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Summary: 

The rocks are from an i n t e r m e d i a t e to f e l s i c v o l c a n i c 
environment, i n which the magma shows s t r o n g f r a c t i o n a t i o n between 
ph e n o c r y s t s and groundmass. Phenocrysts are of p l a g i o c l a s e , 
hornblende, and K - f e l d s p a r , with minor ones of sphene and a p a t i t e . 
The groundmass i s dominated by K - f e l d s p a r . Moderate a l t e r a t i o n and 
replacement has produced patches dominated by one or more of q u a r t z , 
p y r r h o t i t e , p y r i t e , c a l c i t e / a n k e r i t e , t r e m o l i t e , and c h l o r i t e . 

RSH-ROD-1 l a t i t e l a p i l l i t u f f : many d i f f e r e n t types of fragments 
from 2-15 mm i n s i z e : l a t i t e , a n d e s i t e , d i o r i t e , and a 
v a r i e t y of a l t e r a t i o n t y p e s , p h e n o c r y s t s of K - f e l d s p a r 
and minor a p a t i t e and sphene ( p l a g i o c l a s e phenocrysts i n 
some fragments) 

RSH-ROD-2 p o r p h y r i t i c a l k a l i l a t i t e , with phenocrysts of 
p l a g i o c l a s e , hornblende, K - f e l d s p a r , and minor a p a t i t e i n 
a groundmass dominated by K - f e l d s p a r with minor 
p l a g i o c l a s e and q u a r t z ; patches of p y r r h o t i t e ( a l t e r e d to 
hematite) and of p y r i t e ; v e i n l e t s of c a l c i t e - q u a r t z . 
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RSH-ROD-1 L a t i t e L a p i l l i T u f f 

The rock c o n t a i n s fragments a v e r a g i n g 2-15 mm i n s i z e of a wide 
v a r i e t y of a n d e s i t e s and l a t i t e s , as w e l l as patches of secondary 
replacement i n a sparse to moderately abundant K - f e l d s p a r - r i c h 
groundmass as i n RSH-ROD-2. The abundance of d i f f e r e n t fragment 
types c o u l d not be e s t i m a t e d a c c u r a t e l y . Because of the 
inhomogeneous composition of the r o c k , t h i s i s not as s i g n i f i c a n t as 
the f a c t t h a t they are p r e s e n t . 

p h e n o c r y s t s 
K - f e l d s p a r 2- 3% 
a p a t i t e 0.5 
sphene 0.3 

fragments 60-65 
replacement patches 15-17 
groundmass 
K - f e l d s p a r 15-17 
p l a g i o c l a s e 1- 2 
quartz-opaque 1- 2 
c h l o r i t e 0.5 
sphene 0.2 
carbo n a t e 0 .3 
T i - o x i d e 0.1 

K - f e l d s p a r forms a few e l o n g a t e p r i s m a t i c phenocrysts up to 3.5 
mm i n l e n g t h . A p a t 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 subhedral p r i s m a t i c 
g r a i n s up to 0.6 mm i n l e n g t h . Sphene forms a few subhedral g r a i n s 
from 0.3-0.9 mm i n s i z e ; some c o n t a i n t i n y i l m e n i t e i n c l u s i o n s , i n 
p a r t c o n c e n t r a t e d near borders of g r a i n s . 

S e v e r a l fragments up t o 5 mm a c r o s s c o n t a i n s K - f e l d s p a r 
p h e n o c r y s t s up to 3 mm long and minor a l t e r e d hornblende phenocrysts 
up t o 1.2 mm long i n a groundmass dominated by s u b p a r a l l e l , l a t h y 
p l a g i o c l a s e g r a i n s a v e r a g i n g 0.1 mm i n l e n g t h , with l e s s e r 
i n t e r s t i t i a l , f i n e r g r a i n e d p l a g i o c l a s e and i r r e g u l a r replacement 
patches of c a l c i t e / a n k e r i t e . Hornblende i s a l t e r e d to 
c h l o r i t e - c a l c i t e - ( o p a q u e ) . Some of the carbonate patches i n the 
groundmass pr o b a b l y are secondary a f t e r o r i g i n a l hornblende. A p a t i t e 
forms s e v e r a l subhedral phenocrysts up to 0.5 mm i n s i z e . Sphene 
forms a few a n h e d r a l , d i s s e m i n a t e d g r a i n s up to 0.2 mm i n s i z e . 

One fragment 1.8 mm a c r o s s c o n s i s t s of anhedral K - f e l d s p a r g r a i n s 
a v e r a g i n g 0.2-0.8 mm i n s i z e surrounded by very f i n e g r a i n e d , 
i n t e r l o c k i n g aggregates of K - f e l d s p a r , which may have formed by 
g r a n u l a t i o n and p a r t i a l r e c r y s t a l l i z a t i o n of the c o a r s e r g r a i n s . 

One fragment up to 2 mm a c r o s s of f i n e g r a i n e d d i o r i t e ( ? ) i s 
dominated by anhedral to subhedral p l a g i o c l a s e g r a i n s averaging 
0.2-0.5 mm i n s i z e , with i n t e r s t i t i a l patches of c a l c i t e , and 
replacement patches up to 1.5 mm i n s i z e of very f i n e g r a i n e d , 
s t r o n g l y i n t e r l o c k i n g opaque and q u a r t z . I t c o n t a i n s a few ragged 
patches up to 0.5 mm a c r o s s of i l m e n i t e surrounded by abundant 
extremely f i n e g r a i n e d T i - o x i d e . 

One fragment 2 mm a c r o s s c o n t a i n s abundant subhedral p l a g i o c l a s e 
g r a i n s from 0.1-0.4 mm i n s i z e and minor sphene g r a i n s up to 0.1 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 moderately 
r e p l a c e d by c a l c i t e . 

(cont i nued) 



RSH-ROD-1 (page 2) 

One fragment a few mm a c r o s s i s dominated by medium g r a i n e d , 
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 with much l e s s extremely f i n e t o very f i n e 
g r a i n e d groundmass of p l a g i o c l a s e - ( q u a r t z ) . I t c o n t a i n s abundant 
i r r e g u l a r t o s k e l e t a l i n t e r s t i t i a l patches of c a l c i t e up to 1.7 mm i n 
s i z e , and moderately abundant i n t e r s t i t i a l patches of c h l o r i t e and of 
s p h e n e - i l m e n i t e a v e r a g i n g 0.1-0.2 mm i n s i z e , w i th a few patches up to 
0.6 mm l o n g . i l m e n i t e forms abundant t i n y c o r e s surrounded by sphene. 

One pa t c h 2 mm a c r o s s i s dominated by i n t e r l o c k i n g , m v e r y f i n e 
g r a i n e d q u a r t z , K - f e l d s p a r , and opaque, with l e s s e r a c t i n o l i t e , 
c h l o r i t e , a p a t i t e , and sphene. I t pro b a b l y i s of replacement o r i g i n . 

A few patches up to 4 mm a c r o s s c o n s i s t of aggregates of s t r o n g l y 
i n t e r l o c k i n g , v e r y f i n e to f i n e g r a i n e d c h l o r i t e , c a l c i t e , and opaque, 
with l e s s e r i n t e r s t i t i a l q u a r t z . These may be secondary a f t e r m a f i c 
aggregates or may r e p r e s e n t replacement patches i n the groundmass• ' 

One patch 3.5 mm a c r o s s i s dominated by a n h e d r a l , v e r y f i n e to 
f i n e g r a i n e d c a l c i t e with abundant ragged, u n o r i e n t e d , e l o n g a t e • 
p r i s m a t i c g r a i n s of t r e m o l i t e a v e r a g i n g 0.2-0.3 mm i n l e n g t h , and 
minor i n t e r s t i t i a l q u a r t z . 

One fragment 3 mm long c o n s i s t s of s u b r a d i a t i n g aggregates of 
p r i s m a t i c t r e m o l i t e g r a i n s a v e r a g i n g 0.05-0.1 mm i n l e n g t h , with a few 
up to 0.3 mm l o n g . Extremely f i n e g r a i n e d f e l d s p a r for;ns minor to 
l o c a l l y moderately abundant i n t e r s t i t i a l p a t c h e s . One fragment 1.4 mm 
long c o n s i s t s of an aggregate of anhedral a p a t i t e g r a i n s averaging 
0.03-0.05 mm i n s i z e , with l e s s e r i n t e r s t i t i a l c a l c i t e and 
f l u o r i t e ( ? ) . 

The groundmass i s dominated by a n h e d r a l , s t r o n g l y i n t e r l o c k i n g , 
f e a t h e r y K - f e l d s p a r g r a i n s a v e r a g i n g 0.01-0.3 mm i n s i z e , with minor 
to l o c a l l y m oderately abundant p l a g i o c l a s e of s i m i l a r or s l i g h t l y 
c o a r s e r g r a i n s i z e . A n k e r i t e forms v e r y i r r e g u l a r replacement patches 
up to 5 mm i n s i z e of s k e l e t a l g r a i n s up to 3 mm i n s i z e . 

Quartz and opaque form replacement patches up t o 1 mm i n s i z e 
i n the groundmass; these c o n s i s t of g r a i n s a v e r a g i n g 0.05-0.15 mm i n 
s i z e . 

A p a t i t e forms d i s s e m i n a t e d , subhedral g r a i n s a v e r a g i n g 0.1-0.15 
mm i n s i z e . 

Sphene forms d i s s e m i n a t e d subhedral to l o c a l l y e uhedral g r a i n s up 
to 0.4 mm i n s i z e , and one e l o n g a t e g r a i n 0.9 mm l o n g . 

S u l f i d e s are dominated by p y r r h o t i t e (3-4%) with minor intergrown 
patches of c h a l c o p y r i t e a v e r a g i n g 0.03-0.05 mm i n s i z e . p y r i t e forms 
minor subhedral g r a i n s from 0.1-0.25 mm i n s i z e . Some p y r i t e g r a i n s 
c o n t a i n abundant t i n y s i l i c a t e i n c l u s i o n s . 

The rock i s cut by a few l a t e , d i s c o n t i n u o u s v e i n l e t s up to 0.2 
mm wide of ca r b o n a t e . A s s o c i a t e d with a narrow one of these i s a 
c l u s t e r of euhedral p y r i t e g r a i n s averaging 0.03-0.07 mm i n s i z e . 



RSH-ROD-2 P o r p h y r i t i c A l k a l i L a t i t e c u t by v e i n l e t s of 
C a l c i t e - Q u a r t z ; P y r r h o t i t e and P y r i t e 

The rock c o n t a i n s p h e n o c r y s t s of p l a g i o c l a s e , hornblende, and 
K - f e l d s p a r i n an extremely f i n e g r a i n e d groundmass dominated by 
K - f e l d s p a r with minor patches r i c h i n q u a r t z - ( p y r r h o t i t e ) . • The 
c o n t r a s t of phenocryst and groundmass co m p o s i t i o n i n d i c a t e s s t r o n g 
f r a c t i o n a t i o n i n the magma. B r a i d e d v e i n l e t s are of c a l c i t e - q u a r t z . 

p h e n o c r y s t s 
p l a g i o c l a s e 17-20% 
hornblende 10-12 
K - f e l d s p a r 4- 5 
a p a t i t e 0.3 

groundmass 
K - f e l d s p a r 50-55 
p l a g i o c l a s e 5- 7 
q u a r t z 2- 3 
t r e m o l i t e - c h l o r i t e - c a l c i t e patches 2- 3 
p y r r h o t i t e 0.7 
p y r i t e 0.5 
a p a t i t e 0.5 
c h a l c o p y r i t e t r a c e 

v e i n l e t s 
c a l c i t e - q u a r t z 1 

P l a g i o c l a s e forms euhedral to subhedral phenocrysts averaging 
0.2-1 mm i n s i z e , w i th a few up t o 2.5 mm a c r o s s . A l t e r a t i o n i s 
s l i g h t to dusty to e x t r e m e l y f i n e g r a i n e d s e r i c i t e , and l o c a l l y to 
patches of c h l o r i t e or c a l c i t e . A few c o n t a i n i r r e g u l a r 
replacement (?) patches of K - f e l d s p a r . Phenocrysts grade downwards i n 
s i z e to d i s s e m i n a t e d a n h e d r a l g r a i n s i n the groundmass averaging 
0.05-0.1 mm i n s i z e . 

Hornblende forms euhedral to s u b h e d r a l , p r i s m a t i c phenocrysts 
a v e r a g i n g 0.7-2 mm i n s i z e . A l t e r a t i o n i s i n p a r t to pseudomorphic 
t r e m o l i t e / a c t i n o l i t e , and more commonly to aggregates of c h l o r i t e , 
c a l c i t e , and q u a r t z i n v a r y i n g p r o p o r t i o n s , with minor T i - o x i d e and 
l o c a l l y abundant e p i d o t e . In many s t r o n g l y a l t e r e d g r a i n s , o r i g i n a l 
hornblende t e x t u r e s are vaguely t o moderately p r e s e r v e d . i n a few 
a l t e r e d g r a i n s dominated by q u a r t z , o r i g i n a l t e x t u r e s , except f o r 
c r y s t a l o u t l i n e s are d e s t r o y e d . 

K - f e l d s p a r forms e u h e d r a l , commonly p r i s m a t i c phenocrysts 
a v e r a g i n g 0.5-1.5 mm l o n g . They c o n t a i n moderately abundant dusty 
opaque i n c l u s i o n s , which along w i t h the absence of s e r i c i t e 
a l t e r a t i o n , d i s t i n g u i s h e s them from p l a g i o c l a s e . Some K - f e l d s p a r 
p h e n o c r y s t s c o n t a i n i r r e g u l a r i n c l u s i o n s of p l a g i o c l a s e , whose 
t e x t u r e s suggest t h a t these p h e n o c r y s t s were i n p a r t at l e a s t formed 
by replacement of p l a g i o c l a s e . Elsewhere, p l a g i o c l a s e and K - f e l d s p a r 
p h e n o c r y s t s are adjacent along sharp c o n t a c t s , i n d i c a t i n g t h a t both 
m i n e r a l s were formed as primary p h e n o c r y s t s . 

A p a t i t e forms a few euhedral to s u b h e d r a l , p r i s m a t i c phenocryst 
up to 0.4 mm i n l e n g t h . 

The groundmass i s dominated by an i n t e r l o c k i n g aggregate of 
K - f e l d s p a r g r a i n s a v e r a g i n g 0.01-0.03 mm i n s i z e . 

Quartz i s c o n c e n t r a t e d i n a few equant to i r r e g u l a r patches up to 
1 mm i n s i z e as anhedral 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 . A few 
l a r g e patches c o n t a i n abundant i r r e g u l a r p y r r h o t i t e g r a i n s from 
0.05-0.2 mm i n s i z e . 

(rontinued) 



RSH-ROD-2 (page 2) 

B o r d e r i n g some hornblende p h e n o c r y s t s and i n disseminated patches 
i n the groundmass a r e d i s t i n c t to ragged patches a v e r a g i n g 0.2-0.7 mm 
i n s i z e of v e r y f i n e g r a i n e d t r e m o l i t e - c h l o r i t e - c a l c i t e . 

P y r i t e forms a n h e d r a l t o s u b h e d r a l , equant g r a i n s and 
c l u s t e r s a v e r a g i n g 0.05-0.15 mm i n s i z e , with a few up to 0.8 mm 
a c r o s s . 

P y r r h o t i t e forms anhedral g r a i n s averaging 0.1-0.5 mm i n s i z e . 
Many are a l t e r e d secondary m a r c a s i t e / p y r i t e , which i n tur n i s 
a l t e r e d s t r o n g l y to opaque hematite and r e d d i s h - o r a n g i s h brown 
h e m a t i t e / 1 i m o n i t e . 

C h a l c o p y r i t e i s c o n c e n t r a t e d i n a few patches as anhedral g r a i n s 
a v e r a g i n g 0.01-0.02 mm i n s i z e d i s s e m i n a t e d i n the groundmass. 

A p a t i t e forms d i s s e m i n a t e d a n h e d r a l to e u h e d r a l , equant to 
p r i s m a t i c g r a i n s a v e r a g i n g 0.03-0.1 mm i n s i z e . These grade upwards 
to c o a r s e r g r a i n s d e s c r i b e d above. 

B r a i d e d v e i n l e t s up t o 0.2 mm wide c o n s i s t of v e r y f i n e to f i n e 
g r a i n e d c a l c i t e and q u a r t z . 


