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Summary 

1) A n d e s i t e p o r p h y r y : RB83101, RB83102. 

These a r e s t r o n g l y p o r p h y r i t i c r o c k s o f s i m i l a r a n d e s i t i c c o m p o s i t i o n 
and a r e p r o b a b l y s u b v o l c a n i c i n t u s i v e r o c k s . P l a g i o c l a s e forms e u h e d r a l 
p h e n o c r y s t s crowded i n a f i n e g r a i n e d p l a g i o c l a s e groundmass ( m i n e r a l i z e d 
w i t h b i o t i t e ) . Hornblende p h e n o c r y s t s a l s o o c c u r and t h e s e a r e alm o s t 
c o m p l e t e l y a l t e r e d t o b i o t i t e (same b i o t i t e as t h e g r o u n d m a s s ) , c h l o r i t e 
and a c t i n o l i t e . They a r e s i m i l a r i n t e x t u r e and c o m p o s i t i o n t o samples 
8302-313,367,370 p r e v i o u s l y s u b m i t t e d . 

2) A n d e s i t i c p y r o c l a s t i c s : RB83103, RB83105. 

RB83103 i s a v o l c a n i c b r e c c i a c o n s i s t i n g o f a n d e s i t e and p l a g i o c l a s e 
fragments i n a f i n e g r a i n e d p l a g i o c l a s e m a t r i x . Moderate t o i n t e n s e 
b i o t i t e and e p i d o t e m i n e r a l i z a t i o n has o c c u r e d i n th e m a t r i x and minor 
a l t e r a t i o n has o c c u r e d i n th e f r a g m e n t s , 

RB83105 i s a l a m i n a t e d t u f f c o n s i s t i n g o f v e r y f i n e p l a g i o c l a s e and 
q u a r t z fragments 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 m a t r i x . B i o t i t e 
m i n e r a l i z a t i o n has o c c u r e d t h r o u g h o u t t h e m a t r i x b u t i s c o n c e n t r a t e d 
somewhat i n some bands, E p i d o t e m i n e r a l i z a t i o n o c c u r s i n some bands and 
t h i s g i v e s some bands t h e i r d a r k c o l o u r . L i g h t l a y e r s t e n d t o be f r e e o f 
fragments. 

3) R h y o l i t e : TL8347, TL8349. 

These a r e crumbly,vuggy,white v o l c a n i c r o c k s c o n s i s t i n g m a i n l y o f q u a r t z 
and K-spar w i t h l e s s e r p l a g i o c l a s e . 

(continued) 
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Summary (cont.) 

Quartz o c c u r s i n a system o f vuggy v e i n s s u r r o u n d i n g fragments 
o f t h e r h y o l i t e i n sample TL8347. There i s a f l o w t e x t u r e t o the 
K-spar g r a i n s i n t h i s sample. I n sample T18349 the q u a r t z o c c u r s i n 
s p h e r u l i t i c p a t c h e s , v e i n - l i k e p a t c h e s and i n vugs. The K-spar forms 
f e a t h e r y g r a i n s f o r m i n g a s p h e r u l t i c aggregate around the q u a r t z 
o r around t h e p l a g i o c l a s e . 

These r o c k s are e i t h e r (a) v i s c o u s r h y o l i t i c v o l c a n i c r o c k s w h ich 
have c o l l a p s e d i n t o t hemselves d u r i n g c o o l i n g w i t h subsequent f o r m a t i o n 
o f q u a r t z (and K-spar i n TL8349) o r (b) r o c k s w h i c h have been 
b r e c c i a t e d and c o m p l e t e l y a l t e r e d by s i l i c a and K-spar. 

I n v i e w o f the c o n t a c t r e l a t i o n s h i p s d e s c r i b e d below,the l a t t e r 
h y p o t h e s i s may be p r e f e r a b l e . The o r i g i n a l r o c k c o u l d be t h e " r h y o d a c i t e " . 

There i s a m o n t m o r i l l o n i t e - l i k e c l a y i n sample TL8347 but t h i s i s 
p r o b a b l y l a t e f o r m i n g a s s o c i a t e d w i t h l i m o n i t e . 

4) R h y o l i t i c v o l c a n i c b r e c c i a : RE83114 (RB83107A, RB83107B, RB83107F) 

RB83114 c o n s i s t s o f a n d e s i t e , p l a g i o c l a s e and some q u a r t z i t i c 
fragments i n a v e r y f i n e g r a i n e d m a t r i x c o n s i s t i n g m a i n l y o f K-spar 
and F E - T i o x i d e s . B i o t i t e i s l a c k i n g i n t h i s sample. Some of t h e 
fragments a r e h i g h l y a l t e r e d t o e p i d o t e and c h l o r i t e . F i n e e p i d o t e 
i s d i s s e m i n a t e d i n t h e groundmass and i s c o n c e n t r a t e d i n bands (due t o 
s l i g h t l y d i f f e r e n t fragment and m a t r i x c o m p o s i t i o n ? - compare sample 
RB83103) 

RB83107A,B and F a r e c o n t a c t s w i t h c h e r t y l o o k i n g m a t e r i a l (see 
b e l o w ) . The r o c k s are v o l c a n i c b r e c c i a s w i t h fragments o f a n d e s i t e , 
p l a g i o c l a s e and some q u a r t z s e t i n a f i n e g r a i n e d m a t r i x c o n s i s t i n g 
m a i n l y o f K-spar mixed w i t h v e r y f i n e b i o t i t e . E p i d o t e and c h l o r i t e 
m i n e r a l i z a t i o n i s minor,as i s F e - T i o x i d e . A p a r t from t h e a l t e r a t i o n , 
t h e s e r o c k s a r e s i m i l a r t o RB83114. 

5) Banded d a c i t e - r h y o d a c i t e : RB83107E and RB83107A-A. 

RB83107E i s a f i n e t o medium g r a i n e d g r e y and w h i t e banded r o c k ; t h e 
g r e y m a t e r i a l i s q u a r t z and the w h i t e m a t e r i a l i s p l a g i o c l a s e . There 
a r e p l a g i o c l a s e p h e n o c r y s t s i n some bands. C o n t a c t s between some bands 
are f a i r l y sharp i n some c a s e s , K-spar forms v e r y f i n e g r a i n s mixed 
w i t h s e r i c i t e and o c c u r s between t h e q u a r t z and p l a g i o c l a s e a t t h e 
i n t e r f a c e between t h e bands. The K-spar i s secondary o r a t l e a s t v e r y 
l a t e f o r m i n g . 

RB83107A-A i s a s i m i l a r r o c k b u t c o n t a i n s much more K-spar which 
o c c u r s i n a c l o s e l y spaced network o f v e i n l e t s and p a t c h e s . P a t c h e s 
o f b i o t i t e and e p i d o t e o c c u r w i t h i n t h e p l a g i o c l a s e . Quartz does not 
o c c u r i n t h e s e c t i o n , a p a r t from t r a c e s i n v e i n l e t s . 
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Summary (c o n t i n u e d ) 

6) C h e r t y - l o o k i n g r h y o l i t e c o n t a c t s . 

Betweeen the banded d a c i t e - r h y o d a c i t e and t h e r h y o l i t i c v o l c a n i c 
b r e c c i a t h e r e i s a v e r y f i n e g r a i n e d c h e r t y - l o o k i n g band which c o n s i s t s 
a l m o s t e n t i r e l y o f e x t r e m e l y f i n e g r a i n e d K-spar. F i n e q u a r t z , b i o t i t e 
and F e - T i o x i d e s o c c u r i n s m a l l v e i n l e t s and- p a t c h e s . 

C o n t a c t s on b o t h s i d e s o f t h i s band a r e s h a r p , a l t h o u g h s l i g h t l y 
s i n u o u s . A g a i n s t t h e r h y o d a c i t e t h e r e has been o f f s e t s due t o f r a c t u r i n g . 
T h i s i s d e f i n a t e l y not a c h i l l e d margin o f the banded r h y o d a c i t e 
a g a i n s t the v o l c a n i c b r e c c i a . T h e edge o f the b r e c c i a a g a i n s t t h e " c h e r t " 
i s s l i g h t l y f i n e r g r a i n e d and t h i s may r e p r e s e n t c h i l l i n g a g a i n s t t h e 
c h e r t y l o o k i n g m a t e r i a l . T h i s zone i s l e s s t h a n 2mm w ide. lf_ t h i s does 
r e p r e s e n t c h i l l i n g , t h e n t h e b r e c c i a i s l a t e r t h a n t h e c h e r t y m a t e r i a l . 
F i e l d e v i d e n c e may i n d i c a t e o t h e r w i s e . 

I t h i n k t h a t the c h e r t y l o o k i n g m a t e r i a l i s a v e r y f i n e g r a i n e d 
l a y e r ( t u f f ? ) o f t h e banded r h y o d a c i t e . S t a i n i n g o f s l a b s and t h e 
o f f c u t s i n d i c a t e t h a t K-spar m i n e r a l i s a t i o n i s i n t e n s e near the 
c o n t a c t . I n sample RB83107E t h e r e i s l i t t l e K-spar and i t o c c u r s a t 
the i n t e r f a c e s o f t h e bands. I n sample RB83107A-A the K-spar o c c u r s 
i n a network o f p a t c h e s and v e i n l e t s . T h i s sample i s a g a i n s t t h e 
c o n t a c t . I n t e n s e f e l d s p a t h i s a t i o n has a f f e c t e d t h e c h e r t y - l o o k i n g l a y e r . 
Th*ere a r e vague p a t c h e s i n t h e c h e r t y m a t e r i a l w h i ch remind me o f 
fragments i n the t u f f s and b r e c c i a s . 

T h i s i n t e n s e f e l d s p a t h i s a t i o n s u g g s e s t s t h a t much,if n o t a l l , o f t h e 
K-spar i n t h e r h y o l i t i c v o l c a n i c b r e c c i a s (RB83114) and i n the 
r h y o l i t e s (TL8347,TL8349) i s secondary i n o r i g i n . These samples do not 
c o n t a i n b i o t i t e w h i c h i s w i d e s p r e a d t h r o u g h o u t a l l t h e o t h e r r o c k s 
and w h i c h c o u l d have formed by K (and Fe) metasomatism. 

A. L. L i t t l e j o h n , M.Sc. 



RB83102 A n d e s i t e p o r p h y r y 

T h i s i s a medium t o f i n e g r a i n e d p o r p h y r i t i c r o c k dominated by 
p l a g i o c l a s e p h e n o c r y s t s i n a 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 m a t r i x . 
F i n e b i o t i t e o c c u r s t h r o u g h o u t t h e m a t r i x amd i n the p h e n o c r y s t s . 
Rounded t o i r r e g u l a r l y shaped amygdales 1 t o 3mm i n s i z e o c c u r 
w i t h i n t h e groundmass. These a r e f i l l e d m a i n l y w i t h an i n t e r g r o w t h 
o f q u a r t z , b i o t i t e and epidote;some c o n t a i n minor c h l o r i t e and p r e h n i t e 
o c c u r s i n a few. C o m p o s i t i o n i s : 

p l a g i o c l a s e p h e n o c r y s t s 40% 
"hornblende" p h e n o c r y s t s 6 - 90% a l t e r e d ( b i o t i t e , c h l o r i t e , 
amygdales 8 a c t i n o l i t e ) 
p l a g i o c l a s e groundmass 2 8 
b i o t i t e 12 
F e - T i o x i d e 2 
c h l o r i t e 2 
opaque 1 
a p a t i t e 1 
e p i d o t e minor 
sphene minor 

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 s u b h e d r a l t o e u h e d r a l and v a r y i n s i z e 
from 0.5 t o 2.5mm,averaging about 1.5mm. They a r e d u s t y w i t h f i n e 
h e m a t i t e and s m a l l d i f f u s e p a t c h e s o f b i o t i t e o c c u r i n a l l o f them. I n 
some t h e r e a r e s m a l l p a t c h e s o f c h l o r i t e and a few g r a i n s o f e p i d o t e . 

Hornblende p h e n o c r y s t s a r e s u b i d i o m o r p h i c and range i n s i z e from 
0.4 t o 1.5mm,averaging about 0.8mm. Most have been e n t i r e l y r e p l a c e d 
by a mass o f f i n e b i o t i t e w i t h t h i n a c i c u l a r g r a i n s o f a c t i n o l i t e 
w i t h i n t h e b i o t i t e . F i n e q u a r t z i s sometimes i n t e r g r o w n w i t h t h e 
b i o t i t e . C h l o r i t e i s a l s o p r e s e n t i n some;small h o r n b l e n d e s ? a r e e n t i r e l y 
r e p l a c e d by c h l o r i t e i n a few c a s e s . 

Amygdales a r e f i l l e d m a i n l y w i t h an i n t e r g r o w t h o f q u a r t z and e p i d o t e 
o r w i t h q u a r t z and b i o t i t e . The q u a r t z forms rounded t o e l o n g a t e d 
g r a i n s up t o 0,2mm i n s i z e and o c c u r s a t t h e edges. E p i d o t e forms 
rounded g r a i n s about 0.1mm i n s i z e towards t h e c o r e . I n a few p l a c e s 
t h e e p i d o t e i s dominant and forms p r i s m a t i c g r a i n s up t o 0.8mm i n s i z e . 
The b i o t i t e forms a s p h e r u l i t i c mass o f g r a i n s about 0.1mm i n s i z e . I t 
i s t h e same b i o t i t e w h i ch o c c u r s w i t h i n t h e groundmass. Where c h l o r i t e 
i s p r e s e n t i t o c c u r s w i t h t h e e p i d o t e . P r e h n i t e forms s t e l l a t e c l u s t e r s 
o f r a g g e d , b l a d e d g r a i n s about 0.1mm i n s i z e w h i ch o c c u r i n rounded 
p a t c h e s w i t h i n t h e b i o t i t e . 

P l a g i o c l a s e i n t h e groundmass froms s h a p e l e s s t o l a t h - l i k e i n t e r 
l o c k i n g g r a i n s about 0.05mm i n s i z e . E x t r e m e l y f i n e g r a i n e d b i o t i t e 
i s d i s s e m i n a t e d t h r o u g h o u t t h e groundmass. S m a l l d i f f u s e p a t c h e s 
are p r e s e n t i n p l a c e s and th e s e a r e sometimes f u l l o f c u b i c opaque 
g r a i n s ( s u l p h i d e o r o x i d e ? ) 0.02 t o 0.08mm i n s i z e . S i a a l l rounded 
p a t c h e s o f c h l o r i t e a l s o o c c u r w i t h i n t h e groundmass. 

(continued) 



RB83102 (cont.) 

E x t r e m e l y f i n e g r a i n e d F e - T i o x i d e i s a l s o d i s s e m i n a t e d t h r o u g h o u t the 
groundmass. The g r a i n s sometimes c o a l e s c e t o form s u b c u b i c p a t c h e s 
about 0.2mm i n s i z e . I n p l a c e s t h i s m a t e r i a l has formed dark sphene 
g r a i n s w i t h s u b i d i o m o r p h i c o u t l i n e . W e l l formed sphene g r a i n s about 
0.05mm i n s i z e a r e s c a t t e r e d about th e groundmass and sometimes o c c u r 
w i t h i n the a l t e r e d h o r n b l e n d e s . 

A p a t i t e forms s u b i d i o m o r p h i c g r a i n s up t o 0.3mm i n s i z e w h i c h o c c u r 
s c a t t e r e d about th e groundmass. 



RB83103 Laminated a n d e s i t e t u f f 

T h i s i s a v e r y f i n e g r a i n e d v o l c a n i c l a s t i c r o c k w i t h w e l l d e v e l o p e d 
dark and l i g h t l a y e r s 0.2 t o 2.0mm t h i c k . C o m p o s i t i o n i s : 

Quartz fragments a r e rounded t o su b a n g u l a r and v a r y i n s i z e from 
0.005 t o 0.05mm. P l a g i o c l a s e fragments a r e a n g u l a r t o l a t h - l i k e o r 
o v o i d and v a r y i n s i z e from 0.005 t o 0.2mm. O c c a s i o n a l fragments a r e 
about 0.5mm i n s i z e . The l a r g e r p l a g i o c l a s e fragments a r e c o n c e n t r a t e d 
i n some l a y e r s . Quartz fragments a r e e v e n l y d i s t r i b u t e d . The l i g h t e r 
c o l o u r e d l a y e r s a r e r e l a t i v e l y f r e e o f p l a g i o c l a s e f r a g m e n t s . 

The groundmass c o n s i s t s o f a mass o f rounded p l a g i o c l a s e g r a i n s 
i n t i m a t e l y i n t e r g r o w n w i t h b i o t i t e . G r a i n s i z e i s l e s s t h a n 0.005mm. 
The d a r k e r l a y e r s c o n t a i n more b i o t i t e . Rounded p a t c h e s up t o 0.2mm 
i n s i z e c o n s i s t o f s l i g h t l y c o a r s e r b i o t i t e w i t h o u t p l a g i o c l a s e . 
B i o t i t e a l s o o c c u r s i n s m a l l ragged p a t c h e s w i t h i n t h e p l a g i o c l a s e 
fragments. 

E p i d o t e forms e x t r e m e l y f i n e g r a i n s w h ich o c c u r i n v e r y t h i n l a y e r s 
( v e i n s ? ) a l o n g t h e b i o t i t e - p l a g i o c l a s e l a y e r s . I n t h e s e i t i s 
a s s o c i a t e d w i t h opaque g r a i n s . Most o f the opaques (m a i n l y F e - o x i d e 
from t h e hand specimen) form c u b i c t o rounded g r a i n s 0.005 t o 0.1mm i n 
s i z e w h i ch a r e d i s s e m i n a t e d e v e n l y t h r o u g h o u t t h e r o c k . Most o f t h e 
e p i d o t e o c c u r s as f i n e rounded t o s u b p r i s m a t i c g r a i n s l e s s t h a n 0.05mm 
i n s i z e w h i c h r e p l a c e p a r t s o f the p l a g i o c l a s e f r a g m e n t s . Some o f the 
fragments are c o m p l e t e l y r e p l a c e d . There i s a l s o a v e i n - l i k e p a t c h of 
e p i d o t e about 1.0mm t h i c k w h i c h c u t s a c r o s s the l a y e r i n g . 

C h l o r i t e forms ragged p a t c h e s l e s s t h a n 0.2mm i n s i z e w h i ch o c c u r 
w i t h i n t h e m a t r i x . I t r a r e l y r e p l a c e s p l a g i o c l a s e and q u a r t z fragments. 

p l a g i o c l a s e fragments 
q u a r t z fragments 
p l a g i o c l a s e 
b i o t i t e 
e p i d o t e 
opaque 
c h l o r i t e 

22% 
12 
33 
22 
8 
3 
t r a c e 



RB83105 A n d e s i t e b r e c c i a 

T h i s i s a f i n e g r a i n e d v o l c a n i c l a s t i c r o c k w h i c h i s q u i t e crowded 
w i t h s m a l l fragments o f p l a g i o c l a s e and a n d e s i t e i n a 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 - b i o t i t e m a t r i x . L a t e e p i d o t e m i n e r a l i z a t i o n 
o c c u r s i n p a t c h e s . C o m p o s i t i o n i s : 

A n d e s i t e fragments are subrounded and vay i n s i z e from 0.5 t o 2.5mm; 
most a r e l e s s t h a n 1.5mm. They c o n s i s t o f a mass o f subrounded i n t e r 
l o c k i n g g r a i n s about 0.05mm i n s i z e . A few a l s o c o n t a i n f i n e l a t h s of 
p l a g i o c l a s e . 

P l a g i o c l a s e fragments a re l a t h - l i k e , o f t e n o v o i d , a n d range i n s i z e 
from 0.05 t o 0.3mm,averaging about 0.1mm, Quartz fragments a r e rounded 
and l e s s than 0.1mm i n s i z e . 

The groundmass c o n s i s t s o f an e x t r e m l e y f i n e g r a i n e d i n t e r g r o w t h o f 
p l a g i o c l a s e and b i o t i t e w i t h g r a i n s i z e l e s s t h a n 0.005mm. B i o t i t e 
d i s t r i b u t i o n i s p a t c h y . R a g g e d , d i f f u s e p a t c h e s o f b i o t i t e o c c u r w i t h i n 
the a n d e s i t e and p l a g i o c l a s e fragments. 

Opaques (appear t o be m a i n l y F e - o x i d e ) a r e rounded and v a r y i n s i z e 
from 0.03 t o 0.3mm,averaging about 0.05mm. They are d i s s e m i n a t e d 
t h r o u g h o u t the groundmass o f the r o c k and a l s o o c c u r i n some fragments. 
I t i s o f t e n a s s o c i a t e d w i t h e p i d o t e i n pa t c h e s where t h e g r a i n s s i z e 
tends t o be l a r g e r . 

The e p i d o t e m a i n l y o c c u r s i n i r r e g u l a r l y shaped p a t c h e s up t o 10mm 
i n s i z e . I n the c o r e the e p i d o t e forms a mass o f rounded t o p r i s m a t i c 
g r a i n s about 0.1mm i n s i z e . I t i s sometimes i n t e r g r o w n w i t h q u a r t z 
and c h l o r i t e . Ragged opaque g r a i n s o c c u r i n p l a c e s . S m a l l p a t c h e s of 
e p i d o t e a l s o o c c u r i n t h e a n d e s i t e and p l a g i o c l a s e f r a g m e n t s . Around 
the c o r e o f the e p i d o t e p a t c h e s t h e e p i d o t e becomes much f i n e r g r a i n e d 
and i s i n t i m a t e l y i n t e r g r o w n w i t h t h e groundmass o f t h e r o c k . The 
margins o f the p a t c h e s a r e r a t h e r i n d i s t i n c t . I n one p a t c h , t h e r e i s 
a co r e o f a l a r g e , p a r t l y r e p l a c e d , p l a g i o c l a s e g r a i n . Some e p i d o t e 
o c c u r s i n v e i n l e t s l e s s t h a n 0.2mm t h i c k where i t i s i n t e r g r o w n w i t h 
b i o t i t e and q u a r t z . Opaques a l s o o c c u r i n t h e s e v e i n l e t s . There i s a 
v e r y t h i n v e i n l e t c o n t a i n i n g o n l y q u a r t z . 

a n d e s i t e fragments 
p l a g i o c l a s e fragments 
p l a g i o c l a s e 

16% 
20 
20 
27 
10 
4 
2 

b i o t i t e 
e p i d o t e 
opaque 
q u a r t z 
c h l o r i t e t r a c e 



RB83101 A n d e s i t e p o r p h y r y 

T h i s i s a f i n e t o medium g r a i n e d p o r p h y r i t i c r o c k dominated by 
p l a g i o c l a s e p h e n o c r y s t s i n a 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 m a t r i x . 
E x t r e m e l y f i n e g r a i n e d b i o t i t e i s d i s s e m i n a t e d t h r o u g h p u t t h e 
groundmass and has l a r g e l y r e p l a c e d hornblende p h e n o c r y s t s . S u l p h i d e s 
(mainly p y r i t e , j u d g i n g from hand specimen) a r e s c a t t e r e d t h r o u g h t h e 
groundmass and w i t h i n t h e a l t e r e d h o r n b l e n d e . M i n e r a l s a r e : 

p l a g i o c l a s e p h e n o c r y s t s 46% 
h o r n b l e n d e p h e n o c r y s t s 8 
p l a g i o c l a s e groundmass 24 
b i o t i t e groundmass 15 
F e - T i o x i d e 3 
s u l p h i d e 2 
a p a t i t e 1 
q u a r t z 1 
c h l o r i t e minor 
e p i d o t e minor 

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 e u h e d r a l and range i n s i z e from 1.0 
t o 3.0mm,averaging about 2.5mm. They a r e s l i g h t l y zoned. The 
hornblende p h e n o c r y s t s a r e i d i o m o r p h i c and range i n s i z e from 0.5 t o 
3.0mm,averaging about 1.0mm. Many have been c o m p l e t e l y a l t e r e d t o a 
mass o f v e r y f i n e g r a i n e d dark o l i v e - g r e e n b i o t i t e , s i m i l a r t o t h a t 
i n t h e groundmass. Some a r e u n a l t e r e d . A few agg r e g a t e s o f p l a g i o c l a s e 
o r h o r n b l e n d e p h e n o c r y s t s o c c u r . 

The groundmass c o n s i s t s o f an i n t e r g r o w t h o f f e a t h e r y p l a g i o c l a s e 
l a t h s and s h a p e l e s s p l a g i o c l a s e g r a i n s about 0.1mm i n s i z e . Rounded 
g r a i n s o f F e - T i o x i d e about 0.03mm i n s i z e a r e d i s s e m i n a t e d i n t h e 
groundmass. E x t r e m e l y f i n e g r a i n e d o l i v e - g r e e n b i o t i t e i s a l s o 
d i s s e m i n a t e d t h r o u g h o u t t h e groundmass and may be c o n c e n t r a t e d i n 
s m a l l d i f f u s e p a t c h e s . S m a l l p a t c h e s a l s o o c c u r w i t h i n t he p l a g i o c l a s e 
p h e n o c r y s t s . 

S u l p h i d e s form rounded t o s u b c u b i c g r a i n s 0.1 t o 0.6mm i n s i z e which 
o c c u r w i t h i n t h e groundmass o r i n t e r g r o w n w i t h the a l t e r e d h o r n b l e n d e . 
Where t h i s o c c u r s t h e horn b l e n d e has sometimes been a l t e r e d , i n p a t c h e s , 
t o c h l o r i t e and e p i d o t e . Quartz i s sometimes p r e s e n t w i t h t h e s e and 
a l s o forms i n t h i n d i s c o n t i n u o u s v e i n l e t s l e s s t h a n 0.2mm i n w i d t h 
w i t h i n t h e groundmass. S m a l l p a t c h e s o f q u a r t z o c c u r a d j a c e n t t o th e 
p l a g i o c l a s e p h e n o c r y s t s . Some o f the s u l p h i d e s have a t h i n d i s c o n t i n u o u s 
r i m o f F e - T i o x i d e p a r t i c u l a r l y where a s s o c i a t e d w i t h t he h o r n b l e n d e . 
E p i d o t e a l s o forms p r i s m a t i c g r a i n s up t o 0.3mm i n s i z e w h i c h o c c u r 
i n p a t c h e s w i t h i n t h e p l a g i o c l a s e p h e n o c r y s t s . 

A p a t i t e forms rounded t o s u b i d i o m o r p h i c g r a i n s 0.2 t o 0.6mm i n s i z e 
w h i c h a r e s c a t t e r e d about t h e groundmass. 



RB83107A Rhyolite breccia - r h y o l i t e contact 

This sample consists of r h y o l i t i c volcanic breccia i n contact with 
cherty looking,very fine grained r h y o l i t e . The r h y o l i t e forms a: band 
1 to 3cm thick within the breccia. Quartz v e i n l e t s occur i n the breccia 
and the r h y o l i t e . The matrix of the breccia and the r h y o l i t e are 
sim i l a r except that the breccia contains disseminated b i o t i t e . The 
matrix of the breccia i n contact with the r h y o l i t e at one side of the 
band i s s l i g h l t l y f i n e r grained and could have been c h i l l e d . I think 
that the r h y o l i t e i s a thin flow (tuff??) from the same magma that 
produced the breccia. The breccia was erupted on top of t h i s after 
s o l i d i f i c a t i o n and a thin c h i l l e d zone developed i n the breccia right 
at the contact. The contact i s f a i r l y sharp. The r h y o l i t e was probably 
erupted along with rhyodacite simialr to sample RB83107E. 

The r h y o l i t e consists of a mass of interlocking K-spar grains about 
0.005mm i n s i z e . Extremely f i n e grained Fe-Ti oxides are disseminated 
throughout. Thin quartz veins less than 0.05mm thick cut the r h y o l i t e . 
Some of these also contain Fe-Ti oxides. 

The breccia consists of: 

plagioclase fragments 18% 
andesite fragments 25 
dacite fragments 4 
quartzite fragments minor 
quartz fragments trace 
K-spar 33 
b i o t i t e 15 
Fe-Ti oxide 2 
opaque (mainly p y r i t e and 

pyrrhotite) 2 
quartz (in veinlets) 1 
epidote minor 
c h l o r i t e trace 

Plagioclase fragments are ovoid to subhedral and vary i n size from 
0.1 to 1.5mm; most are less than 0.8mm. They are dusty with f i n e 
hematite and some are weakly s e r i c i t i c . Diffuse patches of b i o t i t e 
occur i n a l l of them and some of the small ones are completely 
replaced by b i o t i t e . Andesite fragments are ovoid or rounded and vary 
i n size from 0.5 to 2.5mm. Most consist of an aggregate of shapeless 
interlocking plagioclase grains 0.03 to 0.1mm i n s i z e . Each fragment 
tends to be equigranular. A few consist of fine feathery plagioclase 
laths up to 0.1mm i n si z e . The dacites are similar to the coarser 
andesites except that they contain a f a i r l y high proportion of quartz 
intergrown with the plagioclase. A few rounded quartzite fragments 
consisting of shapeless interlocking quartz grains about 0.05mm in si z e . 
Size of the fragments i s about 0.4mm. Scattered subangular quartz grains 
about 0.2mm in size occur. 

(continued) 



RB83107A (co n t i n u e d ) 

The groundmass c o n s i s t s o f a mass o f f i n e K-spar g r a i n s about 0.005mm 
i n s i z e w h i c h a re i n t e r g r o w n w i t h e x t r e m e l y f i n e g r a i n e d b i o t i t e . The 
b i o t i t e t e n d s t o be c o n c e n t r a t e d i n i n d i s t i n c t p a t c h e s . E x t r e m e l y f i n e 
g r a i n e d . F e - T i o x i d e s a r e d i s s e m i n a t e d t h r o u g h o u t the m a t r i x and sometimes 
o c c u r s i n a n g u l a r p a t c h e s up t o 0.2mm i n s i z e where i t i s i n t e r g r o w n 
w i t h e p i d o t e . E p i d o t e a l s o o c c u r s w i t h the F e - T i o x i d e i n p a t c h e s i n 
the a n d e s i t e s . Ragged p a t c h e s o f c h l o r i t e l e s s t h a n 0.2mm i n s i z e a r e 
s c a t t e r e d i n t h e m a t r i x . 

Opaque g r a i n s ( p y r r h o t i t e and p y r i t e ) a r e s u b c u b i c t o rounded and 
v a r y i n s i z e from 0.1 t o 0.5mm. They o c c u r i n c l u s t e r s o f a few g r a i n s 
w i t h i n t h e m a t r i x . 

Quartz forms i n v e i n l e t s 0.05 t o 0.2mm i n w i d t h w h i c h c u t t h e m a t r i x 
and t h e frag m e n t s . F i n e F e - T i o x i d e mixed w i t h e p i d o t e o c c u r s i n some 
of them. 



RB83107A-A R h y o d a c i t e - r h y o l i t e c o n t a c t 

T h i s sample c o n s i s t s o f r h y o d a c i t e ( f e l d s p a t h i s e d d a c i t e ? ) i n 
c o n t a c t w i t h a c h e r t y l o o k i n g , v e r y f i n e g r a i n e d r h y o l i t e . The r h y o l i t e 
forms a band 1 t o 3cm t h i c k . Quartz v e i n l e t s w i t h b i o t i t e o c c u r i n 
the r h y o l i t e ; p a t c h e s o f b i o t i t e and e p i d o t e o c c u r i n t h e r h y o d a c i t e . 
The c o n t a c t i s s h a r p , a l t h o u g h s i n u o u s i n p l a c e s and has been o f f s e t 
by f r a c t u r e s i n p l a c e s . W i t h i n t he r h y o d a c i t e t h e K-spar forms a mass 
of e x t r e m e l y f i n e g r a i n s s i m i l a r t o tho s e i n t h e r h y o l i t e . These o c c u r 
i n a v e r y c l o s e l y spaced network o f v e i n l e t s and p a t c h e s w h i c h a r e 
r e p l a c i n g t he p l a g i o c l a s e . The r h y o d a c i t e . i s banded b u t the bands have 
been somewhat ob s c u r e d by l a t e r a l t e r a t i o n . I t h i n k t h a t the r h y o l i t e 
i s a f i n e g r a i n e d ( t u f f a c e o u s ? ) band o r l a y e r a s s o c i a t e d w i t h t h e 
r h y o d a c i t e . Both have been i n t e n s e l y a l t e r e d by K-s p a r . 

The r h y o l i t e c o n s i s t s a l m o s t e n t i r e l y o f a mass of f i n e rounded 
K-spar g r a i n s w i t h g r a i n s i z e l e s s t h a n 0.005mm. E x t r e m e l y f i n e g r a i n s 
o f F e - T i o x i d e s are d i s s e m i n a t e d t h r o u g h o u t . I n p l a c e s t h e s e o c c u r i n 
t h i n d i s c o n t i n u o u s v e i n l e t s . There i s a v e i n l e t a l o n g t he c o n t a c t . 
B i o t i t e o c c u r s i n v e i n l e t s up t o 0.2mm t h i c k . Some o f th e s e a l s o 
c o n t a i n f i n e q u a r t z . 

The r h y o d a c i t e c o n s i s t s o f : 

p l a g i o c l a s e p h e n o c r y s t s 6% 
p l a g i o c l a s e 40 
K-spar 33 
b i o t i t e 12 
e p i d o t e 7 
F e - T i o x i d e 1 
c h l o r i t e 1 
opaque minor 
s e r i c i t e minor 

Quartz o c c u r s e l s w h e r e i n the 
r o c k . 

P l a g i o c l a s e p h e n o c r y s t s form squat s u b i d i o m o r p h i c g r a i n s 0.3 t o 1.0mm 
i n s i z e w h i ch o c c u r i n i n d i s t i n c t bands w i t h i n a f i n e r g r a i n e d 
p l a g i o c l a s e groundmass. The p l a g i o c l a s e i n t h e groundmass forms 
subrounded t o s h a p e l e s s i n t e r l o c k i n g g r a i n s 0.05 t o 0.2mm i n s i z e . There 
are d i f f u s e bands i n which t h e g r a i n s i z e i n more o r l e s s e q u i g r a n u l a r . 
I n some bands the g r a i n s a r e s u b h e d r a l . V e r y f i n e g r a i n e d s e r i c i t e i s 
d i s s e m i n a t e d betweeen t h e p l a g i o c l a s e g r a i n s t h r o u g h o u t t h e r o c k . 

B i o t i t e forms f i n e f l a k e s l e s s t h a n 0.01mm i n s i z e w h i c h o c c u r i n 
i r r e g u l a r l y s h a p e d , i n d i s t i n c t p a t c h e s l e s s t h a n 0.5mm i n s i z e o c c u r i n g 
t h r o u g h o u t the r o c k . There a r e a l s o c o n c e n t r a t i o n s o f b i o t i t e i n 
p a r t l y i n t e r c o n n e c t e d p a t c h e s up t o 2mm i n s i z e w h i c h r e p l a c e t h e 
p l a g i o c l a s e . I n some o f t h e s e t h e b i o t i t e i s i n t e r g r o w n w i t h f i n e 
e p i d o t e and F e - T i o x i d e s . Some p a t c h e s c o n s i s t a l m o s t e n t i r e l y o f e p i d o t e 
f o r m i n g rounded t o s u b p r i s m a t i c g r a i n s 0.05 t o 0.2mm i n s i z e . Ragged 
s h a p e l e s s opaque g r a i n s about 0.1mm i n s i z e a r e i n t e r g r o w n w i t h the 
e p i d o t e . 

C h l o r i t e forms ragged p a t c h e s o f v e r y f i n e g r a i n s l e s s than 0.2mm i n 
s i z e w h i ch o c c u r w i t h i n t h e p l a g i o c l a s e o f th e groundmass. 

(continued) 



RB83107A-A (continued) 

The K-spar forms e x t r e m e l y f i n e g r a i n s l e s s t h a n 0.005mm i n s i z e 
w h i c h o c c u r i n a c l o s e l y spaced network of v e i n l e t s and p a t c h e s 
w i t h i n t h e p l a g i o c l a s e . S t a i n i n g o f s l a b s i n d i c a t e t h a t remnant 
p l a g i o c l a s e o c c u r s i n p a t c h e s . T h i s K-spar appears s i m i l a r t o t h a t i n 
t h e r h y o l i t e . 



RB83j07B R h y o l i t e b r e c c i a 

T h i s i s a f i n e g r a i n e d v o l c a n i c l a s t i c r o c k c o n s i s t i n g o f p l a g i o c l a s e 
and a n d e s i t e fragments o f v a r i a b l e s i z e up t o 3mm s e t i n a v e r y f i n e 
g r a i n e d K-spar m a t r i x mixed w i t h f i n e b i o t i t e . C o m p o s i t i o n i s : 

P l a g i o c l a s e fragments v a r y i n shape from s q u a t , s u b i d i o m o r p h i c l a t h s 
t o rounded o r o v o i d g r a i n s ; s i z e v a r i e s from 0.2 t o 2.5mm. The a n d e s i t e 
fragments are up t o 3.0mm i n s i z e and are g e n e r a l l y o v o i d i n shape. A 
v a r i e t y o f t y p e s a r e p r e s e n t . The commonest,and u s u a l l y s m a l l e r , 
c o n s i s t o f a mass o f f i n e f e a t h e r y l a t h s l e s s than 0.1mm i n s i z e . 
L a r g e r fragments c o n s i s t o f s h a p e l e s s i n t e r l o c k i n g g r a i n s about 0.. 1mm 
i n s i z e . A few fragments c o n s i s t o f s u b h e d r a l l a t h s about 0.1mm i n s i z e 
w h i c h are i n t e r g r o w n w i t h s h a p e l e s s g r a i n s o f p l a g i o c l a s e w i t h minor 
q u a r t z . Both the s h a p e l e s s a g g r e g a t e s and f e a t h e r y l a t h s c o n t a i n 
p l a g i o c l a s e p h e n o c r y s t s up t o 0.4mm i n s i z e . A few o f the p l a g i o c l a s e 
g r a i n s c o n t a i n t h i n i n c l u s i o n s o f a p a t i t e . 

The m a t r i x c o n s i s t s o f e x t r e m e l y f i n e rounded g r a i n s o f K-spar l e s s 
t h a n 0.002mm i n s i z e . I t i s i n t e r g r o w n w i t h f i n e b i o t i t e o f about the 
same s i z e . D i s t r i b u t i o n o f the b i o t i t e i s p a t c h y . B i o t i t e a l s o o c c u r s 
i n a l l t h e fragments and some have been c o m p l e t e l y r e p l a c e d by b i o t i t e . 
The q u a r t z - b e a r i n g a n d e s i t e s are p a r t i c u l a r l y s u s c e p t i b l e t o b i o t i t e 
a l t e r a t i o n . E x t r e m e l y f i n e g r a i n e d F e - T i o x i d e i s d i s s e m i n a t e d 
t h r o u g h o u t t h e groundmass and a l s o i n a l l t h e f r a g m e n t s . I t i s sometimes 
c o n c e n t r a t e d i n the fragments where i t may be i n t e r g r o w n w i t h v e r y f i n e 
g r a i n e d e p i d o t e . E p i d o t e a l s o o c c u r s i n s m a l l p a t c h e s w i t h i n t h e 
p l a g i o c l a s e f r a g m e n t s . 

Opaque g r a i n s (mainly p y r i t e j u d g i n g from th e hand specimen) a r e 
c u b i c and up t o 0.4mm i n s i z e . They may c o n t a i n i n c l u s i o n s o f the 
m a t r i x . There are a few v e i n - l i k e p a t c h e s o f p y r i t e . Some o f the g r a i n s 
are p a r t l y a l t e r e d t o g o e t h i t e . They u s u a l l y o c c u r w i t h i n the m a t r i x 
but some are p a r t l y w i t h i n t h e f r a g m e n t s . I n p l a c e s t h e r e i s a t h i n 
p a r t i a l r i m o f c h l o r i t e around the p y r i t e . S m a l l ragged p a t c h e s 
o c c a s i o n a l l y o c c u r i n t h e m a t r i x . 

p l a g i o c l a s e fragments 
a n d e s i t e ; fragments 
q u a r t z i t e fragments 
K-spar 
b i o t i t e 
opaque 
F e - T i o x i d e 
e p i d o t e 
c h l o r i t e 

30% 
18 
2 

29 
18 

minor 

3 - m a i n l y p y r i t e 
1 
1 



RB8307E (? Flow)banded d a c i t e ( r h y o d a c i t e ? ) 

T h i s i s a f i n e g r a i n e d v o l c a n i c r o c k , w h i t e i n c o l o u r w i t h r a t h e r 
i n d i s t i n c t bands from 2 t o 20mm t h i c k of g r e y i s h m a t e r i a l . The w h i t e 
bands a r e d o m i n a n t l y p l a g i o c l a s e ; t h e gr e y bands a r e d o m i n a n t l y 
q u a r t z and m i x t u r e s o c c u r i n some bands. S e r i c i t i c K-spar o c c u r s 
between t h e q u a r t z and p l a g i o c l a s e i n some o f t h e t h i n n e r bands. 
C o m p o s i t i o n i s : 

p l a g i o c l a s e 50% 
p l a g i o c l a s e p h e n o c r y s t s 6 
q u a r t z 35 
K-spar 6 
s e r i c i t e 3 
r u t i l e minor 
opaque (hematite) minor 
a p a t i t e t r a c e 
z i r c o n t r a c e 

P l a g i o c l a s e p h e n o c r y s t s a r e s u b h e d r a l and range i n s i z e from 0.3mm 
t o 1.5mm,averaging about 0.8mm. They sometimes o c c u r i n c l u s t e r s . They 
o c c u r m o s t l y i n the q u a r t z - f r e e bands. 

P l a g i o c l a s e forms subrounded t o l a t h - l i k e g r a i n s 0.04 t o 0.1mm i n 
s i z e . Quartz forms subrounded t o s h a p e l e s s g r a i n s 0.05 t o 0.2mm i n 
s i z e . The q u a r t z and p l a g i o c l a s e a r e i n t i m a t e l y i n t e r g r o w n where t h e y 
o c c u r t o g e t h e r . G r a i n s i n i n d i v i d u a l bands t e n d t o be t h e same s i z e 
and t h e c o a r s e r g r a i n s o c c u r i n t h e t h i c k e r bands. 

K-spar froms e x t r e m e l y f i n e g r a i n s which o c c u r i n i n t e r g r a n u l a r 
p a t c h e s between the q u a r t z and p l a g i o c l a s e . I t i s u s u a l l y s e r i c i t i c . 
F i n e s e r i c i t e i s d i s s e m i n a t e d between the q u a r t z and p l a g i o c l a s e 
g r a i n s t h r o u g h o u t . I t sometimes forms c l u s t e r s o f f l a k e s up t o 0.1mm 
i n s i z e . 

R u t i l e forms a c i c u l a r t o p r i s m a t i c g r a i n s l e s s t h a n 0.05mm i n s i z e 
w h i c h o c c u r i n c l u s t e r s w i t h i n t h e p l a g i o c l a s e g r a i n s . I t i s sometimes 
a s s o c i a t e d w i t h ragged,rounded opaque g r a i n s (hematite?) which a l s o 
o c c u r i n c l u s t e r s w i t h i n and between p l a g i o c l a s e and q u a r t z g r a i n s . 
I n some c l u s t e r s t h e two m i n e r a l s a r e i n t i m a t e l y i n t e r g r o w n and form 
a F e - T i o x i d e . 

A few z i r c o n g r a i n s a r e s c a t t e r e d between t h e q u a r t z and p l a g i o c l a s e . 
These a r e rounded and about 0.05mm i n s i z e . A c i c u l a r a p a t i t e g r a i n s 
about 0.05mm i n l e n g t h o c c u r w i t h i n t he p l a g i o c l a s e . 



RB8 3/07F R h y o l i t e b r e c c i a - r h y o l i t e c o n t a c t 

T h i s sample c o n s i s t s o f r h y o l i t i c v o l c a n i c b r e c c i a i n c o n t a c t w i t h 
a s m a l l p i e c e o f e x t r e m e l y f i n e g r a i n e d r h y o l i t e ( c h e r t i n your n o t e s ) . 
B i o t i t e m i n e r a l i z a t i o n , a s s o c i a t e d w i t h t h i n q u a r t z v e i n s a f f e c t s b o t h 
t h e b r e c c i a and t h e r h y o l i t e , b u t i n d i f f e r e n t s t y l e s . There i s no 
c h i l l i n g e f f e c t o b s e r v a b l e i n . t h e b r e c c i a i n t h i s sample (compare 
RB83307A). I n th e b r e c c i a the b i o t i t e i s d i s s e m i n a t e d w i t h i n t h e f i n e 
g r a i n e d f e l d s p a t h i c groundmass. The r h y o l i t e i t s e l f i s s i m i l a r t o the 
groundmass o f th e b r e c c i a w i t h o u t t h e b i o t i t e . V e i n l e t s of b i o t i t e , 
a s s o c i a t e d w i t h q u a r t z and F e - T i o x i d e and t r a c e s o f p y r i t e c u t the 
r h y o l i t e . S i m i l a r v e i n l e t s o c c u r i n t h e b r e c c i a as w e l l . Near t h e 
c o n t a c t t h e r e i s a l s o minor d i s s e m i n a t e d b i o t i t e i n t h e r h y o l i t e . 

The r h y o l i t e c o n s i s t s a l m o s t e n t i r e l y o f a mass o f v e r y f i n e g r a i n e d 
K-spar g r a i n s l e s s than 0.005mm i n s i z e . I n p l a c e s t h e r e a r e vague 
o u t l i n e s o f l a t h - l i k e g r a i n s about t h e same s i z e . Quartz and b i o t i t e 
o c c u r i n d i s c o n t i n u o u s v e i n l e t s l e s s than 0.05mm t h i c k . Quartz v e i n l e t s 
a r e s l i g h l t y t h i c k e r . There i s a dark v e i n l e t s about 0.2mm t h i c k w h i ch 
i s p a r a l l e l t o th e c o n t a c t and l i e s 1 - 2mm from i t . T h i s c o n s i s t s o f 
ex t r e m e l y f i n e g r a i n e d F e - T i o x i d e mixed w i t h f i n e b i o t i t e . C o n t a c t s 
a r e n o t sharp and th e K-spar has coarsened s l i g h l t y on e i t h e r s i d e o f 
the v e i n . B i o t i t e i s d i s s e m i n a t e d i n t h e r h y o l i t e between t h i s v e i n and 
the b r e c c i a . The c o n t a c t i s marked by an i n c r e a s e i n b i o t i t e where 
fragments are n o t p r e s e n t i n t h e b r e c c i a . The c o n t a c t i t s e l f i s somewhat 
s i n u o u s . A p l a g i o c l a s e fragment p e n e t r a t e s p a r t way i n t o t he r h y o l i t e . 

The b r e c c i a c o n s i s t s o f : 

p l a g i o c l a s e fragments 35% 
a n d e s i t e fragments 15 
q u a r t z i t e fragments 5 
q u a r t z fragments minor 
K-spar 26 
b i o t i t e 16 
opaque 2 
F e - T i o x i d e 1 
c h l o r i t e minor 
e p i d o t e minor 
q u a r t z ( i n v e i n s ) minor 

P l a g i o c l a s e fragments a r e o v o i d o r squat s u b i d i o m r p h i c i n shape and 
range i n s i z e from 0.2 t o 2.0mm. They are d u s t y w i t h f i n e h e m a t i t e . 
S m a l l d i f f u s e p a t c h e s and s t r i g e r s o f b i o t i t e o c c u r w i t h i n them and 
some o f th e s m a l l e r ones have been almost c o m p l e t e l y r e p l a c e d by 
b i o t i t e . A few have p a t c h e s of K-spar a l t e r a t i o n . A n d e s i t e fragments 
are rounded and v a r y i n s i z e from 0.5 t o 2.0mm. Most c o n s i s t o f a mass 
of f i n e f e a t h e r y p l a g i o c l a s e l a t h s up t o 0.1mm i n s i z e , o f t e n w i t h 
p a r a l l e l o r i e n t a t i o n . Some c o n t a i n p h e n o c r y s t s o f p l a g i o c l a s e . There 
a r e a few wh i c h c o n s i s t o f subrounded i n t e r l o c k i b g p l a g i o c l a s e g r a i n s 
baout 0.1mm i n s i z e . Q u a r t z i t e fragments a r e rounded t o a n g u l a r and 
v a r y i n s i z e from 0.2 t o 0.6mm. They c o n s i s t o f s h a p e l e s s i n t e r l o c k i n g 
q u a r t z g r a i n s 0.01 t o 0.05mm i n s i z e . One q u a r t z i t e fragment about 1.5mm 
i n s i z e has been p a r t l y r e p l a c e d by b i o t i t e , o c c u r i n g between t h e q u a r t z 
g r a i n s . A few rounded q u a r t z fragments up t o 0.2mm i n s i z e o c c u r . 

(continued) 



RB8307F (co n t i n u e d ) 

The groundmass of the b r e c c i a c o n s i s t s o f a mass o f rounded K-spar 
g r a i n s about 0.005mm i n s i z e . I t i s mixed w i t h s i m i l a r l y s i z e d b i o t i t e 
g r a i n s . The b i o t i t e i s o f t e n c o n c e n t r a t e d i n s m a l l i n d i s t i n c t p a t c h e s . 
E x t r e m e l y f i n e g r a i n e d F e - T i o x i d e s a r e d i s s e m i n a t e d t h r o u g h o u t the 
groundmass and a l s o o c c u r i n some fragments. Ragged p a t c h e s up t o 0.3mm 
i n s i z e c o n s i s t o f a mass o f f i n e c h l o r i t e g r a i n s . A few o f t h e s e a l s o 
o c c u r i n t h e fr a g m e n t s . T r a c e s o f e p i d o t e , f o r m i n g rounded g r a i n s l e s s 
t h a n 0.1mm i n s i z e a r e s c a t t e r e d about the groundmass. 

Opaque g r a i n s (mainly p y r i t e ) are s u b c u b i c and up t o 0.4mm i n s i z e . 
They o c c u r w i t h i n t h e m a t r i x . Many have been p a r t l y a l t e r e d t o g o e t h i t e . 

Quartz o c c u r s i n t h i n v e i n l e t s up t o 0.2mm wide w h i c h c u t t h e m a t r i x 
and the fragm e n t s . 



RB83114 (? Flow^banded r h y o l i t i c b r e c c i a 

T h i s i s a v o l c a n i c l a j B t i c ^ r o c k c o n s i s t i n g o f an e x t r e m e l y f i n e g r a i n e d 
K-spar r i c h m a t r i x crowcfecl * w i t h a n g u l a r t o rounded fragments o f 
a n d e s i t e and p l a g i o c l a s e w i t h some q u a r t z . E p i d o t e a l t e r a t i o n has 
a f f e c t e d many o f t h e frag m e n t s . I t i s a g r e e n i s h c o l o u r and d i f f e r e n t 
shades o f green a r e e v i d e n t i n bands 2 t o 20mm t h i c k i n t h e hand 
specimen. C o m p o s i t i o n i s : 

a n d e s i t e fragments 40% 
p l a g i o c l a s e fragments 15 
a l t e r e d fragments 8 
q u a r t z fragments 2 
q u a r t z i t e fragments minor 
K-spar _2CL 
F e - T i o x i d e 10 
e p i d o t e 4 
opaque 1 
sphene t r a c e 
c a l c i t e t r a c e 

A 

A n d e s i t e fragments a r e rounded t o su b a n g u a l r and a r e v e r y v a r i a b l e i n 
s i z e , r a n g i n g from 0.3mm t o 6.0mm,averaging about 1.5mm. A v a r i e t y o f 
t e x t u r a l t y p e s a r e p r e s e n t . The commonest,forming most o f the f i n e r 
f r a g m e n t s , c o n s i s t s o f a mass o f f i n e f e a t h e r y l a t h s about 0.1mm i n s i z e . 
V e r y f i n e g r a i n e d fragments c o n s i s t o f a mass of i n t e r l o c k i n g s h a p e l e s s 
p l a g i o c l a s e g r a i n s l e s s t h a n 0.05mm i n s i z e . Some o f t h e s e c o n t a i n 
f i n e l a t h s o f p l a g i o c l a s e , a n d t h e r e appears t o be a g r a d a t i o n between 
t h e s e two t y p e s . Many fragments c o n s i s t o f a mass o f s h a p e l e s s 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 about 0.1mm i n s i z e . Some o f t h e fragments 
(of a l l t y p e s ) are p o r p h y r i t i c , b u t most o f th e s e have been c o m p l e t e l y 
a l t e r e d . Many o f t h e a n d e s i t e and some o f t h e l a r g e r p l a g i o c l a s e 
fragments a r e c o m p l e t e l y a l t e r e d t o e p i d o t e and c h l o r i t e . The e p i d o t e 
forms p r i s m a t i c g r a i n s up t o 0.2mm i n s i z e . C h l o r i t e o c c u r s between the 
e p i d o t e g r a i n s . Some c o n t a i n q u a r t z i n t e r g r o w n w i t h t h e e p i d o t e . A few 
fragments a r e c o m p l e t e l y a l t e r e d t o c h l o r i t e . S i n g l e g r a i n s o r s m a l l 
c l u s t e r s a r e common i n most o f t h e l a r g e r f r a g m e n t s . 

P l a g i o c l a s e fragments a r e o v o i d i n shape and g e n e r a l l y l e s s t h a n 1.0mm 
i n size;many a r e l e s s t h a n 0.1mm. Quartz fragments a r e rounded o r 
a n g u l a r and v a r y i n s i z e from 0.05 t o 0.5;most o f t h e l a r g e r ones a r e 
a n g u l a r . There a r e a l s o a few rounded q u a r t z i t e fragments c o n s i s t i n g 
o f s h a p e l e s s i n t e r l o c k i n g q u a r t z g r a i n s about 0.1mm i n s i z e . 

The m a t r i x c o n s i s t s o f e x t r e m e l y f i n e g r a i n e d K-spar l e s s t h a n 0.005mm 
i n s i z e w h i ch i s mixed w i t h F e - T i o x i d e o f about t h e same s i z e . E p i d o t e 
g r a i n s a b o u t 0.01mm i n s i z e a r e mixed w i t h p a t c h e s o f the F e - T i o x i d e 
and a few s u b i d i o m o r p h i c sphene g r a i n s about 0.1mm i n s i z e a r e s c a t t e r e d 
t h r o u g h t h e r o c k . T r a c e s o f v e r y f i n e c a l c i t e o c c u r mixed w i t h t he 
F e - T i o x i d e around some o f t h e fragme n t s . The F e - T i o x i d e i s a l s o weakly 
d i s s e m i n a t e d w i t h i n t h e f r a g m e n t s . Opaque g r a i n s ( p r o b a b l y F e - o x i d e ) 
are c u b i c and up t o 0.05mm i n s i z e . They a r e s c a t t e r e d w i t h i n the m a t r i x . 



TL8347 Rhyolite 

This i s a massive,vuggy,white volcanic rock consisting mainly of 
K-spar and quartz with lesser, amounts of plagioclase. The vugs are 
line d with subidiomorphic quartz grains and are associated with a 
network of veins and patches which i s f u l l of angular to subrounded 
fragments of the r h y o l i t e 0.5 to 5.0mm in s i z e . This occurs i n a 
zone about 5cm wide which appears to be a breccia zone. I t may have 
formed by autobrecciation during consolidation of the viscous 
r h y o l i t e lava. Composition i s : 

K-spar 50% 
quartz 40 
plagioclase 5 
s e r i c i t e 1 (includes some muscovite) 
opaque 2 (hematite and limonite) 
Fe-Ti oxide 1 
clay 1 (montmorillonite??) 

The less q u a r t z i t i c parts of the rock consists of a mass of fine 
feathery K-spar grains 0.01 to 0.05mm i n size which are intergrown 
with more shapeless grains of K-spar and some plagioclase. Quartz 
forms shapeless grains less than 0.1mm ins i z e which occur i n small 
aggregates and thin v e i n - l i k e patches. The K-spar and the quartz'veins 1 

have a flow texture. PLagioclase forms subidioftorphic laths 0.2 to 1.5mm 
in size scattered within the f i n e r grained K-spar and quartz. 

Extremely fine grained s e r i c i t e i s disseminated throughout the rock, 
including the plagioclase grains. Fine grained Fe-Ti oxide grains 
about 0.01mm in size are also disseminated throughout the rock. In places 
the s e r i c i t e coarsens to muscovite flakes which may be up to 0.5mm i n 
si z e . Possibly these are altered plagioclase? Hematite forms ragged 
rounded grains about 0.1mm i n size which occur in small clusters 
scattered about the rock. Patches and stringers of limonite occur around 
these. 

Within the breccia zone the quartz forms interlocking subrounded 
grains o.02 to 0.1mm i n s i z e . More idiomorphic grains l i n e the vugs. 
Fine s e r i c i t e i s disseminated between the quartz grains. In places 
there are small patches of a brownish clay (montmorillonite?) which 
i s intergrown with the quartz. Sp h e r u l i t i c patches up to 0.3mm i n size 
occur within the r h y o l i t e . The rh y o l i t e fragments are highly hematiised 
within the q u a r t z i t i c breccia zone and limonite staining i s quite 
intense. 



TL8349 R h y o l i t e 

T h i s i s a massive,vuggy w h i t e c o l o u r e d v o l c a n i c r o c k c o n s i s t i n g 
a l m o s t e n t i r e l y o f q u a r t z , K - s p a r and p l a g i o c l a s e . S p h e r u l i t c s t r u c t u r e s 
o f q u a r t z and K - s p a r , a l o n g w i t h v e i n ~ l i k e p a t c h e s o f q u a r t z , o c c u r 
w i t h i n a f i n e g r a i n e d i n t e r g r o w t h o f p l a g i o c l a s e and K-spar. Vugs a r e 
l i n e d w i t h q u a r t z c r y s t a l s . P l a g i o c l a s e p h e n o c r y s t s o c c u r w i t h i n t he 
f i n e g r a i n e d m a t e r i a l . I don't t h i n k t h a t t h i s r o c k has been a l t e r e d 
and b r e c c i a t e d ; t h e f a b r i c i s a r e s u l t o f c o o l i n g o f a h i g h l y v i s c o u s 
r h y o l i t i c l a v a (analogous t o ropey l a v a o f H a w a i i ) . C o m p o s i t i o n i s : 

q u a r t z 35% 
K-spar 50 
p l a g i o c l a s e 15 
s e r i c i t e minor 
F e - T i o x i d e minor 

Quartz forms subrounded t o s h a p e l e s s i n t e r l o c k i n g g r a i n s 0.05 t o 
0.2mm i n s i z e w h i ch o c c u r i n s p h e r u l i t i c a g g r e g a t e s 0.2 t o 3.0mm i n 
s i z e . L a r g e r g r a i n s , s o m e t i m e s i d i o m o r p h i c , o c c u r i n l a r g e r vuggy p a t c h e s . 
Quartz a l s o o c c u r s i n a network o f v e i n - l i k e p a t c h e s . 

The q u a r t z a g g r e g a t e s are surrounded by s p h e r u l i t i c s p l a y s o f t h i n 
f e a t h e r y K-spar g r a i n s up t o 1.0mm i n l e n g t h . Some o f t h e s e s p l a y s 
have a c o r e c o n s i s t i n g o f a e u h e d r a l p l a g i o c l a s e g r a i n , P l a g i o c l a s e 
l a t h s 0.3 t o 0.8mm i n s i z e o c c u r e l s w h e r e a l s o . S m a l l e r s p h e r u l i t i c 
p a t c h e s o f K-spar o c c u r by themselves w i t h i n a f i n e g r a i n e d m i x t u r e 
of s h a p e l e s s K-spar and p l a g i o c l a s e w i t h g r a i n s s i z e less-, t h a n 0.1mm. 
D i s t r i b u t i o n o f p l a g i o c l a s e i s p a t c h y w i t h i n t h e K-spar. I n p l a c e s 
t h e r e a r e t h i n l a t h - l i k e g r a i n s o f K-spar which have a f l o w t e x t u r e 
around t h e q u a r t z and K-spar s p h e r u l e s . 

E x t r e m e l y f i n e g r a i n e d a c i c u l a r g r a i n s o f T i - o x i d e ? a r e crowded 
w i t h i n t h e q u a r t z g r a i n s . Rounded g r a i n s o f F e - T i o x i d e a r e d i s s e m i n a t e d 
t h r o u g h o u t t h e r o c k . These a r e l e s s than 0.03mm i n s i z e . 

S e r i c i t e forms f l a k e s l e s s t h a n 0.01mm i n s i z e w h i c h a r e d i s s e m i n a t e d 
t h r o u g h o u t t h e r o c k and sometimes form a g g r e g a t e s a t th e c o r e s o f the 
q u a r t z s p h e r u l e s . 


