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SUMMARY 

T h i s  r e p o r t  i s  t h e  p r o d u c t  o f  a  m o d e l  a n a l y s i s  o f  s a n d s t o n e  
c l a s t s  f rom c o b b l e  c o n g l o m e r a t e ,  f rom t h e  Wiseman q u a d r a n g l e ,  
A l a s k a .  

The model  a n a l y s i s  d e t e r m i n e d  t h a t  a  p r o p o s e d  s o u r c e  was 
i n v a l i d  and t h e  t e c t o n i c  s e t t i n g  o f  t h e  s o u r c e  o f  t h e  c l a s t s  i s  
a  r e c y c l e d  o r o g e n i c  p r o v e n a n c e .  The c l a s t s  a r e  i n t e r p r e t e d  t o  
come f rom a  f o r e l a n d  b a s i n ,  a d j a c e n t  t o  a  f o l d e d - t h r u s t  b e l t .  
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Through  a  d e t a i l e d  a n a l y s i s  o f  e i g h t  s a n d s t o n e  t h i n  

s e c t i o n s ,  made f r o m  c o b b l e  c o n g l o m e r a t e  c l a s t s ,  t h e  v a l i d i t y  o f  

a  p r o p o s e d  s o u r c e  a n d  t h e  t e c t o n i c  p r o v e n a n c e  was  d e t e r m i n e d .  

The s a m p l e s  were c o l l e c t e d  i n  t h e  Wiseman q u a d r a n g l e  o f  

A l a s k a ,  o f f  t h e  s o u t h e r n  f l a n k  o f  t h e  B r o o k s  Range.  

The c l a s t s  were q u a n t i t a t i v e l y  a n a l y z e d  by a  model  
. 1' , . 

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

c o u n t  method a n d  was a n a l y z e d  on s t a n d a r d  t e r n a r y  d i a g r a m s .  

The p r o p o s e d  s o u r c e  was f o u n d  t o  d i v e r g e  f r o m  t h e  d o m i n a n t  

l i t h o l o g y  of  t h e  c l a s t ;  t h u s ,  t h e i r  v a l i d i t y  a s  t h e  s o u r c e  o f  

t h e  c l a s t s  i s  n o t  v a l i d .  . . 

The c l a s t s  w e r e  p l o t t e d  on D i c k i n s o n  ( 1 9 8 5 )  c o m p o s i t i o n a l  

f i e l d  d i a g r a m s .  The t e c t o n i c  s e t t i n g  f o r  t h e  s o u r c e  o f  t h e  

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

c o m p o s i t i o n  r e f l e c t e d  a  p e r i p h e r a l  f o r e l a n d  b a s i n  a d j a c e n t  t o  a  

f o l d - t h r u s t  b e l t .  The  d e t r i t a l  r o c k  f r a g m e n t s  r e f l e c t  a  

s e d i m e n t a r y  and m e t a s e d i m e n t a r y  s o u r c e .  



The knowledge  o f  s a n d s t o n e  p r o v e n a n c e  i s  v i t a l  t o  t h e  

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

s u m m a r i z e s  t h e  r e s u l t s  o f  a  model  a n a l y s i s  o f  a  s u i t e  of  

s a n d s t o n e  c o b b l e s  c o l l e c t e d  f rom p o l y m i c t i c  c o n g l o m e r a t e .  The 

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

Yukon-Koyukuk b a s i n ,  b e t w e e n  t h e  Brooks  and Ruby Ranges .  The 

s a n d s t o n e  c o b b l e s  were s u g g e s t e d ,  by John  D i l l o n  o f  t h e  A l a s k a  

D i v i s i o n  o f  G e o l o g i c a l  and  G e o p h y s i c a l  S u r v e y s  ( p e r s o n a l  

c o m m u n i c a t i o n ) ,  t o  h a v e  b e e n  d e r i v e d  f rom t h e  mono-metamorphic  

g r a y w a c k e  b e l t  a l o n g  t h e  s o u t h  f l a n k  o f  t h e  B r o o k s  Range.  The 

o b j e c t i v e  of  t h i s  s t u d y  i s ,  1 )  t o  compare  c o m p o s i t i o n a l l y  t h e  

c o n g l o m e r a t e  c l a s t s  t o  t h e  p r o p o s e d  s o u t h e r n  B r o o k s  Range s o u r c e  

a n d  2) t o  d e t e r m i n e  t h e  t e c t o n i c  s e t t i n g  o f  t h e  s o u r c e ,  f o r  t h e  

c l a s t s .  

The s a m p l e s  were c o l l e c t e d  d u r i n g  t h e  summer o f  1985  by 

D e c k e r  and a n a l y z e d  by T i f e n t a l .  The c o b b l e  c l a s t s  were made 

i n t o  t h i n  s e c t i o n s ,  t h a t  w e r e  e a c h  h a l f - s t a i n e d  f o r  K-spar .  

T a b l e  1 and f i g u r e s  1 ,  2 ,  and 3 show t h e  l o c a t i o n  o f  e a c h  

s a m p l e .  



T a b l e  I : S a m p l e  L o c a t i o n  

S a m p l e  Number L o c a t i o n  P h y s i c a l  L o c a t i o n  ................................................................ 
85 JD 401B NE1/4 NE1/4 Left S i d e  M i d d l e  
85 J D  401C NW1/4 NE1/4 F o r k  Koyukuk River 
85 JD 401G S e c .  7 T26N 

T  13W FM. 

NM1/4 NE1/4 R i g h t  S i d e  M i d d l e  
NE1/4 NW1/4 F o r k  Koyukuk River 
S e c .  1 3  T26N 
R14W FM. 

NW1/4 NE1/4 R i g h t  S i d e  M i d d l e  :- 
SW1/4 SW1/4 F o r k  Koyukuk R i v e r  " 

S e c ,  1 4  T26N 
R14W FM. 

85 JD 417A BR NE1/4 NE1/4 E a s t  o f  R o s i e  
NW1/4 N1/2 C r e e k  P a s s  
SEC. 14  T27N 
R12W FM. 

85 JD 418A BR SE1/4 SW1/4 E a s t  o f  R o s i e  
NE1/4 SW1/4 C r e e k  P a s s  
S e c .  1 1  T27N * 

R12W FM. 

NE1/4 NE1/4 E a s t  S i d e  
SW1/4 SW1/4 D a l t o n  Hwy 
S e c  36 T26N 
R13W FM. 

SE1/4  SE1/4  West S i d e  
SE1/4  SW1/4 D a l t o n  Hwy 
S e c  11 T25N 
R13W FM. 



I 
F I G U R E  1, Sample Locat ion,  From U . S . G . S  ., Scale 1 :63 ,360  

Wiseman (A-1) & ( A - 2 )  1970. 
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FIGURE 2 ,  Sample  L o c a t i o n ,  From U.S.G.S.Scale 1:63,360 
Wiseman (A-1)  1970. 



FIGURE 3 ,  Sample L o c a t i o n ,  From U. S . G .S . Sca le  1 : 63,360  
Wiseman (A-1)  1970. 



The modal  a n a l y s i s  was d o n e  u s i n g  t h e  t r a d i t i o n a l  p o i n t  

c o u n t  method ( I n g e r s o l l  and o t h e r ,  1 9 8 4 ) .  The method  c o u n t s  a l l  

p o l y m i n e r a l i c  g r a i n s  a s  r o c k  f r a g m e n t s ,  and f o l l o w s  t h e  

p r o c e d u r e  o u t l i n e d  by D e c k e r  ( 1 9 8 5 ) .  

The t h i n  s e c t i o n s  u s e d  f o r  mode l  a n a l y s i s  were s e l e c t e d  
r -  

b a s e d  on  t h e i r  l a c k  o f  a l t e r a t i o n ,  a u t h i g e n i c  m i n e r a l s  a n d  

f r a c t u r e  f i l l i n g .  T h i s  l a c k  o f  a l t e r a t i o n  was i m p o r t a n t ,  

b e c a u s e ,  o n l y  d e t r i t a l  g r a i n s  were o f  p r o v e n a n c e  i n t e r e s t .  A l l  

t h e  t h i n  s e c t i o n s  had s i m i l a r  s i z e  (0.3mm t o  O.4mm, medium 

g r a i n e d ) .  
. . 

S a m p l e s  o f  t h e  p r o p o s e d  s o u r c e  were c o l l e c t e d  f r o m  n e a r h y  

o u t c r o p s  i n  t h e  s o u t h e r n  Brooks Range. Only r o c k s  h a v i n g  

s i m i l a r  c o m p o s i t i o n s  t o  t h e  c l a s t s ,  and t h u s  b e i n g  p o s s i b l e  

s o u r c e  r o c k ,  w e r e  c o l l e c t e d .  

The c o u n t i n g  method i s  a s  f o l l o w s :  

1 )  One h a l f  m i l l i m e t e r  was d e t e r m i n e d  t o  b e  g r e a t e r  t h e n  90% of  

t h e  g r a i n s  i n  t h e  s t u d y  s u i t e  a n d  was s e l e c t e d  a s  t h e  g r i d  

s p a c i n g .  

2)  D u r i n g  t h e  a n a l y s i s  a  c e l l  c o n c e p t  was u s e d .  T h i s  t e c h n i q u e  

d i v i d e s  e a c h  t h i n  s e c t i o n  i n t o  f o u r  i m a g i n a r y  b l o c k s ,  w i t h  

1 0 0  p o i n t  i n  e a c h  b l o c k .  The  s t r a t e g y  i s  t o  c o u n t  t h e  f i r s t  

c e l l  i n  e a c h  s l i d e ,  t h e n  r e t u r n i n g  t o  t h e  f i r s t  s l i d e ,  and  



c o u n t  t h e  s e c o n d  c e l l  o f  e a c h  s l i d e ,  t h e n  r e p e a t i n g  t h e  

p r o c e s s  u n t i l  400  d e t r i t a l  g r a i n s  a r e  c o u n t e d .  T h i s  c e l l  

me thod  w i l l  a v e r a g e  o u t  t h e  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  s t u d y .  

3 )  A m a n u a l  s t a g e  m i c r o m e t e r  and  a  s t a n d a r d  s t u d e n t  

p e t r o g r a p h i c  m i c r o s c o p e  was u s e d  i n  t h i s  s t u d y .  T h r o u g h o u t  

t h e  s t u d y  t h e  i d e n t i c a l  e q u i p m e n t  was u s e d ,  t o  m i n i m i z e  a n y  
c- 

a l t e r a t i o n  i n  t h e  c o u n t i n g .  a' . 

4 )  On e a c h  t h i n  s e c t i o n  400 d e t r i t a l  g r a i n s  were c o u n t e d .  The 

d a t a  was t h e n  e n t e r e d  i n t o  a  c o m p u t e r  f o r  t a b u l a t i o n .  The  

t a b u l a t i o n  work s h e e t  ( A p p e n d i x  A )  shows  t h e  c a t e g o r i e s  

c o u n t e d  a n d  t h e  summat ion o f  t h e  t o t a l s .  
-. 

> 

5 )  From t h e  t a b u l a t e d  d a t a ,  t e r n a r y  d i a g r a m s  ( f i g u r e  4 t h r o u g h  

1 4 )  were p r o d u c e d .  Each s a m p l e  i s  p l o t t e d  on t h e  d i a g r a m ,  

w i t h  t h e  c l a s t  s a m p l e s  shown a s  p o i n t s  and t h e  p r o p o s e d  

s o u r c e  s a m p l e s  shown a s  t r i a n g l e s .  I n  t h e  d i a g r a m s ,  o n e  c a n  

see t h e  c l e a r  g r o u p i n g s  o f  t h e  c o n g l o m e r a t e  c l a s t s .  The  

g r o u p i n g s  show t h e  d o m i n a n c e  o f  q u a r t z  and t h e  l a c k  o f  

f e l d s p a r s .  A l s o ,  t h e  two s a m p l e s  f r o m  t h e  p r o p o s e d  s o u r c e  

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



111. W P J . F ,  COMPOSITION ilnd TECTONIC. ENVIRONMENT 

The QFL diagram (Figure, 4 )  depicts the quartz rich and 

the feldspar poor nature of the samples. According to 

Williams and others (1954) the clasts would be classified as 

a Lithic Arenite. 

In the classification scheme of Decker (1985) the 
r -  

samples would be classified as follows: 

1. 85 JD 401B: medium-grained, moderately sorted, 

subangular, matagenic, quartz sandstone/lithic quartz 

sandstone. 

2. 85 JD 401C: medium-grained, moderately sorted; 

subangular, metagenic, quartz sandstone. 

3. 85 JD 401G: medium-grained, very well sorted, subround, 

sedigenic, quartz sandstone. 

4. 85 JD 405A: medium-grained, well sorted, subangular, 

metagenic, lithic quartz sandstone. 

5. 85 JD 406B: medium-grained, moderately sorted, subround, 

metagenic, lithic quartz sandstone. 

6. 85 JD 406C: medium-grained, well sorted, subround, 

matagenic, quartzose lithic sandstone. 



7. 85 JD 419C: medium-grained, moderately sorted, subround, 

sedigenic, quartz sandstone. 

8. 85 JD 421B: medium-grained, moderately sorted, subround, 

sedigenic, lithic quartz sandstone. 

9. 85 JD 417A BR: (proposed source) medium-grained, 

moderately sorted, subround, polymictic, quartzose 

feldspathic sandstone. 
r -  

10. 85 JD 418A BR: (proposed source) medium-grained, 

moderately sorted, subround, metagenic, feldspathic 

sandstone. 

Figure 15, shows the compositional fields used in this 

classification. 

1-k Provenance 

The relationship of clastic rock composition and 

tectonic setting has long been realized. Krynine (1942) was 

the first to have the concept of sandstone composition being 

linked to source rock history. Although Krynine's idea was 

related to geocynclinal cycle, his concepts are still 

recognizable in modern plate tectonic theory. 

Some of the modern reinterpretation, of detrital mineral 

composition in plate tectonic terms, have come from Dickinson 

(19851, Dickinson and Suczek (19791, Valloni (19851, Valloni 

and Maynard (1981 ) and Potter (1978). Through the use of a 

variety of ternary diagrams Dickinson and Suczek (1979) were 



a b l e  t o  show c o m p o s i t i o n a l  f i e l d s  i n d i c a t i v e  o f  t e c t o n i c  

p r o v e n a n c e .  F i g u r e  16 and  17 show t h e  f i e l d s  o f  D i c k i n s o n  

( 1 9 8 5 )  and t h e  p o i n t  c o u n t  d a t a  f rom t h i s  s t u d y .  

I n  f i g u r e  1 6 , - - 4  F  L and  Q m  F  L t  d i a g r a m s - - t h e  c l a s t s  

f a l l  i n t o  t h e  r e c y c l e d  o r o g e n i c  p r o v e n a n c e  f i e l d .  A c c o r d i n g  

t o  D i c k i n s o n  ( 1 9 8 5 1 ,  r o c k s  t h a t  p l o t  i n  t h i s  r e g i o n  a r e  

d e f o r m e d ,  u p l i f t e d ,  and e r o d e d .  He s t a t e s  t h r e e  t e c t o n i c  

s e t t i n g s :  1 )  s u b d u c t i o n  c o m p l e x e s ,  where  t r e n c h  r o c k s  a;Pe 

e x p o s e d  t o  d e f o r m a t i o n  a n d  e r o s i o n ,  2) b a c k  a r c  t h r u s t  b e l t s ,  

w h e r e  r o c k s  a r e  t h r u s t e d  and  e r o d e d ,  3 )  s u t u r e  b e l t s ,  where  

c o n t i n e n t a l  c o l l i s i o n  h a s  d e f o r m e d  t h e  r o c k s  a n d  d e p o s i t e d  

t h e n  i n t o  f o r e l a n d  b a s i n s .  

D i c k i n s o n  ( 1 9 8 5 ,  T a b l e  6 )  a v e r a g e s  t h e  moda l  c o m p o s i - t i o h  

o f  s a n d s t o n e  s u i t e s  f r o m  f o r e l a n d  b a s i n s .  H i s  a v e r a g e s  

c o r r e l a t e  w e l l  w i t h  t h e  d a t a  f o u n d  f o r  t h e  c l a s t s .  The b e s t  

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

f r o m  s a n d - r i c h  c h e r t - a r g i l l i t e  s u b d u c t i o n  c o m p l e x  i n  a  

p e r i p h e r a l  f o r e l a n d  b a s i n  i n  c e n t r a l  Navada. The c o m p a r i s o n  

c a n  b e  s e e n  i n  t a b l e  11. 



T a b l e  11, Modal C o m p o s i t i o n  A v e r a g e s  

Q m  Q P  Qt F Lv L s  L t  ............................................................ 
C l a s t s  From 5  8 27 8 5 1  T r  6 38 
S t u d y  

D i c k i n s o n  47 26 73 2 T r  2 5  5 1 
A v e r a g e s  f r o m  
Navada 

D i c k i n s o n ' s  ( 1 9 8 5 )  Ls i s  Ls* i n  t h i s  r e p o r t .  

r -  

D i c k i n s o n  and S u c z e k  ( 1 9 7 9 )  f o u n d  f o r e l a n d  b a s i n  s u i t e s  

f a l l  i n  two  f i e l d s - - t h e  l i t h i c  r i c h  and  t h e  q u a r t z  r i c h .  The 

c l a s t s  o f  t h i s  s t u d y ,  a r e  q u a r t z  r i c h  and  f e l d s p a r  p o o r .  The 

d o m i n a n t  l i t h i c  c o n s t i t u e n t s  a r e  m e t a s e d i m e n t a r y  r o c k  

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

a r e  d e r i v e d  f r o m  a  f o r e l a n d  b a s i n ,  i t  shows l i t t l e  e v i d e n c e  
* 

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

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

f r o m  a f o l d - t h r u s t  o r  s u t u r e  b e l t  o f  c h e r t ,  and  

m e t a s e d i m e n t a r y  r o c k s .  I n d e e d  t h i s  i s  t h e  c a s e ,  D i c k i n s o n  

and  S u c z e k  ( 1 9 7 9 )  found  t h a t  f o l d - t h r u s t  s y s t e m s  o f  l o w - g r a d e  

m e t a m o r p h i c s  and  s e d i m e n t a r y  r o c k s  p l o t  on t h e  Q t - L ,  Q m - L t ,  

and  t h e  Qp-Ls l e g  o f  t e r n a r y  d i a g r a m s .  T h i s  i s  e x a c t l y  w h e r e  

t h e  c l a s t s  p l o t  a s  s e e  i n  F i g u r e s  4 ,  6 and  12.  

-ProDosal 

A s  was n o t e d  p r e v i o u s l y ,  t h e  two s a m p l e s  f r o m  t h e  

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

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

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



from which t h e  two source samples were c o l l e c t e d .  The 

dominant d i f f e r e n c e  i s  t h e  amount of f e l d s p a r s  p resen t .  Both 

source  samples show a c lo se  c o r e l a t i o n ;  however, more samples 

a r e  needed f o r  any conclus ive  i n t e r p r e t a t i o n  of t h e r e  

provenance. 

The s tudy  of s e v e r a l  t h i n  s e c t i o n s  from t h e  85 JD 401 

s i t e  shows a composi t ional  change w i t h i n  t h e  conglomerate 

c l a s t s .  I n  a lmost  a l l  t he  t e r n a r y  diagrams,  s l i d e s  85 d D  

401G d ive rges  from t h e  o the r  401 s l ides - -85  JD 401B and 85 JD 

401C. The divergence  can b e  seen most c l e a r l y  i n  f i g u r e  1 1 .  

The compos i t iona l  change w i t h i n  t h e  conglomerate c l a s t s ,  

from the  401 s i t e ,  could r e p r e s e n t  a  mixed provenance, o r  a  

v e r t i c a l  change i n  l i t h o l o g y  a t  t h e  source .  More informat ion . 
i s  needed t o  dec iphe r  t h i s  d i f f e r e n c e .  
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FIGURE /O 
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Q u a r t z  Sands  t o n e  

F e l d s p a t h i c  
Q u a r t z  S a n d s t o n e  

L i t h i c  Q u a r t z  
S a n d s t o n e  

Q u a r t z o s e  L i t h i c  
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F e l d s p a t h i c  
Sandsands  t o n e  

r -  

L i t h o f e l d s p a  
Sands  t o n e  

F e l d s p a t h o l i t h i c  
S a n d s  t o n e  

F/GUEE / 5  , S a n d s t o n e  C l a s s i f i c a t i o n ,  From Decke r  ( 1 9 8 5  ) 
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V o l c a n i c  S o u r c e  

F/GUR E /d C o m p o s i t i o n a l  F i e l d  Diagrams, From 
D i c k i n s o n  ( 1985 ). 
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~ b ~ l l  c o n g l o m e r a t e  

t a l  

17: C o m p o s i t i o n a l  F i e l d  Diagrams, From D i c h i n s o n  
( 1 9 8 5 )  



Based on two s a m p l e s ,  t h e  p roposed  Brooks Range s o u r c e  

was shown n o t  t o  be t h e  l i k e l y  s o u r c e  o f  t h e  q u a r t z  s a n d s t o n e  

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

of t h e  c l a s t s  f rom t h e  proposed s o u r c e .  

The t e c t o n i c  s e t t i n g  of  t h e  s o u r c e  o f  t h e  c l a s t s  i s  a  
>-  

r e c y c l e d  o r o g e n .  The n a t u r e  o f  r e c y c l e d  s e d i m e n t s ,  rnake.a 

p r e c i s e  l i t h o l o g i c  s o u r c e  i m p o s s i b l e  t o  dec iphe r - .  

Comparis ion of t h e  c l a s t  c o m p o s i t i o n  w i t h  s a n d s t o n e  

c o m p o s i t i o n s  of  D ick inson  (19851 ,  and w i t h  Dick inson  and 

Suczek (19791 ,  s u g g e s t s  t h e  t e c t o n i c  s o u r c e  t o  be  a  

p e r i p h e r a l  f o r e l a n d  b a s i n ,  r e c e i v i n g  s e d i m e n t s  from 'a 
> 

s e d i m e n t a r y  and metamorphic f o l d - t h r u s t  b e l t .  The o n l y  

i n f o r m a t i o n  f o r  t h e  s e d i m e n t a r y  and metamorphic  a s p e c t  of  t h e  

p rovenance  i s  t h e  c h e r t ,  p o l y c r y s t a l l i n e  q u a r t z ,  and 

m e t a s e d i m e n t a r y  r o c k  f r a g m e n t s ,  which b i a s e s  t h i s  p r e d i c t i o n  

by t h e i r  g r e a t  s u r v i v a l  p o t e n t i a l .  



APPENDIX A Tabula t ion  Work Shee t  
SMPLE WE3 - i5,Wlti a%D40!C d5;D46:6 85;D4O% 35J4063 &3)06i 35.34:X 35.2e.3 i I 4 6 :  i::;-:': 2f;:a.i' 2,:::Si 

Mao kwbrr ) 

Quadrangle ) d i s s a n  niseman miseun misenan b~seman Ylsaran rrisaan diseun w~seman r1semam 
Lat~tude (deg #in) ) 

Lonoitude (dea 8ln) - ) 
Collected bv ) Dec~er Decxer Decker Decrier Decrer Decuer Decrer Decwer k c e r  3ecder 
Polnt bunted bv ) T~fental  Tifental Tlfental Tifentai Tlfental Tifental i ~ f e n t a i  ?ifentar ' i ienra~ Tifentai 
Rock Unlt ) 4-wds <-sods A-uds r(-seds r(-seds 4-seds 4-seds <-seas beds ?z ~ N K V  Pz qn~v Pz qnuv 

DLYIRTZ ----- ------- 
Ouartz, mnmvs ta l l~ne ,  undulou 198.00 1?4.00 300.00 237.00 218.00 :91.00 294.00 245.M 55.M !74.M) 162.00 39.39 
Quartz. m ~ ~ : r w t a l l t m ,  strrlcht 4.00 39.00 i0.00 9.00 1.85 .30 
Quartz, w l v c r n t a l l t n ,  quiqranular 53.00 111.00 12.00 90.00 157.04 24.00 41.00 25.04 15.27 !2.N :3.00 3.17 
Quartz, wlvcrystallin. follated 6 0 0  1.00 1.00 2.00 .30 i.04 . :2 
Quartz, wlvcrntalline, 97.00 62.04 22.00 20.00 G.00 48.00 22.00 71.00 6 25.00 18.00 5.04 
Quartz, undifferentiated . 00 -30 

FRDSP(\R -- ------- ---------- 
l lka l i  f e l d m r .  moc l in ic  .&I 55.30 26.00 3.50 
Alkali fe ldsur ,  t r ie l inlc  .00 .?4 
Plutonic feldsoar, wr th i t i c  . 00 . QC 
P l u t a l c  f e l d s w ,  graDhic .00 .03 
Plutonic feldsoar, l y r r k r t l c  .00 .90 
Rlkali feldsoar, undiffmntiated .00 .00 
Plag ioc la~ .  unzoned, k twim .00 34.00 6.00 4.69 
Plagioclau. unzwrd, C-twtm .00 .00 
Plagioclau, unzomd, untainn~l .00 c - . 00 
Plaqioclaa, zomd .00 . 00 
Plagialase. undifferentlatrd .M) .M) 

F e l d s ~ r ,  undlffmnt iatrd -00 .00 
l l t &  f e l d s w  22.00 .65 30.00 29.00 7.62 

SEDIENTARY RCCX FRIIGIO(TS -- 
Micmcrystalllm auartz (chert) 13.00 15.00 22.00 1.49 19.00 26.00 5.28 
Rad~olarlan chert .00 .00 
Foltatrd chert 1.00 3.00 3.00 9.00 .a .00 
Fibrous chmt .00 .00 
Probable cherty graim 3.00 .09 -00 
Chuty argi l l i te  1.00 .OJ .00 
f4tyillitt  4.00 .3O 23.00 !6.00 4.81 
SlltSt0ne .00 .00 
Sandston .00 - .00 
Slatelshale . M) '2.00 .?3 
Carbonate, e ~ t r a b a s i ~ l  .00 1.00 . :2 
Coallorqmic detrltus .M, -00 
Probable sedimentary rock f r a q m t  .00 . 00 
Other or  undtfferentrated SRF .00 . 00 

VOLCWIC ROQ( FIWBMTS - 
V t t r l c l a y o t o ~ n t a l l r n  V f f  .00 .00 
Mimrys ta l l ine  felsic VRF .00 1.00 .!2 
Wrogranular felr ic  VR .00 -00 
Microlitlc VRF 1.00 .03 .00 
~ a t h m r k  VRF .00 13.00 1.52 
Maflc VRF .00 .00 
Tuffamour V R F  .00 .00 
Iltered VRF -00 .00 
Probrble volcanic rack f r a q m l  .00 .00 
M h s  or undiffrnntiated VRF .00 .00 

Ht3IW)RPHIC RW( F-S 
Unfoltated r t r l u t t c  .00 :4.00 1.64 
(Iwrtz-m~ca h y l l  i t e  3 .00 29.00 7.00 48.00 27.00 18.00 7.00 17.00 5.63 9.00 21.00 3.52 
Quartr-micr ~c(llst/pr*~ss -00 1.00 .12 
Grnmtone .00 .30 
6mn Dhyllrte .00 . 00 
G r n ~ i s t / u o h i b o l i t e  .00 .00 
Hamfelr 1.00 2.50 87.00 !O.?O 
Probable HRF 2.00 -12  .30 
Other or undtffermtiated llRF .00 . 00 



RlPOHlC W1 :WMERTS -------I---- -_-___-_-___------__-___--- 
:~!SIC PC, ourrtz -00 . 3  
;elslc PRF. (-soar .00 . JJ 
ielsrc W, olrg~oclau . 00 .h 
=elslc PRF, h l t c  m a  -00 .00 
Feisic PRF, btot~tr .00 . 90 
~ e l s ~ c  PRF. m l b o l r  .00 .&I 
Feis~c P I ,  othrr .W . 00 
k f ~ c  PRF, olrglcclasa .00 .00 
1af1c PRF, opxm .00 . 00 
laflc Pff, ol1vm .00 .00 
k f t c  PRF, othw .00 .00 
Intnadtrtr PC, olaqioclasn .00 .06 
Intmcdlate PRF, amuhlboln .00 . 00 
I n t r r d ~ a t e  PRF, whlta mica .00 . 00 
Intrrrcdiatr PRF, blotltr .W . 00 
In t r r rd~r t r  PRF, otha .00 . 00 
kobablr PRF .00 -00 
*her or uJ~ffmntlatrd P I  .00 . 00 

DrmITA IIINEAIYS 
Blotltr .00 . 00 
Hit# I Z C ~  21.00 8.00 8.00 8.00 12.00 12.00 16.00 17.00 3-04 1.00 10.00 i.H 
Chlorltr 3.00 2.00 2.00 1.00 6.00 !2.00 :.00 :.52 
C11mgoxm .00 . 00 
M l b o l r  .oO a,.F .M, 
amt -00 .(lo 
21mm 1.00 1.00 .06 1.M) :2 
Tourullm .00 .GO 
Rut1lr .00 . 00 
0 t h  m~ncrrls 6.00 1.00 2.00 .27 .00 
Indrtermlnant qrrim .00 . 00 

WTRIX ---- 
Silty .00 . 00 
~ ~ g ~ l ~ m o ~ a  1.00 8.00 1.00 J.QO s.oo ;oo.oo ie.w 11.00 :oo.m 
Prmdowtrlx .a0 .00 
ktrlx, othw or undlffmntlrtd .00 .OO 

COMT 
Sil~ca 98.00 a 0 0  59.00 69.00 67.00 103.00 110.00 110.00 SS.31 97.00 -103.00 51.02 
Carbonat*, undlffmnt~ated 2.00 1.00 9.00 1-02 - .00 

* 
Carbonatr. calclte . 00 .00 .DO 
carbonate, dolaltr .00 .00 
carbonate, akrr1tr .00 . 00 
Carbonate, r ldm~te -00 .W 
Hnutlte 1.00 COO 2.00 4,00 200 1.10 14,W 16.00 7.65 
Clay mrnrrlr 61.00 57.00 76.00 61.00 74.00 21.00 %00 5S.W 42.51 67.00 53.00 4:.33 
Sulfata .00 . 00 
Slaucony .00 -00 
R\orahrtn .00 . 00 
Cnmt, 0 t h  w undiffmntirtd .00 .00 

MnWRRIIC lIERRLS 
Zeol~tr .00 .00 
Alb~tr .00 . 00 
Chlorxtr .00 .W 
B~otrte .00 . 00 
Uh~tr aicr . 00 . 00 
Eoldote .00 .OO 
Cllmzolslte .00 .w 
zolslte .00 -00 
Prmhnlte .00 .00 
Pumllyite .00 .OO 
llctimlltr -00 .00 
Glrucouham .00 .00 
LrranIt, . 00 . 00 
Jrdltr .00 -00 
0th rrtuoruhlc mrmls  .00 .OO 



OVERSiZE am IYTRIWINIK GRAINS - ------ 
Ovmr ze-nrowlcantc .MI  , 30 
Ovm~ze-lntrabaslnri carbo~te . 00 .(O 
Ovmizrclastlc rio-uo . M .00 
Ovrrslze-shcli fraarnt .00 ,&I 
Detrltal wbble .00 ,OO , 
Other o m t z e  grain .Ga .MI " 

X X X  # iS lXl lam~ ~ X X X N X ~ X K X X X X X X X X X X M X X X I X X N X ~ X X ~ X X K K N K N N N X ~ X ~ ~ X N X ~ X ~ ~ K ~ ~ ~ ~ ~ X K X X X X X K X X X X X X X X X X X X N X X K K N X X X K X X X X N X K X X X K X X N X X X X X X X X X X X K X K X X X X ~ X X ~ X X X K  

Oi 1 .00 .00 
Bituuln -00 .00 * 
Pororlty 2.00 4.00 5.00 1.00 1.00 1.63 2.00 1.00 
K X X  TOTRS X K X X X X X X X N N X X X X N X X X X X N X X X X X N X X N X X N X I X X N X X X X N X N N X X X X X ~ X X X X X K X X N X ~ N K X X K X X ~ X X X X N K X N X X X N X X X X X X X X X X N X ~ X K X K X K K X X X X X X K X X X X N X X X X X X X ~ X X N N X X X X N X K M X  , 

TOTAL DETRITR SIM GRAINS 41200 424.00 408.00 423.00 475.00 410.00 401.00 422.00 419.88 427.00 426.00 %.W 
TOTAL WTRIX .00 1.00 -00 8.00 .00 1.00 3.00 5.00 2.25 18.00 11.00 14.50 
TOTR COIE)(T 161.00 93.00 136.00 143.00 143.00 124.00 210.00 167.00 147.13 178.00 214.00 136.00 
TOT& IETWRPHIC I I I N E R I I L S - - - - - - - - - -  0 0  0 0  a 0 0  n o 0  a 0 0  0 0  0 0  W .00 S O 0  ,00 .M 
TOT# WERSIZE GRAINS .00 .00 .00 .00 .00 .00 .00 .00 .00 .Oo .00 .oo 
TOTAL MINTS cumD----------- so6.M S49-00 !57!LW 618.00 535.00 615.00 594.00 570.88 623.40 653.00 638.00 
K K X  PERCENT= x x r ~ x r x x x ~ x ~ x x r x x ~ ~ x x r x x x x x ~ x x x x ~ ~ ~ ~ x ~ ~ x ~ x x x x x x ~ ~ ~ x x ~ x x x x ~ x ~ ~ ~ ~ ~ x x x x x ~ ~ x ~ x ~ ~ x x x ~ x x x x ~ ~ ~ ~ x x ~ ~ x x x ~ ~ x u x ~ x ~ ~ ~ x x ~ x x x ~ x x ~ ~ ~ x ~ x ~ x m ~ ~ ~ ~ ~ ~ n n ~ ~  
Detrital qraim 71.65 M.63 74.32 73.51 7k86  76.64 65.20 71.01 73.74 68.54 55.24 66.89 
lktrix .00 ,20 .00 1.39 .00 .19 .49 .84 .39 2.89 !.68 2.29 
Ccmt 2800 18.34 24.77 24.87 23.14 23.18 34.15 28.11 25.51 28.51 32.77 30.67 
MuaDhic uimrals 0 0  0 0  .00 .00 .00 .00 .00 .00 .00 -00 ' .C4 ,013 
Owsire grains -00 .00 .00 .00 .00 .00 .00 .00 .00 .00 ;- .00 .OO 
Paaity .3S .79 -91 .17 -00 .00 .16 -00 .30 ' 3  .:5 
Wrolna o o  0 0  a00 .00 0 0  .00 .00 0 0  a00 .w.  .Ga .M 
Porosity + P a t m l ~  4.16 8.24 6.02 1.71 .00 .00 1.36 .00 2.69 .OO 5.26 2.63 
Ilr 4.06 46-53 83.09 !%39 47.79 46.59 73.32 58.W 57-90 40.n &03 39.39 
Oms (straiglrt extinction) .00 .% 9.56 2.36 1.89 .00 .00 .00 1.85 .00 -00 .oO 
Ow (undulou extinction) 48.06 47.55 73.S Z6.03 4589 46.59 73.32 58.06 56.13 40.n 38.03 39.39 
00 37.86 42.40 8.3 26.00 4316 17.80 1571 W22 26.84 0.90 7.75 8.32 
C (chert) .24 .00 3.92 .71 -00 -00 4.49 7.35 2.09 4.45 6.10 5.28 
llW (00 * C) 36.11 42.40 12.50 26.71 4 3 I 6  17.80 20.20 30.51 2b93  1335 13.85 i3.60 
0 (total owrtz) 85.g 40.93 91.67 84.10 90.95 64.39 89.03 81.28 84.82 49.65 45.n 47.71 
[h (total a W z  * chert) 86.17 40.93 9S.59 B.11 W.95 64-39 9 3 s  R4.63 86.9L 54.10 S1.BB 52.99 
K (K-soar t mthitic + graPhic) - .00 .00 .00 .00 .a0 -00 .a0 .00 .00 12.86 6.10 9.49 
P (olrgioclau mymehitic) - .00 .00 .00 '00 .00 .00 .00 .00 .W 7.% !!4l 4.69 
Pz (zoned olagialrrr) .W .oO .00 .00 .OO .00 .00 0 0  .00 .W .00 -00 
Put ~unzond olaqialase) .00 .00 .00 .00 .00 .00 .00 .00 .00 7.%. 4 1  4.69 
F (total frldsw graim) .00 .00 .00 .OO .00 5.37 .00 .00 .67 27.87 15.73 21.80 
Ls- (SRF - C) .00 .00 -00 .00 .00 1.46 .00 1.18 .33 6.09 4.23 9.16 
Ls* (SRF C l  .24 .00 3Q .71 .00 1 4 6  4.49 8.53 2.42 10.9) 10.33 10.43 
Lst (Ls- La) 8 7 4  7.11 1.72 11.S I 6 8  5.85 1.75 5.21 5.93 11.71 9.15 10.42 
Lvf (felsic VRF) .00 -00 .00 .00 .00 .00 .00 .00 .00 .00 .23 .:2 
LM (uf ic  and lntrmdiate VRF) - .00 .OQ -00 .24 .00 .00 .00 .00 .03 3.04 .W) 1.5Z 
Lv (total volcanic rock fragmts) - .OO .#) .00 .24 .00 .00 .a0 .OO .03 3.0, .23 1.64 
L v t  (Lv + Ln) .00 .00 .00 .24 .00 .00 .00 .00 .03 3.04 .23 !.64 
Lm (wt&imtaryrockfralplts)- 8.74 7.11 1.72 11.35 5.U 4.39 1.75 4.03 5.59 5.62 4.93 5.28 
LFY (rtawlcmic rock fragments) - .00 W -00 .00 .00 .00 0 0  0 0  .00 .00 .00 .oO 
Lm (total lptammhic mk fraqmtsl- 8.74 7.11 1.72 11.35 5-68 ZS.12 1.75 4.74 8.28 5.62 2S.S !5.49 
Lof (fclsic WIF) 0 0  .00 .00 .00 -00 .00 .00 .00 .00 .00 .00 .00 
L a  (uf ic  PRF) 0 0  W .00 .00 .OO .00 .00 0 0  .00 . .cO .W 
Loi ( ~ n t w d i a t e  PIIF) .00 .W .OO .00 -00 .00 .00 .00 .00 -00 .00 .OO 
Lo (total olutonic rack fragmts) - 0 0  0 0  .OO .W a 0  -00 0 0  0 0  . . -00 .00, 
Li (Lv * LO) .00 .00 .00 .24 -00 .00 .00 .00 .03 3.04 .23 i.64 
L (Ls* * Lv Ll Lo) 8.M 7.11 I 6 4  12.29 5.a 26.59 6.23 13.27 10.72 19.20 3S.92 27.56 
L- (Ls- * LV 4 Ll t Lo) 8.74 7.11 1.72 11.3 !La 26.59 1.75 5.92 8.64 14-73 29.01 22.20 
Lt (Ow + LP + LV * L. Lo1 - 46.8) 49.51 14.22 38.30 4.84 44.39 21.95 X.49 37.51 28.10 43.66 35.88 
N X X  RATIO8 X N N N X N K X N N X X X X X X X N X ~ X X X N X X N X X X X ~ X X ~ K X K X X X X X X X N N X K X X X X X N N X X X X ~ X N X X N X X X X N N N X N X X X X X X X X X N X X X N X N N X X X K X X X X X K N X X X X X K X X X N X X N N X X X N N N ~ X X X X N X X N  

P:FIL 90.5) 92.75 94.21 87.29 94.12 66.84 93.46 8S.S 88.14 51.33 46.99 49.16 
0:F:L .00 .00 .00 -00 .00 5-51 .00 .W .70 28.81 16.14 22.44 
0:F:L 9.46 7.23 5.79 12.71 5.86 27.59 6 14.04 11.16 19.85 36.87 28.36 
[h:F;L- 90.79 92-75 98.24 06.02 94.12 66.84 98.17 93.73 90.33 3 - 9 3  53.25 54.59 
[h:F:L- - .00 .W .00 -00 .W 5.51 -00 .00 .70 28.81 16.14 22.48 
W:F:L- 9.21 7.23 1.76 11.98 5.88 27.59 1.83 6.27 8.97 15.25 30.60 22.93 



4n:F:~: - -- 50.64 49.50 d5.39 50.39 49.6 G.35 76.96 6 .  53. t5 a?, :j 32,  '- a ,55 
0a:F:~t -00 .00 .m .oO 5.57 . .W .70 28.4: .6..4 2.4 
[k:F:Lt - 49.36 50.50 14.61 39.61 50.54 46.08 23.04 38.63 39.04 29.06 4 4  &2 16, 
0o:~v t :~s r  81.35 85.64 87.93 69.75 88.36 75.26 42.05 85.43 83.22 47,50 59.60 52.3 
0o:Lvt:Lst .00 .M1 -00 .62 .00 .00 .00 .08 :0.83 0 5-32 
OD:LV*:LS* 18.65 14.36 !2.07 29.63 11.64 24.74 1-95 14.57 16.70 41.67 39.39 W.C3 
ON:G~U:QO .00 1.08 10.43 2.80 2-08 .00 .00 .00 2.05 .00 .00 . X  
Q~s:Qmu:Qo 3 - 9 3  52 .3  80.21 66.39 90.46 72.53 82.35 R.43 66.43 82.08 83.08 8 2 . 3  
IbO:&u:00 U.07 46.63 9.36 30.81 47.4s 27.65 i7.65 20.57 31.52 17.92 16.92 17.G 
I21:P:K :00.00 100.00 !00.00 100.00 !00.00 100.00 100.00 100.00 100.01) 66.16 83.5: i r , e 3  
0n:P:K - .00 -00 .00 .00 .00 .00 .00 -00 -01) 12.93 3.09 8 . 0 : '  
h:P:K .00 .00 .OO .00 .00 .OO .00 .00 .00 20.91 3.40 :7.:6 
H:Pz:Puz .00 .00 .00 .00 .00 .00 a00 .30 .00 61.80 0 7!.% 
K:Pz:Puz .00 .00 .00 .W .00 .00 .00 .00 .oo .00 . G O  .W 
K:Pz:Puz .00 .00 .00 .00 -00 .00 .w .OO .00 38.20 3.75 28.48 
Lv:Ls+:Ll .00 .00 .00 1.92 .00 .00 .00 .00 .24 :5.BS .65 8 . E  
Lv:Ls+:Ll 2 7 0  -00 69.37 5.77 .00 5.50 72.00 64.3 27.M 54.88 20.76 4:.& 
LV:LS+:IA 9 7 , ~  io0.00 30.43 ~ 3 1  100.00 9 . 5 0  28.00 35.71 72.28 8 .27  70.59 49.93 
Lv:Ls-:Ll .00 .W .00 2-04 .00 .00 -00 .Or, .26 20.63 .79 i0.7: 
Lv:Ls-:LM .00 .00 .00 .00 .00 5.90 .00 20.00 3.19 41.27 14.17 27.72 
Lv:Ls-:Ll 100.00 100.00 100.00 97.96 100.00 94-50 100.00 80.00 96.56 38.10 85.04 6L.3 
L1:LstA.l .00 .00 .00 1.92 .00 m00 .00 .00 a24 15.05 -65 8 . 3  
L1:Lst:Ll 2.70 .00 69.37 S.7l .00 5.50 72.00 64.29 27.48 54.88 28.76 4:.d? 
L~:LS+IL. 97.30 100.00 30.43 9231  100.00 94.50 28.00 35.71 72.28 29.27 70.59 49.43 
F r ~ k r k t r r r r k m t  71.90 81.27 73.00 73.69 76.86 76.64 65.31 71.0) 73.97 u.*- 65.44 66.93 
Fr;::Iktrix:Clmt .00 .20 .00 1.39 .00 . I9  .49 .84 '39 2.89 :.69 2 . 3  
Fru*mk:htr~x:Cllmt 28.10 18.53 25.00 24.91 1 23.18 34.20 28.11 25.65 28.57 32.87 30.72 
C I I  .00 .00 .M .01 .00 .00 .os .08 .02 .oe . . :2 .:'I 
ROW@ .44 ,47 .13 .31 .47 .2LI .22 .34 .33 3 -27 -26 
PIF .00 .W .W .00 .00 .00 .00 .00 .M3 .29 -09 ..3 
Lv/L ,00 .00 .00 .02 .00 .00 .00 .00 -00 .16 .01 .Oa 
LvILt .00 .00 .00 .Ol  .00 .00 .00 .00 .oo .:I .O! .% 
l l l taat lon Indrx .00 .00 .00 -00 -00 1.00 -00 .00 .I3 .23 -51 -37 
L z z i - D i c k i m  Factor .24 .IS .05 .W .lo -12 -05 .17 .12 .06 -04 .05 
C twlm/total Plagioclasa 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .00 .00 .a 
ZondITotal Plagioclan 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .00 .00 .oO 
Slcadary Paor i ty  Potmtlai - .70 .99 .91 1.74 .OO .00 1 .00 .S . I6  .31 .23 
xxxxxxxxxxxxx~~ SUWV ~~x~rxx~rxr~xxxxxx~xrrxxxxxxxxxxxxxxx#xxxxxx#xxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxnXxxxxxXXxxxnxxxxnnxnn~n 
WRRl7. (0) Ri.92 90.93 91.67 84.40 90.95 64.39 89.03 81.28 84.82 49 .a  4S.n 47.71 
FELDSPI~R (F) .w .w .w .ao .oo rn .oo .oo .67 27.87 ' 5.73 21.80 
SEDIEMTIRI Roa( FWl€MS (Ls+) - .24 .00 3.9 .71 .00 1.46 4 4 9  8.51 2.42 10.54 !0.33 :0.43 
WLCIY(1C ROCn FRWWENTS (Lv) - .00 .00 -00 .24 a00 -00 .W -00 .03 3-04 .23 L.64 
MWWORPHIC m FRABIO(TS (IS) - 7 7.11 1.72 1 1 , s  xo 25.12 1 . n  7 8.211 5.62 25.35 :5.49 
PLUTWIC WICI( FRIIGIOCIS (Lo) - .00 .00 .00 .OO .W .00 -00 .00 .00 .00 .00 -30 
OTHER DETRITAL IIIERRLS 1 1 0  1 2 7 0  3.31 3.37 3.66 4.74 14 3.78 3.28 2.58 2.93 

TOTRL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 :oO.00 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxnxxxxaxxxxxxx~xxxxxxxmxxxuxxx~xxxxxxxxxxxxxmxxxxx~xxxxxxxxxx~~xxxxxxxxxxxxxxxxxxuxxxxxxxxxxx~xxxxxxxxxnnnnxnxnn 



APPENDIX B 

U p f  Svmbols 

F  F e l d s p a r  g r a i n s :  P l a g i o c l a s e  + K-spar  g r a i n s  

K K-spar  g r a i n s :  i n c l u d e  P e r t h i t e  

P P l a g i o c l a s e  a n d  Myrmeki tc  

Pz Zoned P l a g i o c l a s e  

Puz Unzoned P l a g i o c l a s e  

L  T o t a l  L i t h i c s  L=Ls+ + Lv + Lm + Lp 

Ls- S e d i m e n t a r y  r o c k  f r a g m e n t  + C h e r t  

Ls* S e d i m e n t a r y  r o c k  f r a g m e n t s  - Chert  + M e t a s e d i m e n t a r y  

r o c k  f r a g m e n t s  

Lv V o l c a n i c  r o c k  f r a g m e n t s  

L i  V o l c a n i c  r o c k  f r a g m e n t s  + P l u t o n i c  r o c k  f r a g m e n t s -  
. 

Lv* V o l c a n i c  r o c k  f r a g m e n t s  + M e t a v o l c a n i c s  

L t  T o t a l  L i t h i c s  i n c l u d i n g  P o l y c r y s t a l l i n  Q u a r t z  

L t  = Qp* + Ls- + Lv + Lm + Lp 

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

Q o r  Qt T o t a l  Q u a r t z  

Qrn M o n o c r y s t a l l i n e  Q u a r t z  

Q P  P o l y c r y s t a l l i n  Q u a r t z  

Q* T o t a l  Q u a r t z  + C h e r t  

Qmu U n d u l o s e  Q u a r t z  
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