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PROCEDURE FOR SANDSTONE MODAL A N A L Y S I Z  

1) S t u d y  a  s u i t e  o f  t h i n  s e c t i o n s .  

2 )  S e l e c t  t h i n  s e c t i o n s  t o  b e  p o i n t  c o u n t e d .  A u n i m o d a l  g r a i n  s i z e  
o f  0 . 5  m m  is  i d e a l .  - 

3 )  D e t e r m i n e  t h e  g r i d  s p a c i n g .  T h e  s k i p  d i s t a n c e  m u s t  be  g r e a t e r  
t h a n  9 5  p e r c e n t  o f  t h e  s a n d - s i z e  g r a i n s  i n  t h e  t h i n  s e c t i o n .  

4 )  D e t e r m i n e  t h e  t a b u l a t i o n  c o n v e n t i o n .  
- C a t e g o r i e s  s h o u l d  b e  m u t u a l l y  e x c l u s i v e .  
- C a t e g o r i e s  s h o u l d  b e  e x h a u s t i v e .  
- C o n v e n t i o n  s h o u l d  a l l o w  r a p i d ,  u n a m b i g u o u s  d e t e r m i n a t i o n s .  

5 )  S e t - u p  t h e  m i c r o s c o p e  ( c l e a n  a n d  c e n t e r  o b j e c t i v e s ,  e t c . )  a n d  
moun t  t h e  p o i n t  c o u n t i n g  s t a g e .  

6 )  B e  s u r e  t h a t  y o u r  m i c r o s c o p e  h a s  a  s u i t e  o f  o b j e c t i v e s  t h a t  w i l l  
a l l o w  n o r m a l  p o i n t  c o u n t i n g  a t  a  m a g n i f i c a t i o n  o f  b e t w e e n  200X 
a n d  400X. I u s e  312 .5X a s  my ma in  m a g n i f i c a t i o n ,  b u t  I c h a n g e  
o b j e c t i v e s  r e g u l a r l y  t o  b o t h  h i g h e r  a n d  l o w e r  p o w e r s .  

The  t h i n  s e c t i o n s  a r e  p o i n t  c o u n t e d  u s i n g  t h e  c e l l  c o n c e p t ;  e a c h  
t h i n  s e c t i o n  is s u b d i v i d e d  i n t o  4 i m a g i n a r y  c e l l s ,  I u s e  4 
s k i n n y  c e l l s  p a r a l l e l  t o  t h e  l o n g  d i m e n s i o n  o f  t h e  t h i n  
s e c t i o n .  One h u n d r e d  d e t r i t a l  s a n d  g r a i n s  are  c o u n t e d  f r o m  c e l l  
1 o n  e a c h  o f  t h e  s e l e c t e d  t h i n  s e c t i o n s ,  t h e n  t h e  p r o c e s s  is 
r e p e a t e d  3  times, c o u n t i n g  1 0 0  g r a i n s  f r o m  c e l l  2 on a l l  t h e  
t h i n  s e c t i o n s ,  t h e n  f r o m  c e l l  3 ,  a n d  f i n a l l y  f r o m  c e l l  4 .  T h i s  
c e l l  m e t h o d  a l l o w s  f o r  c o m p a r i s o n s  o f  c a l c u l a t e d  a n d  p r e d i c t e d  
a n a l y t i c a l  e r r o r ,  a n d  t e n d s  t o  a v e r a g e  o u t  o p e r a t o r  b i a s  
d e v e l o p e d  d u r i n g  t h e  c o u r s e  o f  t h e  s t u d y .  

7 a )  I f  y o u  h a v e  t h i n  s e c t i o n s  t h a t  a r e  h a l f  s t a i n e d  f o r  e i t h e r  o r  
b o t h  f e l d s p a r s ,  a n d  h a l f  u n s t a i n e d ,  t h e  p r o c e d u r e  is  s l i g h t l y  
m o d i f i e d :  S u b d i v i d e  t h e  u n s t a i n e d  h a l f  o f  e a c h  t h i n  s e c t i o n  
i n t o  4 c e l l s  a n d  p r o c e e d  a s  n o r m a l ,  c o u n t i n g  1 0 0  d e t r i t a l  s a n d  
g r a i n s  f r o m  t h e  f i r s t  c e l l  o f  e a c h  t h i n  s e c t i o n  a n d  r e p e a t i n g  
u n t i l  400 d e t r i t a l  s a n d  g r a i n s  h a v e  b e e n  c o u n t e d  f r o m  a l l  t h i n  
s e c t i o n s .  C o u n t s  o n  t h e  u n s t a i n e d  h a l f ,  h o w e v e r ,  l u m p  a l l  
q u a r t z  a n d  f e l d s p a r  g r a i n  t y p e s  i n t o  o n e  - c a t e g o r y .  N o w ,  o n  t h e  
s t a i n e d  h a l f ,  c o u n t  t h e  i n v e r s e  p o p u l a t i o n ,  l u m p i n g  a l l  non 
q u a r t z  a n d  f e l d s p a r  d e t r i t a l  s a n d  g r a i n s ,  a n d  s u b d i v i d e  q u a r t z  
a n d  f e l d s p a r  i n t o  a p p r o p r i a t e  c a t e g o r i e s  ( d e p e n d i n g  o n  y o u r  
t a b u l a t i o n  c o n v e n t i o n ) .  C o u n t  e x a c t l y  t h e  number  o f  g r a i n s  
n e e d e d  t o  make ' t h e  t o t a l  s u b d i v i d e d  q u a r t z  a n d  f e l d s p a r  g r a i n s  
o n  t h e  s t a i n e d  h a l f  e q u a l  t h e  u n d i f f e r e n t i a t e d  q u a r t z  a n d  
f e l d s p a r  c a t e g o r y  on t h e  u n s t a i n e d  h a l f .  C o u n t  a l l  n e c e s s a r y  
g r a i n s  on  t h e  s t a i n e d  h a l f  o f  e a c h  t h i n  s e c t i o n  a t  o n e  t i m e  ( o r  
u s e  t h e  c e l l  m e t h o d  i f  y o u  p r e f e r ,  b u t  i t  g e t s  a l i t t l e  
c o n f u s i n g  b e c a u s e  y o u  a r e  n o t  n e c e s s a r i l y  c o u n t i n g  400 p o i n t s  
o n  t h e  s t a i n e d  h a l f ) .  

8 )  Compare  t h e  v a r i a t i o n  b e t w e e n  t h e  4 1 0 0  p o i n t  c o u n t s  f o r  e a c h  
t h i n  s e c t i o n ,  a n d  c o m p a r e  t h e  v a r i a t i o n  b e t w e e n  t h e .  s t a i n e d  a n d  
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u n s t a i n e d  t o t a l s .  I f  a c t u a l  c a l c u l a t e d  s t a n d a r d  d e v i a t i o n  
r e g u l a r l y  e x c e e d s  t h e  p r e d i c t e d  a n a l y t i c a l  e r r o r ,  a  f l a g  g o e s  
u p  t h a t  s o m e t h i n g  i s  wrong. .  I f  c a l c u l a t e d  t o t a l s  b e t w e e n  
s t a i n e d  a n d  u n s t a i n e d  h a l v e s  o f  t h e  same t h i n  s e c t i o n  v a r y  more 
t h a n  10 p e r c e n t ,  a n o t h e r  f l a g  g o e s  up .  

9 )  Sum a n d  r e c a l c u l a t e  t h e  d e t r i t a l  mode d a t a ,  a n d  p l o t  them on  
t r i a n g u l a r  c l a s s i f i c a t ~ o n  a n d  d i s c r i m i n a n t  d i a g r a m s  l i k e  t h o s e  
p u b l i s h e d  by D i c k i n s o n  a n d  S u c z e k ,  1 9 7 9 .  
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D E T R I T A L  GRAINS 

QUARTZ 
" 

mon.oc rys t a1 l ine - -undu lose :  

S i n g l e  c r y s t a l  o f  q u a r t z ,  g r a i n  b o u n d a r y  c o i n c i d e s  w i t h  
c r y s t a l  b o u n d a r y .  Non-un i fo rm e x t i n c t i o n ,  u n d u l o s i t y  
g r e a t e r  t h a n  o r  e q u a l  t o  3 d e g r e e s  s t a g e  r o t a t i o n .  
U n d u l o s i t y  i s  s i m p l y  t h e  a n g l e  b e t w e e n  t h e  2 m o s t  
d i v e r g e n t  p o s i t i o n s  o f  t h e  c - a x i s  w i t h i n  a q u a r t z  
c r y s ' t a l .  I n c l u d e s  g r a i n s  w i t h  v a r i a b l e  o r  s t r o n g l y  
u n d u l o s e  e x t i n c t i o n ,  a s  l o n g  a s  no  sha r .p  b r e a k s  o c c u r  
w i t h i n  t h e  g r a i n ,  i n d i c a t i n g  t h a t  t h e  g r a i n  is composed  
o f  m u l t i p l e  c r y s t a l s .  

P r o c e d u r e  f a r  d e t e r m i n i n g  u n d u l o s i t y :  I n  c r o s s e d  
n i c o l s ,  p u t  t h e  g r a i n  i n  a  p o s i t i o n  w h e r e  t h e  
l a r g e s t  p o s s i b l e  a r e a  o f  t h e  g r a i n  i s  a t  
e x t i n c t i o n ,  more o r  l e s s  t h e  m i a d l e  o f  t h e  
u n d u l o s i t y  r a n g e .  ( I f  t h e  w h o l e  g r a i n  is a t  
e x t i n c t i o n ,  t h e  u n d u l o s i t y  i s  z e r o  a n d  t h e  g r a i n  
b e l o n g s  t o  t h e  s t r a i g h t  e x t i n c t i o n  c l a s s . )  Rota te  - 

t h e  s t a g e  u n t i l  o n e  o f  t h e  e x t r e m e  a r e a s  o f  t h e  
c r y s t a l  n o t  i n  e x t i n c t i o n  i n  t h e  c e n t r a l  p o s i t i o n  
becomes  e x t i n c t ,  a n d  r e c o r d  t h e  s t a g e  r e a d i n g .  
R o t a t e  t h e  s t a g e  i n  t h e  o p p o s i t e  d i r e c t i o n  u n t i l  
t h e  o t h e r  e x t r e m e  o f  t h e  c r y s t a l  becomes e x t i n c t ,  
a n d  r e c o r d  t h e  s t a g e  r e a d i n g .  The u n d u l o s i t y  i s  t h e  
a b s o l u t e  v a l u e  o f  t h e  d i f f e r e n c e  i n  t h e  two s t a g e  
r e a d i n g s .  I f  t h i s  v a l u e  is  l e s s  t h a n  3 d e g r e e s ,  t h e  
g r a i n  b e l o n g s  t o  t h e  s t r a i g h t  e x t i n c t i o n  c l a s s .  

S i n g l e  c r y s t a l  o f  q u a r t z ,  g r a i n  b o u n d a r y  c o i n c i d e s  w i t h  
c r y s t a l  b o u n d a r y .  U n i f o r m  e x t i n c t i o n  w i t h  l ess  t h a n  3 
d e g r e e s  o f  s t a g e .  r o t a t i o n .  

M u l t i p l e  q u a r t z  c r y s t a l s  ( 2  o r  m o r e )  w i t h  mean g r a i n  
s i z e  d i a m e t e r s  b e t w e e n  0 . 0 2  mm a n d  0 . 0 6 2 5  mm w i t h i n  a 
s i n g l e  g r a i n .  I n d i v i d u a l  c r y s t a l s  g e n e r a l l y  o f  e q u a l  
d i m e n s i o n  w i t h  no  p r e f e r r e d  o r i e n t a t i o n .  I n c l u d e s  
c o m p o s i ' t e  a n d  s e m i c o m p o s i t e  g r a i n s  o f  F o l k  ( 1 9 7 4 ) .  
B o u n d a r i e s  b e t w e e n  i n d i v i d u a l  c r y s t a l s  a r e  d i s t i n c t r  
g e n e r a l l y  e i t h e r  s u t u r e d  o r  p o l y g o n a l ,  a c r o s s  w h i c h  
t h e r e  i s  g e n e r a l l y  no  o p t i c a l  c o n t i n u i t y  ( a s  is  t y p i c a l  
o f  f r a c t u r e d  m o n o c r y s t a l l i n e  q u a r t z  g r a i n s ) .  S i n c e  a  
c o n t i n u u m  e x i s t s  b e t w e e n  u n d u l o s e  m o n o c r y s t a l l i n e  
q u a r t z  a n d  p o l y c r y s t a l l i n e  q u a r t z r  p o l y c r y s t a l l i n e  
q u a r t z  is  o p e r a t i o n a l l y  d e f i n e d  a s  h a v i n g  g r e a t e r  t h a n  
o r  e q u a l  t o  o n e  d e g r e e  u n d u l o s i t y  jumps a c r o s s  s h a r p l y  
d e f i n e d  b o u n d a r i e s .  P o l y c r y s t a l l i n e  q u a r t z  is 
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d i s t i n g u i s h e d  f r o m  s a n d s t o n e  a n d  s i l t s t o n e  g r a i n s  by a  
c o m p l e t e l y  a n n e a l e d  a p p e a r a n c e  a n d  a  l a c k  o f  d e t r i t a l  
g r a i n  c h a r a c t e r i s t i c s  o f  t h e  i n t e r n a l  c r y s t a l s .  
E q u i g r a n u l a r  p o l y c r y s t a l l i n e  q u a r t z  w i t h  g r e a t e r  t h a n  5 
p e r c e n t  m i c a  s h o u l d  be  c l a s s i f i e d  a s  u n f o l i a t e d  
m e t a c l a s t i c s .  

M u l t i p l e  q u a r t z  c r y s t a l s  ( 2  o r  m o r e )  w i t h  mean g r a i n  
s i z e  d i a m e t e r s  b e t w e e n  G.02  m m  a n d  0 .0625  m m .  w i t h i n  a  
s . i n g l e  g r a i n .  I n d i v i d u a l  c r y s t a l s  a r e  e l o n g a t e  a n d  h a v e  
a  p r e f e r r e d  o r i e n t a t i o n .  P r e s e n c e  o f  m i c a  p a r a l l e l  t o  
t h e  f o l i a t i o n  c a u s e s  g r a i n  t o  b e  e l i m i n a t e d  f rom t h i s  
c a t e g o r y  a n d  c o u n t e d  a s  a  m e t a m o r p h i c  r o c k  f r a g m e n t - -  
q u a r t z - m i c a  s c h i s t / g n e i s s .  

c o a r s e  p o l y c r y s t a l l i n e  q u a r t z :  

M u l t i p l e  q u a r t z  c r y s t a l s  w i t h  moda l  g r a i n  s i z e  
d i a m e t e r s  g r e a t e r  t h a n  o r  e q u a l  t o  0 . 0 6 2 5  mm w i t h i n  a  
s i n g l e  g r a i n .  A d i s t i n c t i o n  b e t w e e n  f o l i a t e d  a n d  
e q u i g r a n u l a r  f a b r i c s  i s  u n n e c e s s a r y  d u e  t o  t h e  c o a r s e  
i n t e r n a l  c r y s t a l  s i z e  r e l a t i v e  t o  t h e  g r a i n  s i z e .  
C o m p l e t e  i n t e r n a l  c r y s t a l s  a r e  n o t  common i n  t h i s  
c a t e g o r y ,  t h a t  i s ,  p a r t  o f  t h e  e d g e s  o f  i n t e r n a l  
c r y s t a l s  c o i n c i d e s  w i t h  p a r t  o f  t h e  e d g e  o f  t h e  g r a i n .  
T h i s  c a t e g o r y  h a s  no  s p e c i a l  g e n e t i c  s i g n i f i c a n c e ,  i t  
s i m p l y  a l l o w s  u s  t o  k e e p  t r a c k  o f  t h e  g r a i n s  t h a t  
p r o b a b l y  would  be c o u n t e d  d i f f e r e n t l y  u s i n g  t h e  G a z z i -  
D i c k i n s o n  method .  

u n d i f f e r e n t i a t e d  q u a r t z :  

Any m o n o c r y s t a l l i n e  o r  p o l y c r y s t a l l i n e  q u a r t z  g r a i n  
w i t h  i n t e r n a l  c r y s t a l s  h a v i n g  mean d i a m e t e r s  g r e a t e r  
t h a n  o r  e q u a l  t o  0 .02  m m ,  a n d  h a v i n g  l e s s  t h a n  5  
p e r c e n t  i m p u r i t i e s .  

, FELDSPAR 

PLAGIOCLASE G R A I N  DETERMINATION KEY 

1) Is t h e  p l a q i o c l a s e  g r a i n  p o l y c r y s t a l l i n e ?  = f e l d s p a r -  
f e l d s p a r  a g g r e g a t e  o r  q u a r t z - f e l d s p a r  a g g r e g a t e  
d e p q n d i n g  on t h e  p r e s e n c e  o r  a b s e n c e  o f  q u a r t z .  

2 )  Is t h e  m o n o c r y s t a l l i n e  p l a g i o c l a s e  g r a i n  s o  h i g h l y  
a l t e r e d  t h a t  z o n i n g  a n d  t w i n n i n g  t y p e s  c a n n o t  b e  
d e t e r m i n e d ?  = a l t e r e d  f e l d s p a r .  

3 )  Is t h e  u n a l t e r e d  m o n o c r y s t a l l i n e  p l a g i o c l a s e  g r a i n  
z o n e d ?  = zoned  p l a g i o c l a s e .  

4 )  Is t h e  u n a l t e r e d  unzoned m o n o c r y s t a l l i n e  p l a g i o c l a s e  
g r a i n  composed o f  b o t h  p o l y s y n t h e t i c  l a m e l l a r  t w i n s  a n d  
a  s i m p l e  C a r l s b a d  t w i n ?  = C- twin  p l a g i o c l a s e .  
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5 )  I s  t h e  u n a l t e r e d  unzoned  m o n o c r y s t a l l i n e  p l a q i o c l a s e  
g r a i n  composed o n l y  of  p o l y s y n t h e t i c  l a m e l l a r  t w i n s ?  = 
A-twin p l a q i o c l a s e .  

6 )  Is t h e  u n a l t e r e d  u n z o n e d  m o n o c r y s t a l l i n e  p l a q i o c l a s e  
g r a i n  composed  o f  a s i n g l e  t w i n  w h i c h  shows  u n e q u a l  
i l l u m i n a t i o n ,  o r  u n e q u a l  i n t e r f e r e n c e  c o l o r s  ( u s i n g  t h e  
f i r s t  o r d e r  r e d  a c c e s s o r y  p l a t e )  i n  t h e  45  d e g r e e  
p o s i t i o n ?  = C- twin  p l a g i o c l a s e .  

7 )  Is t h e  u n a l t e r e d  u n z o n e d  m o n o c r y s t a l l i n e  p l a q i o c l a s e  
g r a i n  composed  o f  a  s i n g l e  t w i n  w h i c h  s h o w s  e q u a l  
i l l u m i n a t i o n  a n d  e q u a l  i n t e r f e r e n c e  c o l o r s  ( u s i n g  t h e  
f i r s t  o r d e r  r e d  a c c e s s o r y  p l a t e )  i n  t h e  4 5  d e g r e e  
p o s i t i o n ?  = A-twin p l a g i o c l a s e .  

4 5  D E G R E E  RULE: I f  t h e  t w i n n e d  p l a g i o c l a s e  shows  e . q u a l  
i l l u m i n a t i o n  a n d  e q u a l  i n t e r f e r e n c e  c o l o r s  ( u s i n g  t h e  
f i r s t  o r d e r  r e d  a c c e s s o r y  p l a t e )  i n  t h e  45 d e g r e e  
p o s i t i o n  c a l l  i t  a n  A-twin.  

NOTE: B o t h  c a r l s b a d ,  and  c o m b i n e d  c a r l s b a d - a l b i t e  
g r a i n s  may show e q u a l  i l l u m i n a t i o n  a n d  e q u a l  
i n t e r f e r e n c e  c o l o r s  i n  t h e  45  d e g r e e  p o s i t i o n  d e p e n d i n g  
on t h e  o r i e n t a t i o n  o f  t h e  p l a g i o c l a s e  c r y s t a l .  I f ,  a n d  
o n l y  i f ,  y o u  a r e  u n c e r t a i n  a s  t o  w h e t h e r  a  p a r t i c u l a r  . 

g r a i n  i s  a n  A-twin o r  a  C- twin  u s e  t h e  45 d e g r e e  r u l e .  
I n  o t h e r  w o r d s r  i f  a p l a g i o c l a s e  g r a i n  c o n t a i n s  a n  
o b v i o u s  C - t w i n ,  you a r e  home f r e e ,  f o r g e t  t h e  45  d e g r e e  
r u l e .  

DETERMINING PLAGIOCLASE COMPOSITIONS 
I N  SANDSTONES U S I N G  EXTINCTION A N G L E  

S i n c e  p l a g i o c l a s e  c r y s t a l s  i n  s a n d s t o n e s  may h a v e  b e e n  
d e r i v e d  f r o m  s e v e r a l  d i f f e r e n t  s o u r c e s ,  m e t h o d s  r e q u i r i n g  
m u l t i p l e  g r a i n s !  l i k e  t h e  Miche l -Leve  m e t h o d r  a r e  n o t  v a l i d  
f o r  a c c u r a t e  c o m p o s i t i o n  d e t e r m i n a t i o n s .  However ,  on a n y  
g r a i n  m e e t i n g  t h e  Miche l -Leve  o r i e n t a t i o n  c r i t e r i a ,  i f  t h e  
e x t i n c t i o n  a n g l e  is l a r g e r  t h a n  20  d e g r e e s  ( o r  a n y  a n g l e  i f  
c l e a v a g e  t o  e x t i n c t i o n  r e l a t i o n s h i p s  a l low y o u  t o  d e t e r m i n e  
t h e  s i g n  o f  t h e  e x t i n c t i o n  a n g l e )  t h e  c o m p o s i t i o n  o f  t h e  
p l a g i o c l a s e  is  a t  l e a s t  a s  c a l c i c  a s  t h e  M i c h e l - L e v e  c h a r t  
i n d i c a t e s .  

A c c u r a t e  p l a g i o c l a s e  d e t e r m i n a t i o n s  i n  s a n d s t o n e s  u s i n g  
e x t i n c t i o n  a n g l e s  c a n  o n l y  b e  made on  s i n g l e  g r a i n s  u s i n g  
e i t h e r  t h e  a - n o r m a l  o r  combined  c a r l s b a d - a l b i t e  me thod .  

NOTE: The  s i g n  o f  t h e  e x t i n c t i o n  a n g l e  r e q u i r e s  
k n o w l e d g e  a b o u t  t h e  p o s i t i o n  o f  t h e  c r y s t a l  f a c e s  t h a t  
is n o t  a l w a y s  a v a i l a b l e .  I n  s e c t i o n s  w h e r e  ( 0 1 0 )  i s  
p e r p e n d i c u l a r  t o  t h e  s t a g e ,  t h e  e x t i n c t i o n  a n g l e  
b e t w e e n  t h e  f a s t  r a y ,  X I ,  and  ( 0 1 0 )  i s  p o s i t i v e  when i t  
b i s e c t s  t h e  a c u t e  a n g l e  f o r m e d  b y  ( 0 0 1 )  a n d  ( 0 1 0 ) ,  a n d  
n e g a t i v e  when i t  b i s e c t s  t h e  o b t u s e  a n g l e .  D i f f e r e n t  
s i g n  c o n v e n t i o n s  a p p l y  t o  d i f f e r e n t  o r i e n t a t i o n s ,  b u t  
t h e  ( 0 1 0 ) n o r m a l  o r i e n t a t i o n  i s  t h e  o n l y  one of  v a l u e  
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POINT COUNT PROCEDURE 

undifferentiated feldspar: 

Any feldspar grain.  his category is generally used 
only for reconniassance point counts or for tabulating 
data from other sources. 

altered feldspar: 

Extensive altegation of single feldspar crystal Single 
crystal recognized by mass extinction of unaltered 
portion of the grain. Typical alteration includes 
sericitizati~n~ kaolinization, albitization, and 
vacuolization. Alteration may be either detrital or 
authigenic. 

LITHIC GRAINS 

SEDIMENTARY ROCK FRAGMENTS 

microcrystalline chert: 

Microcrystalline mosaic composed of individual 
quartz crystals less than 0 . 0 2  mm in diameter. 
Generally clear in plane light, with rare 
inclusions, no preferred orientation, and less than 
5 percent argillaceous material. Distinguished from 
polycrystalline quartz on the basis of crystal 
size. Distinguished from microcrystalline felsic 
volcanic rock fragments by a lack of marked 
internal relief between individual crystalst lack 
of feldspar microphenocrysts, and absence of yellow 
K-stain in stained thin sections. Also suggestive 
of chert are the presence of criss-crossing 
veinlets. Cryptocrystalline and opaline silica are 
also included in this category; both are 
characterized by being nearly black in crossed 
nicols. 

radiolarian chert: 

Microcrystalline mosaic composed of individual 
quartz crystals less than 0.02 mm in diameter, and 
containing circular regions characterized by slight 
differences in texture and quartz purity. Such 
regions are generally interpreted as ghosts of 
radiolaria, Except for the circular regions, 
radiolarian chert looks like microcrystalline 
chert, and the same diagnostic properties apply. 

foliated chert: 

Microcrystalline mosaic composed of individual 
quartz crystals less than 0.02 mm in diameter which 
are elongate and have a preferred orientation. 
Except for the foliated fabric, foliated chert 
looks like microcrystalline chert, and the same 
diagnostic properties apply. 
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f i b r o u s  c h e r t :  

F i b r o u s  c h e r t  a n d  c h a l c e d o n y  i n  p a r a l l e l ,  r a d i a l  o r  
c o n c e n t r i c  a g g r e g a t e s .  D i s t i n g u i s h e d  f r o m  f o l i a t e d  
c h e r t  by a  v e r y  h i g h  l e n g t h  t o  w i d t h  r a t i o .  C h e c k  
t h e  s i g n  o f  e l o n g a t i o n - - c h e r t  c a n  b e  e i t h e r - l e n g t h -  
f a s t  o r  l e n g t h  s l o w .  L e n g t h  s l o w  c h a l c e d o n y  i s  
t h o u g h t  ( b y  P i t t m a n  a n d  F o l k t  N a t u r e  P h y s .  S c i . /  
1 9 7 1 )  t o  i n d i c a t e  a n  e v a p o r i t e  d e p o s i t i o n a l  
e n v i r o n m e n t .  

p r o b a b l e  c h e r t  g r a i n s :  

G r a i n s  s u s p e c t e d  o f  b e i n g  c h e r t  b u t  show no 
c o n c l u s i v e  d i a g n o s t i c  p r o p e r t i e s .  

c h e r t y  a r g i l l i t e :  , . 

M i c r o c r y s t a l l i n e  m o s a i c  c o m p o s e d  o f  q u a r t z  c r y s t a l s  
a n d  c l a y  m i n e r a l s  l e s s  t h a n  0 . 0 2  m m  i n  d i a m e t e r .  
T y p i c a l  a p p e a r a n c e  i s  t h a t  o f  d i r t y  c h e r t .  
A r g i l l a c e o u s  a n d  c a r b o n a c e o u s  m a t e r i a l  r a n g e s  f r o m  
5 t o  7 0  p e r c e n t .  

a r g i l l i t e :  

U n f o l i a t e d  m i c r o c r y s t a l l i n e  g r a i n s  w i t h  g r e a t e r  
t h a n  70  p e r c e n t  a r g i l l a c e o u s  a n d  c a r b o n a c e o u s  
m a t e r i a l .  I n d i v i d u a l  c r y s t a l s  a r e  l e s s  t h a n  0 . 0 2  mm 
i n  d i a m e t e r .  G r a i n s  commonly  a p p e a r  d a r k - g r a y  t o  
b l a c k  i n  p l a n e  l i g h t .  A l t h o u g h  w i t h o u t  a p p a r e n t  
f o l i a t i o n t  many g r a i n s  h a v e  a c r y s t a l l o g r a p h i c  
p r e f e r r e d  o r i e n t a t i o n .  

s i l t s t o n e :  

M u l t i p l e  d e t r i t a l  c l a s t s  w i t h i n  a s i n g l e  g r a i n .  
I n t e r n a l  c l a s t s  a r e  g r e a t e r  t h a n  o r  e q u a l  t o  0 . 0 2  
mm b u t  l e s s  t h a n  0 . 0 6 2 5  mm.  G r a i n s  c o n t a i n  n o  
p r e f e r r e d  o r i e n t a t i o n  a n d  a r e  n o t  r e c r y s t a l l i z e d .  

s a n d s t o n e :  

M u l t i p l e  d e t r i t a l  c l a s t s  w i t h i n  a  s i n g l e  g r a i n .  
I n t e r n a l  c l a s t s  are g r e a t e r  t h a n  o r  e q u a l  t o  0 . 0 6 2 5  
mm. G r a i n s  g e n e r a l l y  c o n t a i n  n o  p r e f e r r e d  
o r i e n t a t i o n  a n d  a r e  n o t  r e c r y s t a l l i z e d .  

F o l i a t e d  q u a r t z o s e  m i c r o c r y s t a l l i n e  g r a i n s  w i t h  
g r e a t e r  t h a n  o r  e q u a l  t o  5 p e r c e n t  a r g i l l a c e o u s r  
m i c a c e o u s  o r  c a r b o n a c e o u s  m a t e r i a l .  I n d i v i d u a l  
c r y s t a l s  a r e  less  t h a n  0 . 0 2  m m  i n  w i d t h .  G r a i n s  
commonly  a p p e a r  d a r k  g r a y  t o  b l a c k  i n  p l a n e  l i g h t ,  
a n d  e x h i b i t  a  mass e x t i c n t i o n  e f f e c t  i n  c r o s s e d  
n i c o l s  d u e  t o  t h e  p a r a l l e l  a l i g n m e n t  of  t h e  
m i c r o c r y s t a l l i n e  p l a t e y  m i n e r a l s .  G r a i n s  commonly  
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a r e  o n l y  s l i g h t l y  t o  m o d e r a t e l y  r e c r y s t a l l i z e d .  
S l a t e / s h a l e  g r a i n s  a r e  d i s t i n g u i s h e d  f r o m  p h y l l i t e  
by a  l a c k  o f  c o m p l e t e  r e c r y s t a l l i z a t i o n ,  a n d  f rom 
a r g i l l i t e  a n d  c h e r t y  a r g i l l i t e  by  a  f o l i a t e d  
f a b r i c .  

c a r b o n a t e :  

G r a i n s  mayu b e  composed o f  s i n g l e  o r  m u l t i p l e  
c r y s t a l s  o f  c a r b o n a t e .  R e l a t i v e l y  l a r g e  c r y s t a l s  
a r e  c h a r a c t e r i z e d  by e x t r e m e  r e l i e f ,  e x t r e m e  
b i r e f r i n g e n c e ,  a n d  i n t e r s e c t i n g  c l e a v a g e  a n d  t w i n  
p l a n e s .  V e r y  f i n e - g r a i n e d  c a r b o n a t e  ( m i c r i t e )  i s  
c h a r a c t e r i z e d  by a  d u l l  g r a y  c o l o r ,  h i g h  r e l i e f ,  
a n d  a  f a i l u r e  t o  g o  e x t i n c t  i n  c r o s s  n i c o l s .  
' D e t r i t a l  c a r b o n a t e  is  d i s t i n g u i s h e d  f r o m  a u t h i g e n i c  
c a r b o n a t e  b y  d i s t i n c t ,  t y p i c a l l y  r o u n d e d l  g r a i n  
m a r g i n s l  a n d  t h e  a p p e a r a n c e  o f  o c c u p y i n g  a  d e t r i t a l  
g r a i n  s i t e .  

c o a l / o r g a n i c  d e t r i t u s :  

N o n - c r y s t a l l i n e  o r a n g e  r e d ,  b rown,  a n d  b l a c k 1  
t r a n s l u c e n t  t o  o p a q u e  g r a i n s ,  commonly h a v i n g  
b r a n c h i n g  t w i g  s t r u c t u r e s  a n d / o r  c e l l u l a r  t e x t u r e .  

p r o b a b l e  s e d i m e n t a r y  r o c k  f r a g m e n t s :  

G r a i n s  s u s p e c t e d  o f  b e i n g  s e d i m e n t a r y  r o c k  
f r a g m e n t s  b u t  show no c o n c l u s i v e  d i a g n o s t i c  
p r o p e r t i e s .  

o t h e r  o r  u n d i f f e r e n t i a t e d  s e d i m e n t a r y  r o c k  f r a g m e n t s :  

Any r o c k  f r a g m e n t s  d e f i n a t e l y  o f  s e d i m e n t a r y  o r i g i n  
n o t  s p e c i f i c a l l y  l i s t e d  a b o v e .  

V O L C A N I C  ( A N D  HYPABYSSAL) ROCK FRAGMENTS 

vitric/cryptocrystalline: 

G r a i n s  composed  o f  v o l c a n i c  g l a s s  o r  s l i g h t l y  t o  
m o d e r a t e l y  d e v i t r i f i e d  g l a s s .  Glass  i s  t r a n s p a r e n t  
i n  p l a n e  l i g h t  a n d  b l a c k  i n  c r o s s e d  n i c o l s .  
D e v i t r i f i e d  g l a s s  i s  g e n e r a l l y  d a r k  b u t  n o t  b l a c k  
i n  c r o s s e d  n i c o l s ,  a n d  l o c a l l y  d i s p l a y s  f a i n t  
b i r e f r i n g e n c e  i n d i c a t i v e  o f  i n c i p i e n t  
c r y s t a l l i z a t i o n .  

m i c r o c r y s t a l l i n e  f e l s i c :  

M i c r o c r y s t a l l i n e  m o s a i c  o f  i n d i v i d u a l  q u a r t z  and  
f e l d s p a r  c r y s t a l s  l e s s  t h a n  0 .02  mm i n  d i a m e t e r .  
G r a i n s  a r e  t y p i c a l l y  m i s i d e n t i f i e d  a s  c h e r t ,  a n d  a  , 

c h e r t y  a p p e a r a n c e  is c h a r a c t e r i s t i c .  However,  
m i c r o c r y s t a l l i n e  f e l s i c  g r a i n s  commonly d i s p l a y  
marked  i n t e r n a l  ' r e l i e f  may c o n t a i n  m i c r o -  
p h e n o c r y s t s  o f  q u a r t z  o r  f e l d s p a r t  a n d  , t a k e  a  
y e l l o w  K - s t a i n  i n  s t a i n e d  t h i n  s e c t i o n s .  
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m i c r o g r a n u l a r  f e l s i c :  

G r a i n s  c o m p o s e d  o f  i n d i v i d u a l  c r y s t a l s  o f  q u a r t z  
a n d  f e l d s p a r  h a v i n g  mean d i a m e t e r s  b e t w e e n  a . 0 2  mm 
a n d  0 . 0 6 2 5  m m .  D i s t i n g u i s h e d  f r o m  m i c r o c r y s t a l l i n e  
f e l s i c ,  q u a r t z - f e l d s p a r  a g g r e g a t e ,  a n d  f e l d s p a r -  
f e l d s p a r  a g g r e g a t e  by  i n t e r n a l  c r y s t a l  s i z e ,  f r o m  
p o l y c r y s t a J l i n e  e q u i g r a n u l a r  q u a r t z  b y  t h e  p r e s e n c e  
o f  f e l d s p a r ,  a n d  f r o m  u n f o l i a t e d  m e t a c l a s t i c  by a  
l a c k  o f  a p p a r e n t  d e t r i t a l  t e x t u r e  a n d  a n  o v e r a l l  
i n t e r g r o w n  h o l o c r y s t a l l i n e  i g n e o u s  t e x t u r e .  T h e s e  
g r a i n s  w e r e  p r o b a b l y  d e r i v e d  f r o m  a  h y p a b y s s a l  
s o u r c e .  

m i c r o l i t i c :  

M i c r o s c o p i c a l l y  b e a r l y  r e s o l v a b l e ,  s u b h e d r a l ,  
n e e d l e - l i k e  f e l d s p a r  c r y s t a l s  w i t h i n  e i t h e r  a 
g l a s s y  ( h y a l o p i l i t i c )  mat r ix ,  o r  a  h d l ~ c r ~ s t s l l i n e  
( p i l o t a x i t i c )  m a t r i x .  F e l d s p a r  g r a i n s  h a v e  e i t h e r  a  
p a r a l l e l  o r i e n t a t i o n  ( t r a c h y t i c )  o r  t h e y  a r e  
r a n d o m l y  o r i e n t e d  ( f e l t e d ) .  ~ i c r o l i t e s  a r e  
a r b i t r a r i l y  d e f i n e d  f o r  c p e r a t i o n a l  r e a s o n s  a s  
h a v i n g  w i d t h s  l e s s  t h a n  0 . 0 2  m m .  

l a t h w o r k :  

G r a i n s  c o n t a i n  s u b h e d r a l  t o  e u h e d r a l  t a b u l a r  
p l a g i o c l a s e  c r y s t a l s  w i t h  e i t h e r  a n  i n t e r g r a n u l a r  
o r  i n t e r s e r t a l  t e x t u r e .  L a t h s  commonly  h a v e e i t h e r  a  
p a r a l l e l  o r  r a n d o m  o r i e n t a t i o n .  L a t h s  a r e  
a r b i t r a r i l y  d e f i n e d  a s  h a v i n g  w i d t h s  g r e a t e r  t h a n  
o r  e q u a l  t o  0 . 0 2  mm.  

maf i c  v o l c a n i c :  

P o l y c r y s t a l l i n e  v o l c a n i c  r o c k  f r a g m e n t  c o n t a i n i n g ,  
i n  l a r g e  p a r t ,  m a f i c  m i n e r a l s  ( t y p i c a l l y  p y r o x e n e )  
a n d  n o  q u a r t z ,  w i t h  i n t e r n a l  c r y s t a l  h a v i n g  mean 
diameters b e t w e e n  0 . 0 2  mm a n d  0 . 0 6 2 5  mm. 

t u f  f a c e o u s :  

C l a s t i c  g r a i n s  w i t h  a known o r  s u s p e c t e d  v o l c a n i c  
o r i g i n .  C l a s t s  c a n  b e  composed  p r e d o m i n a n t l y  o f  
c r y s t a l s  ( c r y s t a l  t u f f ) ,  g l a s s  s h a r d s  a n d  p u m i c e  
( v i t r i c  t u f f ) ,  o r  v o l c a n i c  r o c k  f r a g m e n t s  ( l i t h i c  
t u f f ) .  The  m a t r i x  t y p i c a l l y  i s  c o m p o s e d  o f  e i t h e r  
v i t r i c  o r  m i c r c r y s t a l l i n e  m a t e r i a l ,  a n d  g e n e r a l l y  
i s  t h e  k e y  t o  d i s t i n g u i s h i n g  b e t w e e n  t u f f a c e o u s  
g r a i n s  a n d  c l a s t i c  g r a i n s  o f  a  s e d i m e n t a r y  o r i g i n .  

a l t e r e d  VRF: 

S e r i c i t i z e d  v o l c a n i c  r o c k  f r a g m e n t s  l o o k  s i m i l a r  t o  
s e r i c i t i z e d  f e l d s p a r  b u t  l a c k s  t h e  u n i t  o r  mass 
e x t i n c t i o n  o f  t h e  u n a l t e r e d  p a r t  o f  t h e  g r a i n .  
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p r o b a b l e  v o l c a n i c  r o c k  f r a g m e n t s :  

G r a i n s  s u s p e c t e d  o f  b e i n g  v o l c a n i c  r o c k  f r a g m e n t s  
b u t  show no c o n c l u s i v e  d i a g n o s t i c  p r o p e r t i e s .  

o t h e r  v o l c a n i c  r o c k  f r a g m e n t s :  

Any r o c k  f s a g r n e n t  d e f i n a t e l y  o f  v o l c a n i c  o r i g i n  n o t  
s p e c i f i c a l l y  l i s t e d  a b o v e .  

METAMORPHIC ROCK FRAGMENTS 

u n f o l i a t e d  m e t a c l a s t i c :  

M u l t i p l e  d e t r i t a l  c l a s t s  w i t h i n  a  s i n g l e  g r a i n .  
' I n t e r n a l  c l a s t s  h a v e  mean d i a m e t e r s  b e t w e e n  0 . 0 2  m m  
a n d  0 . 0 6 2 5  m m .  G r a i n s  c o n t a i n  no s t r o n g  p r e f e r r e d  
o r i e n t a t i o n  b u t  i n t e r n a l  c l a s t s  h a v e  b e e n  
r e c r y s t a l l i z e d .  I n t e r n a l  g r a i n  b o u n d a r i e s  commonly 
a r e  s u t u r e d - o r  p o l y g o n a l ;  o r i g i n a l  d e t r i t a l  g r a i n  
b o u n d a r i e s  a r e  i n d i s t i n c t  a t  b e s t .  S i m i l a r  
a p p e a r i n g  g r a i n s  t h a t  a r e  c o m p l e t e l y  r e c r y s t a l l i z e d  
a r e  c l a s s i f i e d  a s  h o r n f e l s .  G r a i n s  w i t h  i n t e r n a l  
c l a s t s  g r e a t e r  t h a n  o r  e q u a l  t o  0 . 0 6 2 5  mm a r e  
c l a s s i f i e d  a s  s a n d s t o n e  i f  o r i g i n a l  c l a s t s  a r e  
r e c o g n i z a b l e ,  o r  a s  q u a r t z - f e l d s p a r  a g g r e g a t e  i f  
t h e  g r a i n  i s  c o m p l e t e l y  r e c r y s t a l l i z e d .  

q u a r t z - m i c a  p h y l l i t e :  

F o l i a t e d  q u a r t z o s e  c r y s t a l  a g g r e g a t e  w i t h  g r e a t e r  
t h a n  o r  e q u a l  t o  5  p e r c e n t  m i c a .  I n d i v i d u a l  
c r y s t a l s  a re  l e s s  t h a n  0 . 0 6 2 5  m m  i n  w i d t h .  G r a i n s  
commonly a p p e a r  c o l o r l e s s  i n  p l a n e  l i g h t  b e c a u s e  
t h e  r o c k  h a s  b e e n  c o m p l e t e l y  r e c r y s t a l l i z e d ,  
t y p i c a l l y  t o  q u a r t z  a n d  w h i t e  m i c a .  I n t e r n a l  q u a r t z  
c r y s t a l s  g e n e r a l l y  a r e  e l o n g a t e  w i t h  p o l y g o n a l  
b o u n d a r i e s .  Micas a r e  w e l l  d e v e l o p e d  a n d  commonly 
fo rm c o n t i n u o u s  l a y e r s  a c r o s s  t h e  g r a i n .  

q u a r t z - m i c a  s c h i s t / g n e i s s :  

F o l i a t e d  q u a r t z o s e  g r a i n s  w i t h  g r e a t e r  t h a n  o r  
e q u a l  t o  5  p e r c e n t  mica. I n d i v i d u a l  c r y s t a l s  a r e  
g r e a t e r  t h a n  o r  e q u a l  t o  0 . 0 6 2 5  mm i n  w i d t h .  G r a i n s  
a r e  c o m p l e t e l y  r e c r y s t a l l i z e d  s i m i l a r  t o  q u a r t z -  
m i c a  p h y l l i t e ,  t h e  m a i n  d i s t i n c t i o n  b e t w e e n  t h e  two 
c l a s t  t y p e s  i s  i n t e r n a l  c r y s t a l  s i z e .  D i s t i n g u i s h e d  
fro'm c o a r s e  p o l y c r y s t a l l i n e  q u a r t z  b a s e d  on t h e  
p r e s e n c e  o f  m i c a .  

g r e e n s t o n e :  

U n f o l i a t e d  p o l y c r y s t a l l i n e  a g g r e g a t e  composed i n  i n  
l a r g e  p a r t  o f  m a f i c  m i n e r a l s l  commonly e i t h e r  .. 
p y r o x e n e l  a m p h i b o l e l  c h l o r i t e  o r  e p i d o t e  g r o u p  
m i n e r a l s ,  h a v i n g  a  mean i n t e r n a l  c r y s t a l  d i a m e t e r  
b e t w e e n  0 . 0 2  mm a n d  0 . 0 6 2 5  mm. C l a s t s  a r e  
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m o d e r a t e l y  t o  c o m p l e t e l y  r e c r y s t a l l i z e d  p r o b a b l y  
f r o m  a  m a f i c  i g n e a u s  r o c k .  Non-mafic m i n e r a l s  a r e  
m a i n l y  p l a g i o c l a s e  a n d  c a r b o n a t e .  

g r e e n  p h y l l i t e :  

F o l i a t e d  p o l y c r y s t a l l i n e  a g g r e g a t e  composed i n  
l a r g e  p a r t - o f  m a f i c  m i n e r a l s !  m a i n l y  a m p h i b o l e !  
c h l o r i t e !  a n d  e p i d o t e  g r o u p  m i n e r a l s ,  h a v i n g  a  mean 
i n t e r n a l  c r y s t a l  d i a m e t e r  b e t w e e n  0 . 0 2  mm a n d  
0 . 0 6 2 5  m m .  C l a s t s  a r e  c o m p l e t e l y  r e c r y s t a l l i z e d ,  
g e n e r a l l y  from a  m a f i c  v o l c a n i c  p r o t o l i t h .  

F o l i a t e d  p o l y c r y s t a l l i n e  a g g r e g a t e  composed i n  
l a r g e  p a r t  o f  m a f i c  m i n e r a l s ,  m a i n l y  a m p h i b o l e ,  
c h l o r i t e ,  p y r o x e n e ,  a n d  e p i d o t e  g r o u p  m i n e r a l s ,  
h a v i n g  a  mean i n t e r n a l  c r y s t a l  d i a m e t e r  o f  g r e a t e r  
t h a n  o r  e q u a l  t o  0 . 0 6 2 5  mm. 

h o r n f e l s :  

U n f o l i a t e d  p o l y c r y s t a l l i n e  a g g r e g a t e  w i t h  a  
c o m p l e t e l y  r e c r y s t a l l i z e d  e q u i g r a n u l a r  m e t a m o r p h i c  
f a b r i c .  G r a n o b l a s t i c  g r o u n d m a s s  c o n t a i n s  c r y s t a l s ,  
w i t h  a  mean d i a m e t e r  o f  l e s s  t h a n  0 .0625  mm.  Micas 
i f  p r e s e n t  a r e  r a n d o m l y  o r i e n t e d .  H o r n f e l s  show n o  
i n d i c a t i o n  o f  a  d e t r i t a l  c l a s t i c  t e x t u r e  a s  d o  
u n f o l i a t e d  m e t a c l a s t i c  g r a i n s .  Key p o r p h y r o b l a s t i c  
m i n e r a l s !  i f  p r e s e n t ,  i n c l u d e  w o l l a s t o n i t e r  
b i o t i t e !  a n d  a n d a l u s i t e .  

p r o b a b l e  MRF: 

G r a i n s  s u s p e c t e d  o f  b e i n g  m e t a m o r p h i c  r a c k  
f r a g m e n t s  b u t  show no c o n c l u s i v e  d i a g n o s t i c  
p r o p e r t i e s .  

o t h e r  m e t a m o r p h i c  r o c k  f r a g m e n t s :  

Any r o c k  f r a g m e n t  d e f i n a t e l y  o f  m e t a m o r p h i c  o r i g i n  
t h a t  i s  n o t  s p e c i f i c a l l y  l i s t e d  a b o v e .  

PLUTONIC ROCK FRAGMENTS 

quar ' t .z - f  e l d s p a r  a g g r e g a t e  : 

P o l y c r y s t a l l i n e  r o c k  f r a g m e n t  composed o f  q u a r t z  
a n d  f e l d s p a r  c r y s t a l s  w i t h  mean d i a m e t e r  g r e a t e r  
t h a n  o r  e q u a l  t o  0 . 0 6 2 5  m m .  D i s t i n g u i s h e d  f rom 
p o l y c r y s t a l l i n e  q u a r t z  b a s e d  on t h e  p r e s e n c e  o f  
f e l d s p a r ,  a n d  f r o m  m i c r o g r a n u l a r  v o l c a n i c  r o c k  
f r a g m e n t s  b a s e d  on a  c o a r s e r  g r a i n  s i z e .  
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f e l d s p a r - f e l d s p a r  a q g r e g a t e :  

P o l y c r y s t a l l i n e  r o c k  f r a g m e n t  c o m p o s e d  o f  f e l d s p a r  
c r y s t a l s - w i t h  mean d i a m e t e r  g r e a t e r  t h a n  o r  e q u a l  
t o  0 . 0 6 2 5  mm.  D i s t i n g u i s h e d  f r o m  q u a r t z - f e l d s p a r  
a q g r e g a t e  b a s e d  on a  l a c k  o f  q u a r t z ,  a n d  f r o m  
m i c r o g r a n u l a r  v o l c a n i c  r o c k  f r a g m e n t s  b a s e d  o n  a 
c o a r s e r  g r s i n  s i z e .  

maf i c  p l u t o n i c  r o c k  f r a g m e n t :  

U n f o l i a t e d  p o l y c r y s t a l l i n e  a g g r e g a t e  composed  i n  
l a r g  p a r t  o f  m a f i c  m i n e r a l s  w i t h  i n t e r n a l  c r y s t a l s  
h a v i n g  a mean d i a m e t e r  o f  g r e a t e r  t h a n  o r  e q u a l  t o  
0 . 0 6 2 5  m m .  

p r o b a b l e  PRF : 

G r a i n s  s u s p e c t e d  o f  b e i n g  p l u t o n i c  r o c k  f r a g m e n t s  
b u t  show n o  - c o n c l u s i v e  d i a g n o s t i c  p r o p e r t i e s .  

o t h e r  o r  u n d i f f e r e n t i a t e d  PRF: 

Any r o c k  f r a g m e n t  d e f i n a t e l y  o f  p l u t o n i c  o r i g i n  n o t  
s p e c i f i c a l l y  l i s t e d  a b o v e .  

DETRITAL MINERALS: 

I n d i v i d u a l  c r y s t a l s  o t h e r  t h a n  q u a r t z ,  f e l d s p a r l  o r  
c a r b o n a t e  . 
b i o t i t e :  

Brownl  p l e o c h r o i c ,  b i r d s e y e  e x t i n c t i o n ,  m i c a c e o u s  
h a b i t .  

w h i t e  m i c a :  

C o l o r l e s s ,  h i g h  b i r e f r i n g e n c e ,  m i c a c e o u s  h a b i t .  

c h l o r i t e :  

L i g h t  g r e e n  o r  b r o w n l  p l e o c h r o i c l  very low commonly 
a n o m a l o u s  b i r e f r i n g e n c e ,  f i b r o u s  h a b i t .  

c l i n o p y r o x e n e :  

C o l o r l e s s  t o  s h a d e s  o r  g r e e n  a n d  b r o w n ,  m o d e r a t e l y  h i g h  
r e l i e f  b i a x i a l  p o s i t i v e ,  r i g h t  a n g l e  c l e a v a g e .  

a m p h i b o l e :  

C o l o r l e s s  t o  s h a d e s  o f  g r e e n  a n d  b r o w n l  g e n e r a l l y  
p l e o c h r o i c ,  m o d e r a t e  r e l i e f  , b i a x i a l  n e g a t i v e ,  
a m p h i b o l e  c l e a v a g e .  
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g a r n e t :  

C o l o r l e s s  t o  s h a d e s .  o f  g r e e n  o r  p i n k ,  i s o t r o p i c ,  v e r y  
h i g h  r e l i e f .  

z i r c o n :  

C o l o r l e s s  t o  p 3 l e  b r o w n ,  e x t r e m e  r e l i e f ,  v e r y  h i g h  
b i r e f r i n g e n c e ,  u n i a x i a l  p o s i t i v e .  

t o u r m a l i n e :  
I I .  

C o l o r l e s s  t o  b l a c k  a n d  s h a d e s  of  p i n k l ' b l u e r  g r e e n ,  and  
b rown,  p l e o c h r o i c ,  m o d e r a t e  b i r e f r i n g e n c e ,  p a r a l l e l  
e x t i n c t i o n ,  maximum a b s o r p t i o n  p e r p e n d i c u l a r  t o  
d i r e c t i o n  o f  e l o a n g a t i o n .  

r u t i l e :  

Red-brown, o f t e n  v e r y  d a r k ,  e x t r e m e  r e l i e f ,  e x t r e m e  
b i r e f r i n g e n c e  

o t h e r  m i n e r a l s :  

Unknown m o n o m i n e r a l i c  g r a i n .  Note  a n y  m i n e r a l  t h a t  c a n  
be i d e n t i f i e d  s e p a r a t e l y .  

i n d e t e r m i n a n t  g r a i n s :  

1 Any g r a i n  t h a t  c a n n o t  b e  c l a s s i f i e d  a f t e r  l e n g t h y  a n a l y s i s .  

MATRIX 

I A l l  d e t r i t a l  m a t e r i a l  smaller t h a n  s a n d - s i z e .  

I 
I 

s i l t :  

Any m o n o c r y s t a l l i n e  o r  p o l y c r y s t a l l i n e  f r a m e w o r k  g r a i n  l e s s  
t h a n  0 .0625 mm i n  d i a m e t e r .  

a r g i l l a c e o u s :  

D e t r i t a l  c l a y .  G e n e r a l l y  o c c u r s  a s  p o l y c r y s t a l l i n e  
a g g r e g a t e s  l ess  t h a n  0 . 0 6 2 5  mm i n  d i a m e t e r ,  t h a t  a r e  
s q u a s h e d  b e t w e e n  f r a m e w o r k  g r a i n s  o r  i n t o  p o r e  s p a c e .  
P r o t o m a t r i x  a n d  o r t h o m a t r i x  o f  D i c k i n s o n ,  1 9 7 0 .  

I p s e u d o m a t r i x :  

M a l i a b l e  d e t r i t a l  a g g r e g a t e s  g r e a t e r  t h a n  0 . 0 6 2 5  mm i n  
d i a m e t e r  t h a t  h a v e  b e e n  s q u a s h e d  b e t w e e n  more  c o m p e t e n t  
f r amework  g r a i n s .  D e t r i t a l  g r a i n s  were p r o b a b l y  o r i g i n a l l y  
a r g i l l i t e ,  c h e r t y  a r g i l l i t e ,  s i l t s t o n e ,  s l a t e / s h a l e  o r  
p h y l l i t e  g r a i n s  b u t  a r e  now u n r e c o g n i z a b l e  a s  s u c h  w i t h  
c e r t a i n t y .  G r a i n s  may s t i l l  o c c u p y  a  d e t r i t a l  s a n d  g r a i n  
s i t e ,  b u t  t h e y  h a v e  l o s t  t h e i r  o r i g i n a l  d e t r i t a l  g r a i n  
s h a p e ,  a n d  t h e i r  i n t e r n a l  s t r u c t u r e  h a s  b e e n  a l t e r e d .  
D e f i n e d  by D i c k i n s o n ,  1 9 7 0 ,  who l i s ts  3 c r i t e r i a  f o r  
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r e c o g n i t i o n  o f  p s e u d o m a t r i x :  1) F l a m e - l i k e  w i s p  o f  c r u s h e d  
l i t h i c  f r a g m e n t s  e x t e n d  i n - t o  n a r r o w i n g  o r i f i c e s  b e t w e e n  
u n d e f r o m e d  r i d i d  g r a i n s .  2 )  t h e  p s e u d o f l u i d a l  i n t e r n a l  
f a b r i c  o f  l i t h i c  f r a g m e n t s  d e f o r m e d  by p s e u d o p l a s i t c  f l o w  
commonly c o n f o r m s  t o  t h e  m a r g i n s  o f  c o n f i n i n g  r i g i d  g r a i n s  
a s  c o n c e n t r i c  d r a p e  l i n e s .  3 )  L a r g e  " m a t r i x m - f i l l e d  " g a p s "  
i n  t h e  f r amework  s u g g e s t  p s e u d o m a r t i x ,  a n d  t h e  s u g g e s t i o n  
is  s t r e n g t h e n e d  whgre  e a c h  " g a p n - f i l l i n g  is  semi- 
homogeneous  b u t  t e x t u r a l l y  d i s t i n c t  f rom o t h e r  " g a p s " .  

o t h e r  o r  u n d i f f e r e n t i a t e d :  

Any d e t r i t a l  m a t e r i a l  l ess  t h a n  0 . 0 6 2 5  mm i n  d i a m e t e r .  T h i s  
c a t e g o r y  i s  g e n e r a l l y  u s e d  o n l y  f o r  r e c o n n i a s s a n c e  p o i n t  
c o u n t s  o r  f o r  t a b u l a t i n g  d a t a  f r o m  o t h e r  s o u r c e s .  

CEMENT 

I n c l u d e s  a l l  " s ~ b m e t a m o r ~ h i c "  a u t h i g e n i c  m a t e r i a l ,  g e n e r a l l y  
f i l l i n g  o p e n  p o r e s ,  b u t - a l s o  i n c l u d e s  i n  p l a c e  r e p l a c e m e n t  o f  
d e t r i t a l  g r a i n s  i f  t h e  o r i g i n a l  g r a i n  i s  no l o n g e r  
r e c o g n i z a b l e .  Cement d o e s  n o t  i n c l u d e  v e i n s ;  v e i n  m a t e r i a l  
s h o u l d  n o t  be i n c l u d e d  i n  t t . e  p o i n t  c o u n t  a n a l y s i s  ( i n  f a c t ,  
s a n d s t o n e s  w i t h  v e i n s  s h o u l d  n o t  b e  p o i n t  c o u n t e d ) .  

s i l i c a :  

I n c l u d e s  q u a r t z ,  o p a l ,  c h e r t ,  a n d  c h a l c e d o n y .  Q u a r t z  
t y p i c a l l y  o c c u r s  a s  r e l a t i v e l y  p u r e  o v e r g r o w t h s  i n  o p t i c a l  
c o n t i n u i t y  w i t h  d e t r i t a l  q u a r t z  g r a i n s .  Q u a r t z  o v e r g r o w t h s  
commonly h a v e  e u h e d r a l  c r y s t a l  f a c e s ,  a n d  may b e  s e p a r a t e d  
f r o m  t h e  h o s t  g r a i n  by a d i s t i n c t  d i r t y  r i m  o u t l i n i n g  t h e  
o r i g i n a l  d e t r i t a l  g r a i n .  Q u a r t z  a l s o  o c c u r s  a s  r i m  c e m e n t  
a r o u n d  d e t r i t a l  g r a i n s  a n d  l i n i n g  p o r e s .  Q u a r t z  r i m  c e m e n t  
o r  d r u s y  q u a r t z  is  b l a d e d  t o  e q u a n t l  e u h e d r a l  t o  s u b h e d r a l ,  
a n d  f o r m s  i n  r a d i a l  a g g r e g a t e s  l i n i n g  v o i d s .  O p a l  m o s t  
commonly o c c u r s  i n  t u f f a c e o u s  s a n d s t o n e  a s  a  p o r e  f i l l i n g  
c e m e n t .  O p a l  i s  i s o t r o p i c ,  c o l o r l e s s  t o  v a r i o u s  p a l e  c o l o r s  
(commonly  t a n  d u e  t o  a n  a b u n d a n c e  o f  w a t e r - f i l l e d  
 inclusion^)^ a n d  h a s  a  v e r y  l o w  r e f r a c t i v e  i n d e x  ( n  = 1 . 4 3 5  
t o  1 . 4 6 0  d e p e n d i n g  on  t h e  w a t e r  c o n t e n t ) .  T h i s  l o w  R I  
c a u s e s  a d j a c e n t  g r a i n s ,  e v e n  n o r m a l l y  low r e l i e f  q u a r t z ,  t o  
s t a n d  o u t  i n  b o l d  r e l i e f .  C h e r t  o c c u r s  a s  o v e r g r o w t h s  i n  
o p t i c a l  c o n t i n u i t y  o n  d e t r i t a l  c h e r t ,  a n d  a s  a 
d e v i t r i f i c a t i o n  p r o d u c t  o f  o p a l l i n e  c e m e n t .  C h e r t  is 
d i s t i n g u i s h e d  f rom q u a r t z  o n  t h e  b a s i s  o f  g r a i n  s i z e ,  c h e r t  
c r y s t a l l i t e s  a r e  l e s s  t h a n  0 . 0 2  mm. C h a l c e d o n y  c l a s s i c a l l y  
o c c u r s  a s  r a d i a t i n g  m i c r o f i b r o u s  a g g r e g a t e s ,  b u t  a l l  
g r a d a t i o n s  o c c u r  b e t w e e n  m i c r o f i b r o u s  a n d  m i c r o g r a n u l a r  
d e p e n d i n g  on o r i e n t a t i o n .  F i b e r s  c a n  be  e i t h e r  l e n g t h  f a s t  
o r  l e n g t h  s l o w ,  a n d  b o t h  c a n  o c c u r  i n  t h e  same r o c k .  
I n d i v i d u a l  f i b e r s  may b e  t w i s t e d  c a u s i n g  v a r i a t i o n s  i n  
e x t i n c t i o n  a l o n g  t h e  f i b e r :  t h e s e  a r e  c a l l e d  " z e b r a i c  
c h a l c e d o n y "  a n d  a r e  g e n e r a l l y  l e n g t h  s l o w .  Z e b r a i c  
c h a l c e d o n y  i s  t h o u g h t  ( b y  P i t t m a n  a n d  F o l k ,  N a t u r e  P h y s .  
Sc i . ,  1 9 7 1 )  t o  h a v e  f o r m e d  b y  r e p l a c e m e n t  o f  s u l f a t e  
e v a p o r i t e  m i n e r a l s .  C h a l c e d o n y  a l s o  f o r m s  i n  t u f f a c e o u s  
s a n d s t o n e  a s  a  d e v i t r i f i c a t i o n  p r o d u c t  o f  o p a l L i n e  s i l i c a .  
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c a r b o n a t e  : 

C a r b o n a t e  c e m e n t s  a r e  common, a b u n d a n t ,  a n d  v a r i e d :  t h e y  
a re  b e s t  s t u d i e d  u s i n g  t h i n  s e c t i o n s  s p e c i a l l y  s t a i n e d  f o r  
d i f f e r e n t  c a r b o n a t e  c a t i o n s .  C a l c i t e ,  a r a g o n i t e ,  d o l o m i t e ,  
s i d e r i t e ,  a n d  a n k e r i t e  a r e  t h e  m o s t  common c a r b o n a t e  
c e m e n t s .  A l l  a r e  c o l o r l e s s  (when  u n a l t e r e d ) ,  a n d  h a v e  
extreme r e l i e f  and,  b i r e f r i n g e n c e .  C a l c i t e  h a s  p e r f e c t  
r h o m b o h e d r a 1  c l e a v a g e  a n d  l a m e l l a r  t w i n n i n g .  C a l c i t e  c e m e n t  
c a n  o c c u r  a s  o p t i c a l l y  c o n t i n u o u s  o v e r g r o w t h s  on c a r b o n a t e  
g r a i n s ,  o r  a s  a  p o r e  f i l l i n g  c e m e n t .  C r y s t a l l o g r a p h i c a l l y  
c o n t i n u o u s  c a l c i t e  may s u r r o u n d  s e v e r a l  g r a i n s  p r o d u c i n g  a  
p o i k i l o t o p i c  t e x t u r e .  D o l o m i t e ,  s i d e r i t e  a n d  a n k e r i t e  may 
a l l  r e s e m b l e  c a l c i t e ,  b u t  more  c l a s s i c a l l y l  o c c u r  a s  s m a l l  
e u h e d r a l  t o  s u b h e d r a l  rhombs .  A r a g o n i t e  i s  b i a x i a l ,  h a s  
p a r a l l e l  e x t i n c t i o n ,  a n d  e l o n g a t e  o r  f i b r o u s  g r a i n s  a r e  
l e n g t h  f a s t .  Most commonly o c c u r s  a s  d e n s l y  p a c k e d  
r a d i a t i n g  f i b r o u s  a g g r e g a t e s r  b u t  c a n  a l s o  o c c u r  a s  
e l o n g a t e  p s e u d o h e x a g o n a l  c r y s t a l s .  C a l c i t e  p s e u d o m o r p h s  
a f t e r  a g a g o n i t e  a r e  common. I f  y o u  r e a l l y  w a n t  t o  know w h a t  
t y p e  o f  c a r b o n a t e  i t  i s ,  u s e  s t a i n s ,  x - r a y ,  o r  p r o b e .  , 

h e m a t i t e :  

Hematite i s  o p a q u e  a n d  a p p e a r s  b l a c k  i n  p l a n e  l i g h t  a n d  
w i t h  c r o s s e d  n i c o l s ,  when i t  i s  a s  t h i c k  a s  t h e  t h i n  
s e c t i o n .  However ,  h e m a t i t e  commonly f o r m s  v e r y  t h i n  
c o a t i n g s  on d e t r i t a l  g r a i n s ,  a n d  h a s  a  t r a n s l u c e n t  r e d  o r  
r u s t y  o r a n g e  c o l o r .  Even l a r g e  h e m a t i t e  z o n e s  a p p e a r  r e d  i n  
r e f l e c t e d  l i g h t  ( t u r n  down, o r  o f f ,  t h e  t r a n s m i t t e d  l i g h t  
s o u r c e ,  a n d  s h i n e  a  h i g h  i n t e n s i t y  l i g h t  down on t h e  t h i n  
s e c t i o n ;  h e m a t i t e ,  i f  p r e s e n t ,  s h o u l d  s t a n d  o u t  c l e a r l y .  

c l a y  m i n e r a l s :  

A u t h i g e n i c  c l a y e y  m a t e r i a l  g rown i n  o r i g i n a l l y  open  p o r s  
s p a c e  d u r i n g  d i a g e n e s i s .  E i t h e r  c l ea r  a n d  homogeneous  
( p h y l o s i l i c a t e  c e m e n t  o f  D i c k i n s o n ,  1 9 7 0 ) t  o r  murky a n d  
p o l y m i n e r a l i c  ( e p i m a t r i x  o f  D i c k i n s o n ,  1 9 7 0 ) .  A u t h i g e n i c  
c l a y  m i n e r a l s  a r e  b e s t  r e c o g n i z e d  by t h e i r  r a d i a l  g r o w t h  
p a t t e r n s  i n t o  p o r e  s p a c e  a n d  a r o u n d  d e t r i t a l  g r a i n s r  a n d  by 
t h e  p r e s e n c e  o f  m e d i a l  s u t u r e s  w i t h i n  t h e  i n t e r s t i t i a l  
p h y l l o s i l i c a t e  w h i c h  i n d i c a t e  t h e  l i n e s  o f  j u n c t u r e  o f  pore , :  
f i l l i n g  c r y s t a l s  g r o w i n g  i n w a r d  f r o m  s u r r o u n d i n g  f r a m e w o r k  
g r a i n s .  

g l a u c o n y :  

A f a m i l y  o f  g e n e r a l l y  r o u n d  g r e e n  g r a i n s  composed o f  o n e  o r  
more  o f  t h e  f o l l o w i n g  m i n e r a l s :  c h l o r i t e ,  g l a u c o n i t e ,  
s k o l i t e ,  c e l a d o n i t e ,  b e r t h i e r i n e ,  c h a m o s i t e ,  and  smect i te .  
G l a u c o n y  f o r m  by d i a g e n e t i c  r e p l a c e m e n t  o f  g e n e r a l l y  p o r o u s  
d e t r i t a l  g r a i n s  s u c h  a s  f e c a l  p e l l e t s  , b i o g e n i c  c a r b o n a t e  
d e b r i s ,  m i c r o f o s s i l s  ( i n t e r n a l  m o l d s ) ,  m i n e r a l  g r a i n s ,  a n d  
r o c k  f r a g m e n t s .  G l a u c o n y  f o r m s  o n l y  i n  t h e  m a r i n e  
e n v i r o n m e n t .  G r a i n s  a r e  g r e e n  t o  brown i n  p l a n e  l i g h t ,  a n d  
h a v e  a m o t t l e d  a p p e a r a n c e  i n  c r o s s e d  n i c c o l s  t h a t  d o e s n ' t  
h a v e  a d i s t i n c t  e x t i n c t i o n  p o s i t i o n .  

p.  18 
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s u l f a t e s :  

The m o s t  common s u l f a t e  c e m e n t i n g  m i n e r a l s  a r e  a n h y d r i t e  
a n d  gypsum. A n h y d r i t e  is b i a x i a l !  h a s  m o d e r a t e  r e l i e f ,  h i g h  
b i r e f r i n g e n c e !  a n d  h a s  3 p e r f e c t  c l e a v a g e s .  Gypsum h a s  
m o d e r a t e  t o  low n e g a t i v e  r e l i e f !  low b i r e g r i n g e n c e !  a n d  3 
d i r e c t i o n s  o f  c l e a v a g e .  Bo th  m i n e r a l s  g e n e r a l l y  fo rm 
a n h e d r a l  p o i k i l o t o p i c  c r y s t a l s  s u r r o u n d i n g  s e v e r a l  d e t r i t a l  
g r a i n s .  

o t h e r  o r  u n d i f f e r e n t i a t e d  c e m e n t :  

Any s u b m e t a m o r p h i c  a u t h i g e n i c  m a t e r i a l .  T h i s  c a t e g o r y  i s  
g e n e r a l l y  u s e d  o n l y  f o r  r e c o n n i a s s a n c e  p o i n t  c o u n t s  o r  f o r  
t a b u l a t i n g  d a t a  f r o m  o t h e r  s o u r c e s .  

METAMORPHIC MINERALS 

g e n e r a l l y  r e p l a c i v e  m i n e r a l s  a n d  a l t e r a t i o n  p r o d u c t s .  

z e o l i t e :  

C o l o r l e s s t  low r e l i e f  low t o  v e r y  low b i r e f r i n g e n c e ,  
b l o c k y !  b l a d e d !  a c i c u l a r  o r  f i b r o u s  h a b i t ,  commonly w i t h  
g o o d  c l e a v a g e .  

a l b i t e :  

C o l o r l e s s t  low r e l i e f ,  low b i r e f r i n g e n c e ,  g o o d  c l e a v a g e !  
commonly t w i n n e d .  Forms a s  a n h e d r a l  p o r e  f i l l i n g ,  
o v e r g r o w t h s  o n  e x i s t i n g  f e l d s p a r  g r a i n s !  o r  a s  t h e  
r e p l a c e m e n t  o f  more  Ca- o r  K - r i c h  f e l d s p a r .  A l b i t e  
r e p l a c e m e n t  o f  m i c r o c l i n e  may p r o d u c e  a t w i n n e d  g r a i n  w i t h  
a c h e s s b o a r d  a p p e a r a n c e .  

c h l o r i t e :  

G r e e n !  commonly p l e o c h r o i c t  v e r y  l o w r  o f t e n  a n o m a l o u s  
b i r e f r i n g e n c e  e n c e ,  t y p i c a l l y  f o r m s  f i b r o u s  r a d i a l  
a g g r e g a t e s .  

b i o t i t e :  

Brown, p l e o c h r o i c ,  b i r d s e y e  e x t i n c t i o n !  m i c a c e o u s  h a b i t .  

w h i t e  mica :  

C o l o r l e s s  t o  v e r y  l i g h t  g r e e n ,  m o d e r a t e  r e l i e f ,  h i g h  b i r e -  
f r i n g e n c e !  ' m i c a c e o u s  h a b i t .  I n c l u d e s  p a r a g o n i t e  ( ~ a - r i c h ) ,  
m u s c o v i t e  ( K - r i c h ) !  p h e n g i t e  ( ~ 1 - p o o r ) ,  t a l c  ( ~ g - r i c h ) !  a n d  
s e r i c i t e  ( u n d i f f e r e n t i a t e d  v e r y  f i n e  g r a i n e d  w h i t e  m i c a ) .  

e p i d o t e :  

C o l o r l e s s  t o  p a l e  y e l l o w r  y e l l o w  v a r i e t i e s  a r e  p l e ~ c h r o i ~ ~  
h i g h  r e l i e f ,  m o d e r a t e  b i r e f r i n g e n c e  (commonly  w i t h  a  
s t a i n e d  g l a s s  window a p p e a r a n c e ) .  E l o n g a t i o n  p a r a l l e l  t o  b  
= Y y i e l d s  b o t h  l e n g t h - f a s t  a n d  l e n g t h - s l o w  c r y s t a l s  i n  t h e  
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same r o c k .  I n c i p i e n t  e p i d o t e  commonly f o r m s  medium g r a y  
c r y p t o c r y s t a l l i n e  m a t s  w i t h  a m y r i a d  o f  t i n y  m o d e r a t e l y  
b i r e f r i n g e n t  p o i n t s  

c l i n o z o i s i t e :  

C o l o r l e s s t  h i g h  r e l i e f l  low b i r e f r i n g e n c e  (commonly  
a n o m a 1 o u s ) ,  p a r a l l e l  e x t i n c t i o n  i n  e l o n g a t e  s e c t i o n s ,  
e l o n g a t i o n  p a r a l l e l  t o  b  = Y .  

z o i s i t e :  

C o l o r l e s s r  h i g h  r e l i e f l  m o d e r a t l e y  low b i r e f r i n g e n c e  
(commonly a n o m a l o u ~ ) ~  p a r a l l e l  e x t i n c t i o n .  

p r e h n i t e :  

C 0 1 0 r l e s s ~  commonly m u r k y r  g o o d  c l e a v a g e r  m o d e r a t e  
b i r e f r i n g e n c e  ( o f t e n  a n o m a l ~ u s ) ~  a n d  p a r a l l e l  e x t i n c t i o n .  
Forms a n h e d r a l  c r y s t a l s  i n  v e i n s  b u t  u s u a l l y  f o r m s  e l o n g a t e  
c r y s t a l s  i n  s h e a f - l i k e  a g g r e g a t e s  ( b o w - t i e  s t r u c t u r e ) .  

p u m p e l l y i t e :  

C o l o r l e s s  t o  a p p l e  g r e e n  o r  b l u e  g r e e n  p l e o c h r o i s m t  
m o d e r a t e l y  h i g h  r e l i e f ,  m o d e r a t e l y  low b i r e f r i n g e n c e .  Forms 
a c i c u l a r t  f i b r o u s l  o r  b l a d e d  c r y s t a l s ,  g e n e r a l l y  i n  
a g g r e g a t e s  w i t h  v a r i o u s  o r i e n t a t i o n s .  T y p i c a l l y  e l o n g a t e s  
p a r a l l e l  t o  b  = Y .  

a c t i n o l i t e :  

C o l o r l e s s  t o  p a l e  g r e e n  p l e o c h r o i s m l  m o d e r a t e  r e l i e f r  
m o d e r a t e  b i r e f r i n g e n c e ,  a m p h i b o l e  c l e a v a g e .  T y p i c a l l y  f o r m s  
a c i c u l a r  o r  f i b r o u s  c r y s t a l s .  

g l a u c o p h a n e :  

C o l o r l e s s  t o  s h a d e s  o f  b l u e  a n d  p u r p l e  p l e o c h r a i s m t  
m o d e r a t e  r e l i e f ,  m o d e r a t l e y  low t o  m o d e r a t e  b i r e f r i n g e n c e ,  
a m p h i b o l e  c l e a v a g e .  

l a w s o n i t e :  

C o l o r l e s s  t o  l i g h t  b l u e - g r e e n ,  m o d e r a t e  b i r e f r i n g e n c e ,  
p a r a l l e l  e x t i n c t i o n !  2 -D  ' c l e a v a g e l  2 s e t s  o f  l a m e l l a r  
t w i n s t  commonly e u h e d r a l  p r i s m a t i c !  t a b u l a r  o r  r h o m b i c  
c r y s t a l s .  

j a d i t e :  

C o l o r l e s s  t o  v e r y  l i g h t  g r e e n l  m o d e r a t e  r e l i e f r  m o d e r a t e l y  
l o w  b i r e f r i n g e n c e  (commonly a n o m a l o u ~ ) ~  c o a r s e  g r a n u l a r  o r  
f i b r o u s  a g g r e g a t e s  a r e  m o s t  common a n d  t y p i c a l l y  fo rm 
p o r p h y r o b l a s t s .  
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o t h e r  m e t a m o r p h i c  m i n e r a l s :  

Any m e t a m o r p h i c  m i n e r a l  n o t  l i s t e d  a b o v e .  T a b u a l a t e  t h e  
o c c u r r e n c e  o f  e a c h  r e c o g n i z a b l e  m i n e r a l  s e p a r a t e l y .  

OVERSIZE GRAINS ( A l l  g r a i n s  g r e a t e r  t h a n  2 mm d i a m e t e r )  

n e o v o l c a n i c :  " 

N e o v o l c a n i c  g r a i n s  a r e  p r o d u c e d  by v o l c a n i s m  
c o n t e m p o r a n e o u s  w i t h  s e d i m e n t a t i o n ,  a n d  c a n  b e  e i t h e r  
i n t r a b a s i n a l  o r  e x t r a b a s i n a l .  I n  m o s t  c a s e s ,  i t  i s  
d i f f i c u l t  t o  d i s t i n g u i s h  n e o v o l c a n i c  g r a i n s  f r o m  
p a l o e v o l c a n i c  g r a i n s  e r o d e d  f r o m  p r e - e x i s t i n g  v o l c a n i c  
o u t c r o p .  O u t s i z e d  v o l c a n i c  c l a s t s ,  e s p e c i a l l y  when f r e s h e r  
a n d  more a n g u l a r  t h a n  v o l c a n i c  g r a i n s  o f  t h e  moda l  g r a i n  
s i z e  is  o n e  c l u e  t o  a  n e o v o l c a n i c  o r i g i n .  O v e r s i z e  
n e o v o l c a n i c  g r a i n s  were p r o b a b l y  i n t r o d u c e d  i n t o  t h e  
d e p o s i t i o n a l  b a s i n  by a  d i f f e r e n t  mode o f  t r a n s p o r t a t i o n  
t h a n  t h e  modal  s a n d  - g r a i n s ;  f o r  e x a m p l e  a i r  f a l l  a s h  i n  a 
f l u v i a l  o r  m a r i n e  d e p o s i t i o n a l  e n v i r o n m e n t .  A n o t h e r  c l u e  t o  
a n e o v o l c a n i c  o r i g i n  is  a  h i g h  p e r c e n t a g e  o f  v o l c a n i c  
g r a i n s  a t  c e r t a i n  s t r a t i g r a p h i c  n o r i z o n s .  

c a r b o n a t e  r i p - u p s :  

C a r b o n a t e  r i p - u p s  a r e  most common i n  t h e  m a r i n e  e n v i r o n m e n t  
w h e r e  s h e l f  c a r b o n a t e  mud i s  r i p p e d - u p  by s t o r m e s ,  
l a n d s l i d e s ,  o r  t u r b i d i t y  c u r r e n t s ,  a n d  i n c o r p o r a t e d  i n  a  
s a n d y  d e p o s i t  a s  o v e r s i z e d  g r a i n s .  

c l a s t i c  r i p - u p s :  

S h a l e  c h i p s  r i p p e d - u p  f r o m  o v e r b a n k  a n d  1 e v e e . a r e a s  b y  
c a t a s t r o p h i c  f l o w  a r e  common i n  t u r b i d i t y  c u r r e n t  d e p o s i t s ,  
b u t  a l s o  o c c u r  i n  f l u v i a l  d e p o s i t s .  

s h e l l  f r a g m e n t s :  

S h e l l  f r a g m e n t s  c a n  b e  e i t h e r  i n t r a b a s i n a l  o r  e x t r a b a s i n a l ,  
h o w e v e r  o v e r s i z e d  s h e l l  m a t e r i a l  is g e n e r a l l y  i n t r a b a s i n a l .  

d e t r i t a l  p e b b l e s :  

D e t r i t a l  p e b b l e s  i n c l u d e  a n y  g r a i n s  g r e a t e r  t h a n  o r  e q u a l  
t o  2.00 mm i n  d i a m e t e r  t h a t  d o e s n ' t  b e l o n g  t o  o n e  o f  t h e  
a b o v e  o v e r s i z e  c a t a g o r i e s .  T h e y  g e n e r a l l y  h a s  s i m i l a r  
r o u n d i n g ,  c o m p o s i t i o n ,  a n d  a l t e r a t i o n  c h a r a c t e r i s t i c s  t o  
t h e i r  s a n d  ' s i z e  c o u n t e r p a r t .  

o t h e r  o r  u n d i f f e r e n t i a t e d  o v e r s i z e  g r a i n s :  

I n c l u d e s  a n y  d i s t i n c t i v e  o v e r s i z e  c l a s t  t y p e  n o t  
s p e c i f i c a l l y  l i s t e d  a b o v e .  T a b u l a t e  t h e  o c c u r r e n c e  o f  e a c h  
r e c o g n i z a b l e  g r a i n  c a t e g o r y  s e p a r a t e l y .  
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P O I N T  COUNT C A T E G O R I E S  WITH FORMULAS U S E D  TO 
C A L C U L A T E  SUMMARY P E R C E N T A G E S  AND R A T I O S  

SAEPLE NUMBER 
Map Number 
Quadrangle 
L a t l t u d e  (deg mln) , 
Longl tude (deg mln) 
Co 1 I ected by 
P o i n t  Counted by 
 ROC^ u n i t  

QUARTZ 
Quar tz ,  monocrys ta t l \ne ,  undulose 
Quartz,  monocrystal l l ne ,  s t r a i g h t  
Quar tz ,  p o l y c r y s t a l l l n e ,  equlgranutar 
Quartz,  p o l y c r y s t a l  I lne, f o l  la ted  
Quar tz ,  po l yc rys ta  1 1 1 ne, coarse 
Quartz,  u n d l f f e r e n t l a t e d  

FELDSPAR 
Potasslum fe ldspa r  
P l u t o n l c  fe ldspar  
P lagloclase,  unzoned, A - t w  Ins 
P lag loc  lase, unzoned, C - t w  Ins 
P lagloclase,  unzoned, untw Inned 
P lag loc lase,  zoned 
P lag loc lase,  u n d l f f e r e n t l a t e d  
Feldspar, u n d l f f e r e n t l a t e d  
A l te red  fe ldspar  

SEDIMENTARY ROO( FRPGMENTS 
M l c r o c r y s t a I l l n e  quar tz  ( che r t )  
Rad lo la r l an  che r t  
Fo 1 1 a ted c h e r t  
F l brous che r t  
Probable cher ty  g ra l  ns 
Cherty a r g l l l l t e  
Arg i  1 1 l t e  
S l  l t s t o n e  
Sandstone 
S la te /sha le  
Carbonate 
Coal /organlc d e t r l t u s  
Probable sedimentary rock fragment 
Other o r  u n d l f f e r e n t l a t e d  SRF 

VOLCANIC ROO( FRPGMENTS 
Vltrlc/cryptocrystaIllne VRF 
M1croc rys ta I f I ne  f e l s l c  VRF 
Mlcrogranu lar  f e l s l c  VRF 
M l c r o l l t l c  VRF 
Lathwork VRF 
Ma+ l c VRF 
T u f f  aceous VRF 
A l t e r e d  VRF 
Probable vo l can l c  rock  fragment 
Other o r  u n d l f f e r e n t l a t e d  VRF 

MTAMOWHIC ROW FRPGMENTS 
U n f o l l a t e d  me tac las t l c  
Quartz-mica phy 1 1  l t e  
~ u a r t z - m i c a  sch ls t /gne lss  
Greenstone. 
Green phy 1 1  l t e  
GreenschIst /amph1bI! te 
Ho rn fe l s  
Probable MRF 
Other o r  u n d l f f e r e n t l a t e d  FRF 

62 PLUTONIC ROO( FRXMENTS 
63 Quar tz - fe ldspar  aggregate 
64 Feldspar-fe ldspar aggregate 
65 Maf l c  PRF 
66 Probable PRF 
67 Other o r  undl f f e r e n t l a t e d  PRF 
68 OETR I TAL M I  NERALS 
69 B l o t l t e  

Whlte mlca 
Ch l o r l t e  
C I l nopyroxene 
Amphibole 
Garnet 
Z 1 rcon 
Tou rma 1 l ne 
Rut1 l e  
Other m l  nera ls  
lndetermlnant a ra lns  - 

MATRIX 
M a t m  It 
Matr ix--argl  1 laceous 
Pseudomatr I x  
Mat r lx .  other o r  u n d l f f e r e n t f a t e d  

cement--carbonate 
Cement--hemat I t e  
Cement-c lay m l  nera I s  
Cement--su I f  a tes  
G I aucony 
Cement. o ther  o r  u n d l f f e r e n t l a t e d  

M E T A ~ R P H I C  MINERALS 
Z e d  l t e  
A l b i t e  
C h l o r i t e  
B l o t l t e  
Whlte mlca 
Ep l d o t e  
C l l n o z o l s l t e  
Z o l s l t e  
Prehn 1 t e  
Pumpel l y l t e  
A c t l n o l  l t e  
G laucophane 
Lawson l t e  
J a d l t e  
Other metamor~hic mlnera 1s - 

109 ' OVERS 1 ZE GRAINS 
110 Overs lze--neovolcanl c 
1 1  1 Overs lze--carbonate r 1 p u p  
112 Oversize--c last lc  r lp -up 
113 Overstze--shell  fragment 
114 D e t r l t a l  pebble 
115 Other overs lze  g ra ln  
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TOTALS 
TOTAL DETR l TAL SAND GRAINS----------- 
TOTAL MATR 1 X---------------- 
TOTAL CEMENT------------------ 

TOTAL METAWRPH I C M I  NERAL %------- 

TOTAL OVERS I ZE GRA LNS------------ 

TOTAL POINTS COUNTED------------ 
PERCENTAGES 

O e t r l t a l  g ra ins  ---------------- 
Cement --------------------- 
Metamorphic rnlnerals ----------- 
Oversize g ra lns  ------------- 
V"' 

Qms (straight e x t l n c t l o n )  ------- 
@nu (undulose e x t l n c t l o n )  --------- 
Qp --------------------------- 
C ( c h e r t )  ---------------- 
Qp* (Qp + C) ---------------- 
Q i t o t a  I quar tz  ) ------------- 
Q* ( t o t a l  quar tz  + cher t )  ------ 
K ( potass I um f e I dspar ) ------- 
K* (K + p l u t o n l c  fe ldspar )  ------ 
P (p lag loc lase )  ------------ 
Pz (zoned p lag loc lase)  -------- 
Puz (unzoned p lag loc lase)  ------- 
F ( t o t a l  fe ldspar  gra lns)  ----- 
Ls- (SRF - C) ----------- 
Ls+ ( SRF + C) --------- 
~ s *  (Ls- + Lms) ---------- 
L v f  ( f e l s l c  VRF) ---------- 
Lvm (mat f c  and fntermedlate ' J R F )  --- 
Lv ( t o t a l  vo i can l c  rock fragments) - 
Lv* (Lv + Lmv) --------- 
Lms (metasedlmentary rock fragments)- 
Lmv (me tavo i can~c  rock fragments) - 
Lm ( t o t a l  metamorphic rock fragments)- 
Lp ( p l u t o n l c  rock f r a g m n t s )  -- 
L I  (Igneous; Lv + Lp) ----- 
L (Ls+ + Lv + Lm + Lp) ----- 
L- (Ls- + Lv + Lm + LP) - 
L t  (Qp* + Ls- + Lv + Lm + Lp) -- 

FORMJLAS 
SUM( I 0  t h r u  79) 

SUM(81 t h r u  84) 
SUM(86 t h r u  92) 
SUM(94 t h r u  108) 

SUM(l10 t h r u  115) 

SUM(117 t h r u  123) 

(119)/(124)*100 
(120)/(124)*100 
(121)/(124)*100 
(122)/(124)*100 
(123)/(124)*100 

(1  17) / (  124)*100 
SUM(10 t h r u  1 1  ) / (119)*100 
( 1  I I / (  1 l9)*100 

( l o ) / (  119)*100 

SUM(l2 t h r u  14)/ (  119)*100 
SUM(27 t h r u  3 1 ) / (  119)*100 
SUM( 135 + 136) 
SUM( I 0  t h r u  15) / (  119)*100 
SUM( 136 + 138) 
(171/(1191*100 
SUM( 17 + 18)/( 119)*100 
SUM( 19 t h r u  23 ) / (  119)*100 

(22)/(119)*100 
SUM( 19 t h r u  21 ) / (  119)*100 

'SUM( 17 t h r u  25 ) / (  119)*100 

SUM(32 t h r u  40) / (  119)*100 

SUM(27 t h r u  40)/ (  119)*100 
SUM(32 t h r u  40 t 53 t h r u  55)/ (  119)*100 

SUM(42 t h r u  44) / (  119)*100 
 SUM(^^ t h r u  4 a j / (  i 19)*10o 
SUM(42 t h r u  S t ) / (  119)*100 
SUM(42 t h r u  51 + 56 t h r u  58)/(119)*100 
SUM(53 t h r u  55)/(119)*100 
SUM(56 t h r u  58)/(119)*100 
SUM(53 t h r u  61 I / (  119)*100 

SUM(63 t h r u  67)/(119)*100 
SUM(I51 + 156) 
SUM(147 + 157 + 155) 

SUM(146 + 157 + 155) 
SUM(137 + 1 4 6 +  157 + 155) 
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RAT l OS FORMULAS 
Q (Q:F:L) ------------------ ( I ~ ~ ) / s u M ( I ~ ~  + 145 + i 5 ~ ) * i o o  
F (Q:F:L) ------------------- (145)/SUM(133 + 145 + 158)*100 

L (Q:F:L) --------------- ( 158)/SUM(133 + 145 + 158)*100 
Q* (Q* : F: L- ) --------------- (139)/S~M(139 + 145 + 159)*100 
F (Q*:F:L-) --------------- (145)/S~M(139 + 145 + 159)*100 

L- (Q*:F:L-1 ------------------- (159)/SUM(133 + 145 + 159)*100 
gm (Qm:F:Lt) ---------------- - ( 132)/SUM( 132 + 145 + 160)*100 
F (Qm:F:Lt) ------------------ (145)/SUM(132 + 145 + 160)*100 

L t  (Qm:F:Lt) ------------------- (160)/SUM(132 + 145 + 160)*100 

gp ( Q ~ : L V * : L S * )  ----------------- (137)/SUM(137 + 152 + 148)*100 

L V *  ( g p : ~ v * : ~ s * )  ---------------- (152)/SUM(137 + 152 - 148)*100 

LS*  ( Q ~ : L V * : L S * )  ----------------- ( I ~ ~ ) / s u M ( I J ~  + 152 + i ~ a ) * ~ o o  
Q ~ S  ( ~ m s : ~ m u : ~ p )  --------------- (133)/SUM(133 + 154 + 135)*100 

Qmu ( Q ~ s  : Q ~ u  :Q p ) ------------ (134)/SUM(133 + 134 + 135)*100 
Qms (Qms:Qmu:Qp) --------------- ( 135)/SUM( 133 + 134 + 135)* 100 

(Qm:p :K ) ----------------- (132)/SUM(132 + 142 + 140)*100 

P (Qm:P:K) ------------------ (142)/SUM(132 + 142 + 140)*100 
K (Om :p :K ) ------------------- (140)/SUM(132 + 142 + 140)*100 

Qm (Qm:P:Kf ----------------- (132)/SUM( 132 + 142 + 14 1)*100 

P (Qin:P:K1) ---------------- (142)/SUM(132 + 142 + 141)*100 

K* (Qm:P:K*) -------------- (141)/SUM(132 + 142 + 141)*100 
K* (K* :p z: puz)  ---------------- (141)/SUM(IJI + 143 + 144)*100 

PZ (K*:Pz:Puz) ------------- (143)/SUM(141 + 143 + 144)*100 

PUZ (K':Pz:Put) ----------- (144)/SUM(141 + 143 + 144)*100 
Lv (Lv:Ls+:Lm) ----------------- (I51)/SUM(151 + 147 + 155)*100 

LS+ ( ~ v : L s + : ~ m )  ----------- (147)/SUM(151 + 147 + 155)*100 

Lm (Lv:Ls+:Lm) ------------ (155)/SUM(151 + 147 + 155)*100 

Lv (Lv:Ls-:Lm) -------------- (151)/SUM(151 + 146 + 155)*100 
Ls- (Lv:Ls-:Lm) ----------- (146)/SUM(151 + 146 + 155)*100 
Lm (Lv:Ls-:Lm) -------- (155)/SUM(151 + I 4 6  + 155)*100 

L l  (LI:Ls+:Lm) ------- (157)/SUM(157 + 147 + 155)*100 
Ls+ (Ll:Ls+:Lm) -------- (147)/SUM(157 + 147 + 155)*100 
Lm (Ll:Ls+:Lm) ----------- (155)/SUM(157 + 147 + 155)*100 

Framework (Framework:MatrIx:Cement) -- (119)/SUM(119 + 120 + 121)*100 
Ma t r l x  (Framework:MatrIx:Cement) - (120)/SUM(119 + 120 + 121)*100 
Cement (Framew0rk:Matrtx:Cement) - (121)/SUM019 + 120 + 121)*100 
C/o* ---------------- (136)/(139) 
Q ~ * / Q *  -------------- (137)/(139) 

P/F ---- ---- (142)/( 145) 
Lv/L ----------- ( 15 1 ) / ( 158 

Lv /L t  ------------ (151)/( t60) 
A l t e r a t t o n  Index -------- SUMC25 + 49)/SUM( 17 t h r u  25 + 42 t h r u  5 "  
Gazzi-Otcklnson Factor  ------ SUM(14 + 35 + 55 + 58 + 63 t h r u  67)/119 

C tw lns f l o ta l  P lag loc lase  ---- (ZO)/(SUM(19 t h r u  23) 

Zonedflotai P lag loc lase  --------- (22)/(SUM(19 t h r u  23) 

207 SUMMARY 
208 QUARTZ (Q) ------------- 138 

209 FELDSPAR (F )  ------------- 145 

210 SEDIMENTARY ROCX FRPGMENTS (Ls+) ---- 147 
21 1 VOLCANIC ROCK FRPGMENTS (Lv)  ----- 15 1 
212 METAK)WHIC ROCX FRAGMENTS (Lm) --- 155 
213 PLUTONIC ROCK FRPGMENTS (Lp) ----- 156 
214 OTHER DETRl TAL MINERALS --------- SUM(69 t h r u  79)/  1 19*100 

2 15 TOTAL ---------- SUM(208 t h r u  21 4) 



POINT COUNT P R O C E D U R E  
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T R I A N G U L A R  C O - O R D I N A T E  KeE LEUFFEL (L ESSEH co u ~ o k  hr u , r  

SANDSTONE CLASSIFICATION 
1. quartz sandstone 
2. feldspathic quartz sandstone 
3. lithic quartz sandstone 
4. quartzose feldspathic sandstone 
5. quartzose lithic sandstone 
6. feldspathic sandstone 
7. lithofeldspathic sandstone 
8. feldspatholithic sandstone 
9. lithic sandstone 
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Q - Quartz 
F - Feldspar 
L - Lithic Fragments 





10% - 25% sub-sand size matrix, modify with 
argillaceous (clay/silt 2/  1) 
mudd (clay/silt 2/ 1 and 1/21 
silty ? clay/silt 1 /2) 

Ex: argillaceous lithic sandstone 

25% - 50% sub-sand size matrix, modify with 
very argillaceous 
very muddy 
very silty 

Ex: very silty lithic sandstone 

MATRIX TERMINOLOGY 


