p l a g i o c l a s e p h e n o c r y s t . Hornblende i s r e p l a c e d by pseudomorphic, p a l e 
green a c t i n o l i t e . 

The groundmass i s v a r i a b l e i n t e x t u r e and g r a i n s i z e , w i t h patches 
and g r a i n s averaging 0.1-0.2 mm i n s i z e r a n g i n g down to more abundant 
anhedral aggregates a v e r a g i n g 0.02-0.04 mm i n g r a i n s i z e . P l a g i o c l a s e i s 
mainly anhedral and equant i n o u t l i n e . 

A p a t i t e forms d i s s e m i n a t e d e u h e d r a l to subhedral p r i s m a t i c g r a i n s 
a v e r a g i n g 0.07-0.15 mm i n l e n g t h , w i t h a very few subhedral g r a i n s up t o 
0.4 mm l o n g . 

T i - o x i d e forms pat c h e s a v e r a g i n g 0.1-0.3 mm i n s i z e ; i t probably 
i s secondary a f t e r i l m e n i t e (or p o s s i b l y sphene). E p i d o t e forms d i s s e m i 
nated, i r r e g u l a r g r a i n s a v e r a g i n g 0.03-0.07 mm i n s i z e . C h l o r i t e forms 
wispy f l a k e s and minor patches i n the f i n e r g r a i n e d groundmass. 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 , equant 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 . 
Sphene forms s c a t t e r e d e u h e d r a l to anhedral g r a i n s averaging 0.05 mm 
i n s i z e . 

The rock c o n t a i n s i r r e g u l a r replacement patches up t o a few mm 
a c r o s s i n which p l a g i o c l a s e i s p a r t l y t o c o m p l e t e l y r e p l a c e d by anhedral, 
very f i n e to f i n e g r a i n e d aggregates dominated by e p i d o t e , w i t h l e s s e r 
patches of p y r i t e and o f a c t i n o l i t e . Other patches are dominated by 
very f i n e g r a i n e d a c t i n o l i t e w i t h l e s s e r c h l o r i t e and e p i d o t e . 

The rock i s cut by f r a c t u r e - f i l l i n g v e i n s up t o 0.05 mm i n width 
of v e r y f i n e g r a i n e d c a l c i t e . D i s c o n t i n u o u s , wispy c a l c i t e s t r i n g e r s 
a v e r a g i n g l e s s than 0.02 mm i n width a l s o c ut the rock. 

phenocrysts 
p l a g i o c l a s e 20-25% 
hornblende one g r a i n 

groundmass 
p l a g i o c l a s e 65-70 
a p a t i t e 0.5 
T i - o x i d e 0.7 
c h l o r i t e 0.2 
e p i d o t e 0.3 
p y r i t e (opaque) minor 
sphene t r a c e 

replacement patches 
e p i d o t e 4- 5 
p y r i t e 1- l i 
a c t i n o l i t e 1- l i 
c h l o r i t e 0.2 

v e i n s 
c a l c i t e 0.3 



KS TS-5-1 Contact: P o r p h y r i t i c A n d e s i t e , A n d e s i t e Dike 

The sample c o n t a i n s two types of a n d e s i t e , one s t r o n g l y p o r p h y r i t i c 
and the other e q u i g r a n u l a r . P o r p h y r i t i c a n d e s i t e c o n t a i n s phenocrysts of 
p l a g i o c l a s e and l e s s e r hornblende i n a groundmass o f p l a g i o c l a s e - c h l o r i t e 
e p i d o t e , with replacement patches of e p i d o t e - c h l o r i t e - p y r i t e . The e q u i 
g r a n u l a r a n d e s i t e c o n t a i n s minor p l a g i o c l a s e and hornblende phenocrysts 
i n a f i n e g r a i n e d groundmass o f p l a g i o c l a s e - c h l o r i t e - e p i d o t e - h o r n b l e n d e , 
w ith e p i d o t e - c h l o r i t e commonly c o n c e n t r a t e d i n i r r e g u l a r patches. 
p o r p h y r i t i c a n d e s i t e 

replacement patches 4- 5% 
e p i d o t e - c h l o r i t e - p y r i t e - ( T i - o x i d e ) 

p h enocrysts 
p l a g i o c l a s e 17-20% 
hornblende 5- 6 

groundmass 
p l a g i o c l a s e 60-65 
c h l o r i t e 5- 7 
e p i d o t e 0.3 
a p a t i t e 0.2 
T i - o x i d e 0.1 
sphene 0.1 
i l m e n i t e minor 
q u a r t z 0.1 

P l a g i o c l a s e forms subhedral t o e u h e d r a l p h e n o c r y s t s averaging 0.3¬
1 mm i n s i z e , w i t h a few up t o 1.5 mm a c r o s s . Many l a r g e r phenocrysts 
show s t r o n g c o m p o s i t i o n a l zoning, w i t h a core of u n i f o r m composition 
(0.5 mm) rimmed by a zone 0.2 mm wide showing s t r o n g c o m p o s i t i o n a l 
zoning towards more s o d i c composition, and an o u t e r , more i r r e g u l a r 
zone (0.1 mm wide) of u n i f o r m c o m p o s i t i o n , p o s s i b l y the same as the 
c o r e . T h i s c o n c l u s i o n i s based on the f a c t t h a t i n many of these g r a i n s , 
the c o r e s and rims are s l i g h t l y t o moderately a l t e r e d to s e r i c i t e , 
whereas the s t r o n g l y zoned r e g i o n i s f r e s h . Composition from another, 
more unif o r m g r a i n suggests An4Q-45- Other g r a i n s show minor to l o c a l l y 
moderately abundant a l t e r a t i o n t o i r r e g u l a r patches of e p i d o t e . 

Hornblende forms subhedral to euhedral p r i s m a t i c phenocrysts 
averaging 0.5-1 mm i n s i z e , w i t h a v e r y few up t o 1.7 mm long. Hornblende 
i s p l e o c h r o i c from p a l e or l i g h t brown t o medium brown. I t i s i r r e g u l a r l y 
a l t e r e d t o patches of extremely f i n e g r a i n e d c h l o r i t e (average 20-50% of 
g r a i n ) , w i t h numerous s m a l l e r phenocrysts c o m p l e t e l y r e p l a c e d by c h l o r i t e 
with or without much l e s s c a l c i t e . One c l u s t e r 2 mm a c r o s s c o n s i s t s of 
an aggregate of anhedral hornblende g r a i n s a v e r a g i n g 0.3-0.8 mm i n s i z e . 

The groundmass i s dominated by p l a g i o c l a s e i n two t e x t u r e s . Anhedral 
i r r e g u l a r g r a i n s from 0.1-0.4 mm i n - s i z e are i n t e r g r o w n with subhedral 
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 ; the c o a r s e r g r a i n s 
appear to be i n t e r s t i t i a l to the f i n e r l a t h y g r a i n s . C h l o r i t e forms 
i r r e g u l a r , wispy f l a k e s , and i n t e r s t i t i a l patches of extremely f i n e t o 
very f i n e g r a i n s i z e . C o l o r i s p a l e t o l i g h t green, with normally deep 
blue i n t e r f e r e n c e c o l o r . E p i d o t e forms i r r e g u l a r , equant to elongate 
patches, m a i n l y a s s o c i a t e d with c h l o r i t e . A p a t i t e forms subhedral to 
euhedral g r a i n s a v e r a g i n g 0.1 mm i n s i z e . I l m e n i t e forms s c a t t e r e d 
equant g r a i n s a v e r a g i n g 0.07 mm a c r o s s ; they appear t o be p a r t l y to 
t o t a l l y a l t e r e d t o leucoxene. T i - o x i d e forms i r r e g u l a r , extremely f i n e 
g r a i n e d patches up to 0.05 mm i n s i z e . Sphene forms a few c l u s t e r s of 
anhedral g r a i n s a v e r a g i n g 0.05 mm i n s i z e i these are i n c l u d e d i n c h l o r i t e 
a djacent to two hornblende p h e n o c r y s t s . Sphene a l s o forms disseminated 
equant g r a i n s of s i m i l a r s i z e and shape. Quartz forms a few i n t e r s t i t i a l 
patches of g r a i n s from 0.05-0.1 mm i n s i z e . 

The rock i s r e p l a c e d by i r r e g u l a r patches up t o 1.5 mm i n s i z e of 
f i n e t o v e r 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 e p i d o t e , c h l o r i t e , and p y r i t e , 
w i th minor T i - o x i d e and l o c a l l y moderately abundant a p a t i t e . 

(continued) 



KS TS-5-1 (page 2) 

e q u i g r a n u l a r a n d e s i t e 
phenocrysts 
p l a g i o c l a s e 1% 
hornblende 0.5 

groundmass 
p l a g i o c l a s e 65-70 
c h l o r i t e 10-12 
e p i d o t e 12-15 
hornblende 4^ 5 
T i - o x i d e 0 . 5 

P l a g i o c l a s e forms a v e r y few p h e n o c r y s t s up to- 0.7 mm i n s i z e . 
Hornblende forms p r i s m a t i c t o a c i c u l a r p henocrysts up to 1.3 mm i n l e n g t h . 

The groundmass i s an u n o r i e n t e d i n t e r g r o w t h of p l a g i o c l a s e w i t h 
l e s s e r c h l o r i t e , e p i d o t e , and hornblende, w i t h minor T i - o x i d e and opaque. 
Ep i d o t e i s c o n c e n t r a t e d somewhat i n i r r e g u l a r patches,.in p a r t a s s o c i a t e d 
with c h l o r i t e . T i - o x i d e i s as i n the p o r p h y r i t i c a n d e s i t e . 

The more unif o r m and c o a r s e r g r a i n s i z e of the groundmass of t h i s 
rock suggests t h a t the rock may be a hypabyssal d i k e c u t t i n g a c r o s s the 
v o l c a n i c to s u b v o l c a n i c a n d e s i t e . 

The p o r p h y r i t i c a n d e s i t e i s c u t by a wispy s t r i n g e r 0.01-0.02 mm 
wide of quartz. 



KS TS-5-2 Zoned Skarn ( D i o p s i d e - S p h a l e r i t e - C h a l c o p y r i t e - P y r i t e -
Q u a r t z - E p i d o t e ) 

The sample i s s t r o n g l y c o m p o s i t i o n a l l y zoned as i n the sketch below: 

Zone 1 Q u a r t z - S p h a l e r i t e - E p i d o t e 
S p h a l e r i t e (35%) forms i r r e g u l a r g r a i n s and aggregates averaging 

0.05-0.2 mm i n s i z e , w i t h a few patches up t o a few mm a c r o s s . I t i s 
i n t i m a t e l y i n t ergrown w i t h q u a r t z (55%) , which forms an extremely f i n e 
t o very f i n e g r a i n e d aggregate w i t h a s l i g h t l y i n t e r l o c k i n g c h e r t y 
t e x t u r e . S c a t t e r e d through the q u a r t z aggregates are anhedral g r a i n s 
up to 0.25 mm a c r o s s . E p i d o t e forms su b h e d r a l t o e u h e d r a l p r i s m a t i c 
g r a i n s a v e r a g i n g 0.1-0.3 mm i n l e n g t h , w i t h a few up to 0.6 mm long. 
P y r i t e (minor) forms s c a t t e r e d , equant, a n h e d r a l g r a i n s up t o 0.1 mm 
a c r o s s . The zone i s somewhat g r a d a t i o n a l i n t o Zone 2, i n t h a t e p i d o t e 
and quartz are moderately abundant i n Zone 2 near the border of Zone 1 

Zone 2 D i o p s i d e - S p h a l e r i t e 
D i o p s i d e forms an anhedral aggregate of g r a i n s a v e r a g i n g 0.3-1 mm 

i n g r a i n s i z e . These range from equant t o p r i s m a t i c i n shape. S p h a l e r i t e 
(10-15%) forms i r r e g u l a r t o subangular 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 . Towards zone 3, s p h a l e r i t e g r a i n s commonly c o n t a i n minor t o 
l o c a l l y moderately abundant c h a l c o p y r i t e i n c l u s i o n s . Quartz forms 
anh 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 , moderately abundant near 
Zone 1 and r a r e near Zone 3. E p i d o t e 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 
as i n Zone 1. 
Zone 3 S u l f i d e - r i c h ( S p h a l e r i t e - P y r i t e - C h a l c o p y r i t e ) 

The zone i s d i v i d e d i n t o subzones c h a r a c t e r i z e d by the abundance 
of one of the s u l f i d e s . S p h a l e r i t e forms g r a i n s up to 2 mm a c r o s s . 
C h a l c o p y r i t e i n c l u s i o n s as b l e b s and t r a i n s are moderately to very 
abundant. P y r i t e forms g r a i n s up t o a few mm a c r o s s . Some are c u t by 
v e i n l e t s dominated by c h a l c o p y r i t e . P y r i t e a l s o forms a much f i n e r 
g r a i n e d i n t e r g r o w t h w i t h d i o p s i d e ; t e x t u r e s suggest t h a t t h i s p y r i t e 
may be secondary a f t e r p y r r h o t i t e . C h a l c o p y r i t e forms coarse patches 
up to a few mm a c r o s s . D i o p s i d e occurs mainly i n s p h a l e r i t e - r i c h patches 
as v e r y f i n e t o medium g r a i n s , intergrown w i t h s p h a l e r i t e as i n Zone 2. 
Zone 4 D i o p s i d e - r i c h ( C a l c i t e a l t e r a t i o n ) 

T h i s zone i s moderately s i m i l a r t o zone 2. I t c o n t a i n s f i n e r g r a i n e d 
(0.05-0.1 mm) and c o a r s e r g r a i n e d (0.3-0.8 mm) zones of d i o p s i d e . Diopside 
i s i r r e g u l a r l y r e p l a c e d by patches of c a l c i t e , and l o c a l l y near Zone 5, 
c a l c i t e forms c o a r s e i n t e r s t i t i a l g r a i n s up t o 1 mm i n s i z e . Epidote and 
s p h a l e r i t e are p r e s e n t i n t e x t u r e s and abundances s i m i l a r t o those i n 
Zone 2. 
Zone 5 C h a l c o p y r i t e - S p h a l e r i t e - P y r i t e - D i o p s i d e - B i o t i t e / C h l o r i t e -

Garnet 
The zone i s somewhat s i m i l a r t o Zone 3, w i t h patches r i c h i n 

each s u l f i d e , and w i t h s p h a l e r i t e c o n t a i n i n g abundant c h a l c o p y r i t e 
i n c l u s i o n s . Garnet forms a c l u s t e r of a few g r a i n s up to 0.5 mm i n s i z e 
a s s o c i a t e d w i t h c h a l c o p y r i t e . B i o t i t e / c h l o r i t e forms patches up to 0.3 
mm a c r o s s of extremely f i n e g r a i n e d , u n o r i e n t e d aggregates of f l a k e s of 
l i g h t brown c o l o r . C a l c i t e forms s c a t t e r e d i n t e r s t i t i a l patches near the 
l a r g e p a t c h i n zone 4. 

(continued) 



KS TS-6-2 S t r o n g l y Deformed Massive S u l f i d e ( C h a l c o p y r i t e - P y r r h o t i t e -
P y r i t e ) w i t h C h l o r i t e - A c t i n o l i t e - E p i d o t e Seams 

The sample shows s t r o n g l y deformed bands of s i l i c a t e s surrounded 
by massive s u l f i d e s dominated by c h a l c o p y r i t e and l e s s e r p y r r h o t i t e , 
which a l s o show evidence of s t r o n g shear d e f o r m a t i o n . 

C h a l c o p y r i t e shows a s t r o n g l y f o l i a t e d t e x t u r e d e f i n e d by wispy 
seams of s i l i c a t e s (probably mainly c h l o r i t e ) . T i n y f o l d s i n some of 
the shears are m i r r o r e d by l a r g e r f o l d s i n broader bands of s i l i c a t e s , 
and together these i n d i c a t e t h a t the rock was s t r o n g l y sheared and 
r e c r y s t a l l i z e d . 

P y r r h o t i t e i s intergrown c o a r s e l y w i t h c h a l c o p y r i t e as l e n s e s 
p a r a l l e l t o f o l i a t i o n , and much more f i n e l y intergrown l o c a l l y along 
borders of some l e n s e s and i n patches w i t h i n some l e n s e s . P y r r h o t i t e i s 
mainly very f i n e g r a i n e d , with g r a i n s showing a p r e f e r r e d o r i e n t a t i o n 
p a r a l l e l to f o l i a t i o n . 

P y r i t e i s c o n c e n t r a t e d l o c a l l y as patches and seams, some of which 
have o u t l i n e s s u g g e s t i n g t h a t they were deformed. L a r g e r g r a i n s are up 
t o 1.5 mm i n s i z e . They commonly have sub h e d r a l o u t l i n e s , but i n d e t a i l 
the g r a i n borders g e n e r a l l y are ragged, as i f they had been corroded 
d u r i n g deformation. A few coarse p y r i t e g r a i n s are s t r o n g l y corroded, 
w i t h i r r e g u l a r patches of c h a l c o p y r i t e r e p l a c i n g 25% of the g r a i n s . 

S i l i c a t e - r i c h l e n s e s are up t o s e v e r a l mm wide, w i t h widest zones 
being i n the noses of f o l d s . They are dominated by v e r y f i n e (0.02-0.05 
mm) g r a i n e d c h l o r i t e i n random o r i e n t a t i o n of equant books, w i t h 
i r r e g u l a r patches of v e r y f i n e g r a i n e d , f i b r o u s to l o c a l l y p r i s m a t i c 
a c t i n o l i t e i n t i m a t e l y intergrown w i t h c h l o r i t e i n some pat c h e s . C h l o r i t e 
i s moderately p l e o c h r o i c from p a l e y e l l o w i s h green to l i g h t green. 
A c t i n o l i t e i s n e a r l y c o l o r l e s s , s u g g e s t i n g t h a t i t i s near the t r e m o l i t e 
end of the s o l i d s o l u t i o n s e r i e s . Other patches of c h l o r i t e c o n t a i n 
minor to abundant i r r e g u l a r to s u b h e d r a l g r a i n s of e p i d o t e a v e r a g i n g 
0.05-0.1 mm i n g r a i n siz.e. T i - o x i d e forms s c a t t e r e d , extremely f i n e 
g r a i n e d aggregates up to 0.2 mm i n s i z e , i n t i m a t e l y intergrown with 
c h l o r i t e . 

C a l c i t e occurs i n a v e i n - l i k e zone as s e v e r a l g r a i n s up t o 0.4 mm 
i n s i z e . I t may have f i l l e d a f r a c t u r e zone formed d u r i n g l a t e t e n s i o n a l 
deformation of the massive s u l f i d e . 

c h a l c o p y r i t e 
p y r r h o t i t e 
p y r i t e 
c h l o r i t e 
a c t i n o l i t e 
e p i d o t e 
T i - o x i d e 
c a l c i t e 

77-80% 
7- 8 
2- 3 
8- 10 
2- 3 
1- l i 
0.2 
0.2 



KS TS-6-3 Banded Skarn ( D i o p s i d e - r i c h ) 

The sample shows a prominent banding of c o m p o s i t i o n a l l a y e r s , with 
the l a r g e s t l a y e r a l s o showing i n t e r n a l f o l i a t i o n p a r a l l e l t o c o m p o s i t i o n a l 
banding. I t i s dominated by d i o p s i d e , w i t h l e s s e r p y r i t e , e p i d o t e , 
a c t i n o l i t e , p y r r h o t i t e , magnetite, c h a l c o p y r i t e , b i o t i t e , and c h l o r i t e . 

P y r i t e forms massive aggregates o f medium to coarse g r a i n s , with 
i n t e r s t i t i a l patches (10-20%) of g r a n u l a r t o p r i s m a t i c , extremely f i n e 
g r a i n e d d i o p s i d e 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 . Pale t o l i g h t 
green a c t i n o l i t e forms i r r e g u l a r patchy t o l e n s y replacements of d i o p s i d e . 
C h a l c o p y r i t e forms v e r y f i n e g r a i n e d p a t c h e s along edges of and near 
p y r i t e g r a i n s , and one v e i n l e t 0.03 mm wide c u t t i n g a p y r i t e g r a i n . 
Zone 2 D i o p s i d e - r i c h 

The c o n t a c t w i t h zone 1 i s marked by an abrupt decrease i n p y r i t e 
content; d i o p s i d e t e x t u r e s are the same i n both zones, a l t h o u g h zone 2 
co n t a i n s some c o a r s e r g r a i n e d patches a v e r a g i n g 0.03-0.05 mm i n g r a i n s i z e . 
A c t i n o l i t e (2-3%) forms replacement patches and seams as i n zone 1. 
Epidote (3-5%) 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 replacement patches. 
C h a l c o p y r i t e (0.3%) forms extremely f i n e g r a i n e d aggregates i n t i m a t e l y 
intergrown with d i o p s i d e . P y r i t e forms one coarse l e n s (with minor 
c h a l c o p y r i t e ) s i m i l a r t o p y r i t e i n zone 1. 
Zone 3 Lensy, v a r i a b l e c o m p o s i t i o n , d i o p s i d e - r i c h 

T r a i n s of m i n e r a l s d e f i n e a prominent f o l i a t i o n . T h i s was o u t l i n e d 
i n the o r i g i n a l d i o p s i d e - m a g n e t i t e skarn by l e n s e s of extremely f i n e g r a i n e d 
magnetite (4-5%) . S u l f i d e s ( p y r i t e [4-5%] , p y r r h o t i t e [2 — 3% 1 and chalcopy
r i t e [0.3%] p r o b a b l y were i n t r o d u c e d d u r i n g e p i d o t e - a c t i n o l i t e a l t e r a t i o n . 
P y r i t e and p y r r h o t i t e occur mainly i n se p a r a t e l e n s e s of very f i n e to 
l o c a l l y f i n e g r a i n s i z e . P y r r h o t i t e commonly c o n t a i n s minor p y r i t e and 
c h a l c o p y r i t e i n t e r g r o w t h s . C h a l c o p y r i t e a l s o i s common as dis s e m i n a t e d 
patches up to 0.15 mm a c r o s s intergrown with d i o p s i d e . 

D i o p s i d e grades i n g r a i n s i z e from extremely f i n e t o f i n e , w i t h 
c o a r s e s t patches commonly a s s o c i a t e d w i t h s u l f i d e - r i c h l e n s e s . B i o t i t e 
(3-4%) g e n e r a l l y o c c u r s i n extremely f i n e t o ver y f i n e g r a i n e d l e n s e s 
and patches i n t e r g r o w n w i t h magnetite, and t o a l e s s e r e x t e n t with 
p y r i t e . B i o t i t e i s a medium brown c o l o r , and shows weak t o moderate 
pleochroism. E p i d o t e (7-10%) forms i r r e g u l a r extremely f i n e to very f i n e 
g r a i n e d replacement patches, i n p a r t a s s o c i a t e d w i t h a c t i n o l i t e and 
s u l f i d e s . A c t i n o l i t e (2-3%) i s c o n c e n t r a t e d i n a few patches with 
e p i d o t e and s u l f i d e s . C h l o r i t e (0.5%) forms s c a t t e r e d , extremely f i n e 
g r a i n e d patches l e s s than 0.15 mm a c r o s s . 

The zone i s c u t by a few v e i n l e t s up t o 0.15 mm i n width of p y r i t e 
and b i o t i t e . B i o t i t e i n the v e i n s i s f i n e t o medium g r a i n e d , w i t h a 
brownish green c o l o r and unusual t e x t u r e . 

A c t i n o l i t e i s c o n c e n t r a t e d i n a l e n s a few mm long and up to 0.4 mm 
wide p a r a l l e l t o f o l i a t i o n , and forms v e i n l e t s r a n g i n g from wispy s t r i n g e r s 
t o one v e i n 0.1 mm i n width c u t t i n g a c r o s s f o l i a t i o n . 

Zone 1 P y r i t e - ( D i o p s i d e ) 
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Samples: WM-1 t o 4 

Summary: 
The samples are from a skarn zone i n a f e l s i c v o l c a n i c t e r r a i n . Only 

minor amounts of the o r i g i n a l f e l s i c v o l c a n i c rock are p r e s e r v e d i n WM-1 
and WM-2. I t i s an extremely f i n e g r a i n e d l a t i t e which might be a flow or 
a t u f f a c e o u s sediment. Evidence f o r a sedimentary o r i g i n i s suggested by 
the s t r o n g l y banded nature of sample WM-1. However, an a l t e r n a t e p o s s i b i l i t y 
f o r the banding i s t h a t i t was formed d u r i n g s k a r n i f i c a t i o n of the rock. 
The skarn i s dominated by d i o p s i d e , e p i d o t e , and p y r r h o t i t e , w i t h l e s s e r 
patches of q u a r t z , garnet, and a c t i n o l i t e . A c t i n o l i t e , l o c a l l y w i t h 
c h l o r i t e and b i o t i t e forms a r e t r o g r a d e assemblage i n i n t e r s t i t i a l 
p a tches and along f r a c t u r e s and i n a b r e c c i a m a t r i x . 
WM-1 L a t i t e i n c o n t a c t w i t h e p i d o t e - r i c h skarn, w i t h patches of q u a r t z 

and a d i o p s i d e - r i c h l a y e r . The l a t t e r i s i n c o n t a c t w i t h a d i o p s i d e -
r i c h skarn c o n t a i n i n g patches and replacement l e n s e s of p y r r h o t i t e -
( c h l o r i t e ) . 

WM-2 L a t i t e i n i r r e g u l a r c o n t a c t w i t h skarn dominated by e p i d o t e with 
much l e s s a c t i n o l i t e and d i o p s i d e , with moderately abundant patches 
and seams of p y r r h o t i t e , and w i t h i n t e r s t i t i a l zones of q u a r t z and 
of c a l c i t e . Late replacement v e i n s and b r e c c i a m a t r i x c o n t a i n 
c h l o r i t e , b i o t i t e , and a c t i n o l i t e . 

WM-3 zoned skarn, with a major zone o f e p i d o t e - ( p y r r h o t i t e ) skarn s u r r o u n 
ded by p y r r h o t i t e - d i o p s i d e - ( g a r n e t - q u a r t z } s k a r n . Secondary v e i n l e t s 
are mainly of a c t i n o l i t e - ( p y r r h o t 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, p o s s i b l y of secondary o r i g i n . 

WM-4 l e n s y , patchy skarn w i t h t h r e e main types of zones: 1) p y r r h o t i t e ± 
e p i d o t e , 2) d i o p s i d e - p y r r h o t i t e , and 3) d i o p s i d e - e p i d o t e - a c t i n o l i t e . 

A few of the samples are c u t by l a t e hematite v e i n s and v e i n l e t s , 
most p r o b a b l y the r e s u l t of s u r f i c i a l w e athering. 

I t i s im p o s s i b l e t o determine whether the ro c k s are of v o l c a n i c 
(flow) o r t u f f a c e o u s sedimentary o r i g i n because of the absence of d i a g n o s t i c 
f e a t u r e s (phenocrysts, bedding), and the i n t e n s e replacement of the primary 
r o c k s . 

T̂/ohn G. Payne 

Note: In some samples, p y r r h o t i t e i n c l u d e s minor t o moderately abundant 
c h a l c o p y r i t e , not d i s t i n g u i s h a b l e i n t h i n s e c t i o n , and grouped with 
p y r r h o t i t e i n d e s c r i p t i o n s . 

S A M P L E P R E P A R A T I O N F O R M I C R O S T U D I E S • P E T R O G R A P H I C R E P O R T S • S P E C I A L G E O L O G Y F I E L D S T U D I E S 



WM-1 S k a r n i f i e d V o l c a n o g e n i c Sediment?- Flow? 

The rock i s l a y e r e d w i t h t h r e e main t y p e s . An extremely f i n e g r a i n e d 
l a t i t e i s i n c o n t a c t w i t h a c o a r s e r e p i d o t e - q u a r t z skarn, which i n t u r n 
i s a d j a c e n t and g r a d a t i o n a l i n p a r t t o a f i n e r g r a i n e d e p i d o t e - d i o p s i d e 
skarn. T h i s i s i n sharp c o n t a c t w i t h a d i o p s i d e - r i c h skarn with abundant 
patches of a l t e r e d p y r r h o t i t e . 

Zone 1 L a t i t e 
T h i s i s an e x t r e m e l y f i n e g r a i n e d l a t i t e { p o s s i b l y a n d e s i t e ) s e d i 

ment or flow, composed mainajy of a n h e d r a l , 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 l e s s than 0.01 mm i n s i z e , w i t h a few s m a l l patches of 
g r a i n s a v e r a g i n g 0.02 mm i n s i z e . D i s s e m i n a t e d through the rock i s 
minor t o abundant, e x t r e m e l y f i n e g r a i n e d e p i d o t e and/or a c t i n o l i t e . 
C o a r s e r g r a i n e d p a t c h e s of a c t i n o l i t e and/or e p i d o t e r e p r e s e n t i n c i p i e n t 
skarn f o r m a t i o n i n the l a t i t e . 

Zone 2 E p i d o t e - Q u a r t z , E p i d o t e - D i o p s i d e Skarn 
In sharp c o n t a c t w i t h Zone 1 i s a 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 

aggregate of s u b h e d r a l t o massive e p i d o t e , w i t h i n t e r s t i t i a l patches 
a v e r a g i n g 0.05-0.1 mm i n s i z e of Fe-oxide and a l t e r e d p y r r h o t i t e . A few 
l a r g e r patches up t o s e v e r a l mm or 1 cm a c r o s s c o n s i s t o f f i n e t o very 
f i n e g r a i n e d q u a r t z aggregates w i t h moderately abundant intergrown 
e p i d o t e and minor a c t i n o l i t e . E p i d o t e commonly i s s u b h e d r a l to euhedral 
and ranges up t o g r a i n s 0.8 mm i n l e n g t h . A c t i n o l i t e forms c o n c e n t r a t i o n s 
of d i s s e m i n a t e d a c i c u l a r n e e d l e s and a few p a t c h e s o f p r i s m a t i c t o 
f i b r o u s g r a i n s . The zone i s cut by d i s c r e t e v e i n s of e p i d o t e up t o 0.2 
mm i n width, and wispy seams and s t r i n g e r s up t o 0.1 mm i n width of 
f e a t h e r y a c t i n o l i t e ? . The l a t t e r has a p a l e t o l i g h t brownish green to 
medium o l i v e green c o l o r ; some of the c o l o r p r o b a b l y i s due to Fe-oxide 
s t a i n i n g . 

T h i s zone grades i n p a r t and i s i n r e l a t i v e l y sharp c o n t a c t i n p a r t 
with an e p i d o t e - d i o p s i d e skarn c o n t a i n i n g d i s s e m i n a t e d v e r y f i n e g r a i n s 
of e p i d o t e as i n the r e s t o f zone 1 w i t h i n a groundmass of extremely 
f i n e g r a i n e d , g r a n u l a r d i o p s i d e , and with minor t o moderately abundant 
groundmass F e - o x i d e . 

Zone 3 D i o p s i d e - P y r r h o t i t e Skarn 
In sharp c o n t a c t w i t h Zone 2 i s an extremely f i n e g r a i n e d {0.01 mm) 

g r a n u l a r aggregate of d i o p s i d e up t o 1 mm i n w i d t h . T h i s grades i n t o a 
c o a r s e r g r a i n e d (0.02-0.04 mm) aggregate of equant t o s l i g h t l y 
p r i s m a t i c d i o p s i d e , w i t h s c a t t e r e d d i s s e m i n a t e d g r a i n s and patches of 
subhedral e p i d o t e a v e r a g i n g 0 .03-0 .7 mm i n s i z e . P y r r h o t i t e o c c u r s i n 
two modes. More common are patches up t o a few mm a c r o s s of extremely 
f i n e g r a i n e d aggregates w i t h minor i n t e r g r o w n s i l i c a t e s of s i m i l a r g r a i n 
s i z e (0.01-0.02 mm). L a t e g a s h - f i l l i n g seams are o f v e r y f i n e to f i n e 
g r a i n e d p y r r h o t i t e . Both p r o b a b l y are p a r t l y a l t e r e d t o m a r c a s i t e / p y r i t e 
and/or F e - o x i d e s . Late patches of p y r r h o t i t e c o n t a i n v e r y f i n e g r a i n e d 
patches of a l t e r e d c h l o r i t e w i t h a medium g r e e n i s h brown c o l o r . A few 
dark seams c o n t a i n abundant d i s s e m i n a t e d and i n t e r s t i t i a l semiopaque, 
p r o b a b l y F e - o x i d e s . 



WM-2 S k a r n / L a t i t e 

The sample c o n t a i n s minor p a t c h e s of extremely f i n e g r a i n e d l a t i t e 
f low? or sedimentary t u f f ? i n a v a r i a b l e , v e r 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 - q u a r t z - a c t i n o l i t e - d i o p s i d e - c a l c i t e s k a r n . B r e c c i a t i o n was f o l l o w e d 
by v e i n i n g of c h l o r i t e - b i o t i t e - a c t i n o l i t e - ( T i - o x i d e ) . 

Zone 1 L a t i t e 

In one c o r n e r of the sample i s a zone 
l a t i t e , i n p a r t s i m i l a r t o t h a t i n sample 1 
and/or q u a r t z w i t h a c h e r t y i n t e r l o c k i n g t 
c o a r s e r g r a i n e d aggregates o f quartz.. The 
patches by extremely f i n e t o v e r y f i n e g r a 
a c t i n o l i t e , and by l e s s e r e x t remely f i n e g 
e p i d o t e and T i - o x i d e , w i t h a few c o a r s e r g 
a s s o c i a t e d w i t h a c t i n o l i t e . The c o n t a c t wi 
i r r e g u l a r i n o u t l i n e . 

of extremely f i n e g r a i n e d 
. T h i s c o n s i s t s of p l a g i o c l a s e 
e x t u r e , g r a d i n g l o c a l l y to 
rock i s r e p l a c e d i n i r r e g u l a r 
i n e d aggregates of f e a t h e r y 
r a i n e d g r a n u l a r aggregates of 
r a i n e d patches of e p i d o t e 
t h the skarn i s sharp and 

Zone 2 Skarn 

e p i d o t e 
q u a r t z 
a c t i n o l i t e 
c a l c i t e 
d i o p s i d e 
opaque 

50-55% 
2- 3 
7- 8? 
2- 3 
1- 2? 
5- 7 

(may be l e s s , see d i o p s i d e below) 

(may be more, see a c t i n o l i t e above) 

l a t e replacement v e i n s , b r e c c i a groundmass 
c h l o r i t e 10-12 
b i o t i t e 7-10 
a c t i n o l i t e 3- 4 
T i - o x i d e 1 

E p i d o t e forms v e r y f i n e t o f i n e g r a i n e d aggregates of anhedral t o 
s u b h e d r a l , equant t o p r i s m a t i c g r a i n s , w i t h a few e u h e d r a l g r a i n s s e t i n 
a groundmass of quartz, or c a l c i t e . A c t i n o l i t e and d i o p s i d e form f i n e 
g r a i n s and aggregates i n t e r g r o w n w i t h e p i d o t e . Both are c o l o r l e s s t o 
p a l e green, and are o p t i c a l l y s i m i l a r i n many g r a i n s . 

Quartz i s c o n c e n t r a t e d i n one p a t c h 1.5 mm a c r o s s where i t forms 
a f i n e g r a i n e d aggregate a s s o c i a t e d w i t h l e s s e r s u bhedral to euhedral 
e p i d o t e . I t a l s o o c c u r s as i n t e r s t i t i a l p atches i n e p i d o t e near the 
l a t i t e of Zone 1. C a l c 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 0.7 mm i n 
s i z e between e p i d o t e and a c t i n o l i t e / d i o p s i d e aggregates. Opaque, mainly 
p y r r h o t i t e forms a few patches up t o s e v e r a l mm a c r o s s and moderately 
abundant l e n s e s and d i s s e m i n a t i o n s , commonly in t e r g r o w n w i t h s i l i c a t e s . 

The rock i s b r e c c i a t e d , w i t h b r e c c i a m a t r i x and v e i n l e t s composed 
of extremely f i n e t o v e r y f i n e g r a i n e d aggregates of c h l o r i t e , b i o t i t e , 
and a c t i n o l i t e . C h l o r i t e i s p a l e green, b i o t i t e y e l l o w i s h brown, and 
a c t i n o l i t e y e l l o w i s h brown. A s s o c i a t e d wi th these are g r a n u l a r aggregates 
and t r a i n s of T i - o x i d e . Late c h l o r i t e v e i n s and g a s h - f r a c t u r e f i l l i n g s 
a r e p a l e t o l i g h t green i n c o l o r and i n p a r t c o a r s e r g r a i n e d . These 
commonly have minor t o moderately abundant i n t e r g r o w t h s of g r a n u l a r 
T i - o x i d e . 



WM-3 Zoned Skarn 

The sample i s a zoned skarn, w i t h one zone dominated by p y r r h o t i t e 
with i n t e r s t i t i a l d i o p s i d e and a huge ga r n e t g r a i n , and the oth e r zone 
dominated by e p i d o t e with l e s s e r p y r r h o t i t e i n v e i n l e t s and l e s s e r 
patches. Secondary v e i n l e t s and patches are dominated by a c t i n o l i t e . 

T h i s zone i s dominated by massive patches o f p y r r h o t i t e , w ith 
i n t e r s t i t i a l p a t c h e s of extremely f i n e t o l o c a l l y v e r y f i n e and f i n e 
g r a i n e d d i o p s i d e and much l e s s q u a r t z . D i o p s i d e i s c o a r s e s t along the 
border with Zone 2. Garnet forms one megacryst 1.5 mm i n s i z e a t one 
end of the s e c t i o n ; i t i s p a l e orange i n c o l o r and c o n t a i n s very few 
i n c l u s i o n s of opaque and of s i l i c a t e s . C h l o r i t e forms s c a t t e r e d , very 
f i n e t o extremely f i n e g r a i n e d p a t c h e s i n t e r s t i t i a l t o aggregates of 
d i o p s i d e . Quartz forms ve r y f i n e g r a i n s and aggregates i n t e r s t i t i a l 
t o p y r r h o t i t e , e i t h e r alone or w i t h d i o p s i d e . 

Zone 2 E p i d o t e - ( p y r r h o t i t e ) 

T h i s zone i s dominated by a 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 
aggregate of a n h e d r a l e p i d o t e . P y r r h o t i t e forms i r r e g u l a r seams and 
patches c u t t i n g a c r o s s the e p i d o t e a g g r e g a t e . 

The rock i s c u t by v e i n l e t s , a few v e i n s , and i r r e g u l a r patches 
of p a l e green a c t i n o l i t e . Some of the a c t i n o l i t e appears t o be i n the 
matr i x of a b r e c c i a . The c o a r s e s t v e i n i s d i s c o n t i n u o u s , and c o n s i s t s 
of a c t i n o l i t e and much l e s s p y r r h o t i t e . A c t i n o l i t e i s o r i e n t e d perpen
d i c u l a r to the v e i n w a l l s i n f i b r o u s a g g r e g a t e s a v e r a g i n g 0.2-0.4 mm 
i n l e n g t h . 

One l a t e v e i n l e t c o n t a i n s deep red-brown h e m a t i t e . 

Zone 1 P y r r h o t i t e - D i o p s i d e - G a r n e t - Q u a r t z 



WM-4 * P y r r h o t i t e - D i o p s i d e - E p i d o t e - A c t i n o l i t e Skarn 

The sample c o n t a i n s i r r e g u l a r l e n s e s and p a t c h e s of t h r e e main 
ty p e s , w i t h g r a d a t i o n s between them. They are as f o l l o w s : 

1) p y r r h o t i t e ± e p i d o t e 
2) d i o p s i d e - p y r r h o t i t e - ( e p i d o t e - a c t i n o l i t e 
3) d i o p s i d e - e p i d o t e - a c t i n o l i t e 

P y r r h o t i t e - r i c h l e n s e s and patches commonly c o n t a i n 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 of e p i d o t e a v e r a g i n g 0.1-0.3 mm i n s i z e . 
Some p y r r h o t i t e - r i c h l e n s e s are r e l a t i v e l y f r e e of s i l i c a t e i n c l u s i o n s . 
Less commonly, i n c l u s i o n s are of d i o p s i d e and/or a c t i n o l i t e . 

A l a r g e amount of the rock c o n s i s t s of i n t i m a t e i n t e r g r o w t h s of 
e x t r emely f i n e g r a i n e d d i o p s i d e and patches of p y r r h o t i t e o f i r r e g u l a r 
o u t l i n e . W i t h i n d i o p s i d e are i r r e g u l a r patches o f v e r y f i n e t o f i n e 
g r a i n e d , f i b r o u s t o p r i s m a t i c a c t i n o l i t e . I t has a p a l e green c o l o r , 
which d i s t i n g u i s h e s i t from d i o p s i d e ; however, i n extremely f i n e g r a i n e d 
aggregates the two m i n e r a l s are d i f f i c u l t t o d i s t i n g u i s h . E p i d o t e forms 
s c a t t e r 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 from 0.05-0.1 mm i n average s i z e . 

Lenses and patches up t o 1 cm i n l e n g t h are r e l a t i v e l y f r e e of 
p y r r h o t i t e . These c o n s i s t of e x t remely f i n e g r a i n e d aggregates of 
d i o p s i d e , w i t h s c a t t e r e d c o a r s e r g r a i n e d c l u s t e r s or s i n g l e g r a i n s of 
a c t i n o l i t e , and s c a t t e r e d g r a i n s or aggregates o f a v e r y few g r a i n s of 
e p i d o t e of s i m i l a r g r a i n s i z e to a c t i n o l i t e . 

The rock Is cut by b r a i d e d v e i n s and v e i n l e t s of medium t o dark 
reddish-brown hematite. 

* Note: P y r r h o t i t e i n c l u d e s moderately abundant c h a l c o p y r i t e , not d i s 
t i n g u i s h a b l e from p y r r h o t i t e i n t h i n s e c t i o n . 
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