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METHODOLOGY 

One h u n d r e d  a n d  t w e n t y  t h i n  s e c t i o n s  were c u t  a n d  examined ,  

a n d  t w e n t y  f o u r  were s e l e c t e d  f o r  q u a n t i t a t i v e  p o i n t  c o u n t  

a n a l y s i s .  The t h i n  s e c t i o n s  were s t a i n e d  f o r  K - f e l d s p a r  w i t h  

a  sod ium c o l b a l t i n i t r a t e  s o l u t i o n .  A l l  t h i n  s e c t i o n s  were 

i m p r e g n a t e d  w i t h  b l u e  e p o x y .  Each t h i n  s e c t i o n  was d i v i d e d  

up i n t o  f o u r  c e l l s  o f  e q u a l  a r e a .  One h u n d r e d  d e t r i t a l  g r a i n s  

were  c o u n t e d  p e r  c e l l .  The u s e  o f  s e p e r a t e  c e l l s  a l l o w s  f o r  

a  c o m p a r i s o n  t o  b e  made be tween  p r e d i c t e d  a n d  c a l c u l a t e d  

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

d u r i n g  t h e  p o i n t  c o u n t i n g  p r o c e s s  ( D e c k e r ,  1985). F o u r  

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  were c o u n t e d  on e a c h  o f  t h e  

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

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

Cements ,  m a t r i x ,  p o r o s i t y ,  a n d  a u t h i g e n i c  m i n e r a l s  were a l s o  

c o u n t e d .  A s c a n n i n g  e l e c t r o n  m i c r o s c o p e  (SEM) was u s e d  t o  

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

p o r o s i t y  t y p e s  a n d  d i a g e n e t i c  h i s t o r y .  

CLASSIFICATION AND TEXTURE 

R e p r e s e n t a t i v e  t h i n  s e c t i o n s  f rom s a n d s t o n e s  w i t h i n  t h e  

C u e s t a  C r e e k  a n d  Mudstone Members o f  t h e  T e n t  I s l a n d  

F o r m a t i o n ,  S a n d s t o n e  a n d  M i n i s t i c o o g  Members o f  t h e  Moose 

C h a n n e l  F o r m a t i o n ,  a n d  Aklak Member o f  t h e  R e i n d e e r  F o r m a t i o n  

were p o i n t  c o u n t e d .  With  t h e  e x c e p t i o n  o f  t h r e e  s a m p l e s  f rom 

t h e  S a n d s t o n e  Member o f  t h e  Moose C h a n n e l ,  a l l  t h e  s a n d s t o n e s  

a r e  s u b m a t u r e  t o  immature  c h e r t  l i t h a r e n i t e s .  The t h r e e  

Moose C h a n n e l  s a m p l e s  c o n t a i n  enough p l a g i o c l a s e  f e l d s p a r  

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



G r a i n  s i z e s  r a n g e  f rom v e r y  f i n e  t o  l o w e r  c o a r s e  g r a i n e d  

s a n d s t o n e .  I n  o r d e r  t o  m i n i m i z e  g r a i n  s i z e  b i a s ,  a n  a t t e m p t  

was made t o  p o i n t  c o u n t  t h i n  s e c t i o n s  o f  r e l a t i v e l y  u n i f o r m  

g r a i n  s i z e s .  However, due  t o  t h e  f i n e  g r a i n e d  n a t u r e  a n d  

p o o r  s o r t i n g  o f  p a r t s  o f  t h e  T e n t  I s l a n d ,  Moose C h a n n e l ,  a n d  

R e i n d e e r  f o r m a t i o n s ,  t h e  a v e r a g e  g r a i n  s i z e  o f  i n d i v i d u a l  

p o i n t  c o u n t e d  t h i n  s e c t i o n s  v a r i e d  f rom l o w e r  f i n e  t o  u p p e r  

medium s a n d s t o n e .  Whenever p o s s i b l e ,  medium g r a i n e d  

s a n d s t o n e s ' w e r e  p o i n t  c o u n t e d .  S a n d s t o n e s  r a n g e d  f rom p o o r l y  

t o  w e l l  s o r t e d .  

ROUNDING AND P A C K I N G  

The d e t r i t a l  s a n d  g r a i n s  o f  a l l  f o r m a t i o n s  a r e  d o m i n a n t l y  

s u b a n g u l a r  a n d  r a n g e  f rom a n g u l a r  t o  s u b r o u n d e d .  The 

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

A l l  t h i n  s e c t i o n s  c o n t a i n  g r a i n s  w i t h  i r r e g u l a r  t o  s t r a i g h t  

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

i n  undeformed  s e d i m e n t s .  P e n e t r a t i o n  o f  s o f t e r  g r a i n s  by  

q u a r t z  a n d  f e l d s p a r  g r a i n s  a n d  f r a c t u r e d  g r a i n s  a r e  common. 

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

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

p h y l l i t e  a n d  m i c a s  t h a t  which  a r e  b e n t  a r o u n d  more r e s i s t a n t  

g r a i n s .  A l t h o u g h  g r a i n  c o n t a c t s  c a n  u s u a l l y  b e  d e t e r m i n e d ,  

t h e s e  l i a b l e  g r a i n s  g r a d e  i n t o  p s e u d o m a t r i x .  Some m u t u a l  

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

i s  a l s o  p r e s e n t .  Good e x a m p l e s  of p r e s s u r e  s o l u t i o n  be tween  

q u a r t z  g r a i n s  were n o t e d .  A s  would  b e  e x p e c t e d ,  t h e  

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



COMPOSITION 

QUARTZ 

The q u a r t z  c o n t e n t  o f  t h e  t h i n  s e c t i o n s  s t u d i e d  r a n g e d  f rom a  

h i g h  o f  6 5  p e r c e n t  t o  a  low o f  30 p e r c e n t  a n d  a v e r a g e d  3 9  

p e r c e n t .  Q u a r t z  was p r e s e n t  b o t h  a s  m o n o c r y s t a l l i n e  

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

c r y s t a l s  g r e a t e r  t h a n  . 0 2  m r n ) .  M o n o c r y s t a l l i n e  q u a r t z  i s  

s l i g h t l y  more common t h a n  p o l y c r y s t a l l i n e  q u a r t z  a t  2 1  a n d  18  

p e r c e n t  r e s p e c t i v e l y .  P l u t o n i c ,  me tamorph ic ,  a n d  v e i n  q u a r t z  

were a l l  common b u t  v o l c a n i c  q u a r t z  was n o t  o b s e r v e d .  W i t h i n  

t h e  m o n o c r y s t a l l i n e  q u a r t z  c a t e g o r y ,  d n d u l a t o r y  q u a r t z  ( >5% 

u n d u l o s i t y ) , w a s  t w i c e  a s  common a s  q u a r t z  w i t h  s t r a i g h t  

e x t i n c t i o n .  F o r  t h e  p u r p o s e s  o f  t h i s  s t u d y  c h e r t  was 

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

FELDSPAR 

F e l d s p a r  was a  r e l a t i v e l y  minor  c o n s t i t u e n t ,  making up  o n l y  

5 . 5  p e r c e n t  o f  t h e  d e t r i t a l  g r a i n s .  The p e r c e n t a g e  o f  K- 

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

examined  a n d  a v e r a g e d  1 . 5  p e r c e n t .  The K f e l d s p a r  p r e s e n t  

was t y p i c a l l y  w e a t h e r e d ,  s u b r o u n d e d  a n d  was o f t e n  p a r t i a l l y  

a l t e r e d  t o  c l a y .  I n  c o n t r a s t ,  much o f  t h e  p l a g i o c l a s e  

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

i n c r e a s e d  amount o f  u n a l t e r e d  i n t e r m e d i a t e  v o l c a n i c s .  Whi le  

t h e  amount o f  p l a g i o c l a s e  p r e s e n t  a v e r a g e d  4 p e r c e n t ,  t h e  

u p p e r  T e n t  I s l a n d  (Mudstone  Member) a n d  l o w e r  Moose C h a n n e l  

( S a n d s t o n e  Member) c o n t a i n e d  a n  a v e r a g e  o f  a l m o s t  1 0  p e r c e n t  

w i t h  some t h i n  s e c t i o n s  c o n t a i n i n g  i n  e x c e s s  o f  1 5  p e r c e n t .  



CHERT AND CHERTY ARGILLITE 

For t h e  purposes of t h i s  s tudy,  che r t  was r i g i d l y  def ined a s  

p o l y c r y s t a l l i n e  quar tz  w i t h  c r y s t a l s  l e s s  than . 0 2  mrn i n  
-5% a rq i l l a ceous  mat-rial diameter  and with 0 . Rock fragments 

with between 5 - 7 0 %  a rg i l l a ceous  and/or carbonaceous ma te r i a l  

were c l a s s i f i e d  a s  cher ty  a r g i l l i t e .  Because of t h e  

g rada t ions  t h a t  e x i s t  between c h e r t ,  cher ty  a r g i l l i t e ,  

s i l i c i f i e d  volcanics ,  and metaquar tz i t e ,  che r t  and c h e r t - l i k e  

g r a i n s  were o f t en  very d i f f i c u l t  t o  c a t e g o r i z e .  The che r t  

and che r ty  a r g i l l i t e  present  appeared t o  be a  mixed 

assemblage of d i v i t r i f i e d  ( s i l i c i f i e d )  vo lcan ics ,  sedimentary 

che r t  and t o  a  much l e s s e r  ex t en t  metachert and 

metaquar tz i t e .  In some cases ,  che r t  and cher ty  a r g i l l i t e  

g r a i n s  were found with g rada t iona l  t e x t u r a l  and composit ional  

t r a n s i t i o n s  which made determinig t h e  o r i g i n  of t h e  g ra in  

p o s s i b l e .  However i t  was not pos s ib l e  t o  d i s t i n g u i s h  t h e  

o r i g i n  of many che r t  and cher ty  a r g i l l i t e  g r a i n s .  Whenever 

remnants o r  ghosts  of phenocrysts  o r  a  f e l t y  t e x t u r e  was 

presen t  t h e  rock fragment was c l a s s i f i e d  a s  a vo lcan ic  rock 

fragment. Chert p lus  cher ty  a r g i l l i t e  made up 2 3  percent  of 

t h e  composition of t he  rocks s tud ied  with che r ty  a r g i l l i t e  

being t h e  more abundant.  

SEDIMENTARY ROCK FRAGMENTS 

A l l  g rada t ions  from a r g i l l i t e  t o  sha l e /  s l a t e  were p re sen t ,  

with a r g i l l i t e  being t h e  most common. Coal and organ ic  

d e t r i t u s ,  sandstone,  and s i l t s t o n e  fragments a r e  a  minor 

cons t i t uen t  i n  a l l  but two t h i n  s e c t i o n s .  

IGNEOUS ROCK FRAGMENTS 

Volcanic rock fragments made up about 1 0  percent  of t h e  

composition of t h e  i n t e r v a l  s t ud i ed .  The vo lcan ic  fragments 

cons i s t ed  of roughly equal  amounts of f e l s i c  and in te rmedia te  



v o l c a n i c  r o c k  f r a g m e n t s .  Only  a  t r a c e  ( l e s s  t h a n  1 p e r c e n t )  

o f  p l u t o n i c  r o c k  f r a g m e n t s  were  p r e s e n t .  

METAMORPHIC ROCK FRAGMENTS 

Metamorphic  r o c k  f r a g m e n t s  made up o n l y  6 p e r c e n t  o f  t h e  

t o t a l  d e t r i t a l  c o m p o s i t i o n .  The q u a r t z  mica  p h y l l i t e  

f r a g m e n t s  were t h e  most  common w i t h  lesser  amounts  o f  

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

DIFFERENTIATION OF UNITS BASED ON PETROGRAPHY 

D e t a i l e d  modal  a n a l y s i s  i n d i c a t e s  t h a t  some d i f f e r e n t i a t i o n  

o f  t h e  u n i t s  s t u d i e d  c a n  b e  made b a s e a  on  c o m p o s i t i o n .  I t  i s  

i n t e r e s t i n g ,  b u t  n o t  s u r p r i s i n g ,  t o  n o t e  t h a t  t h e  

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

b o u n d a r i e s .  The c o m p o s i t i o n a l  v a r i a t i o n s  do  however  o c c u r  a t  

t h e  member l e v e l  a n d  c o r r e s p o n d  t o  s i g n i f i c a n t  c h a n g e s  i n  t h e  

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

d e p o s i t i o n a l  s y s t e m  c a n  b e  b e s t  r e l a t e d  t o  t e c t o n i c  e v e n t s  

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

The f o l l o w i n g  t h r e e  d i v i s i o n s  c a n  b e  made b a s e d  on s u b t l e  b u t  

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

c o m p o s i t i o n :  1. C u e s t a  Creek  Member, T e n t  I s l a n d  F o r m a t i o n  

2 .  Mudstone Member, T e n t  I s l a n d  F o r m a t i o n  / S a n d s t o n e  Member 

o f  t h e  Moose C h a n n e l  3 .  M i n i s t i c o o g  Member o f  t h e  Moose 

C h a n n e l / A k l a k  Member o f  t h e  R e i n d e e r  F o r m a t i o n .  

CUESTA CREEK MEMBER 

The C u e s t a  Creek  Member c o n t a i n s  b o t h  t h e  h i g h e s t  p e r c e n t  o f  

t o t a l  q u a r t z  ( 5 0  p e r c e n t )  a n d  p o l y c r y s t a l l i n e  q u a r t z  ( 3 3  

p e r c e n t ) .  The C u e s t a  Creek  c o n t a i n s  a b u n d a n t  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 s  w i t h  g r e a t e r  t h a n  t h r e e  c r y s t a l s .  The 

p o l y c r y s t a l l i n e  g r a i n s  d i s p l a y  s t r a i g h t  c o n t a c t s  b e t w e e n  



e q u a n t  i n t e r l o c k i n g  c r y s t a l s .  I n  a d d i t i o n  t h e  C u e s t a  C r e e k  

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

q u a r E z .  Bo th  c h a r a c t e r i s t i c s  a r e  t y p i c a l  o f  q u a r t z  d e r i v e d  

f rom low g r a d e  metamorph ic  r o c k s .  The C u e s t a  C r e e k  a l s o  

c o n t a i n e d  t h e  h i g h e s t  p e r c e n t a g e  o f  me tamorph ic  r o c k  

f r a g m e n t s  o f  a n y  member s t u d i e d .  

E R  OF THF, TF,NT ISJAND AND THE SANDSTONE 

M'ZMRFR OF THE MOOSE C H A N N E L  FORMATION 

These  members c a n  b e  d i f f e r e n t i a t e d  f rom t h e  u n d e r l y i n g  

C u e s t a  C r e e k  a n d  o v e r l y i n g  M i n i s t i c o o g  a n d  Aklak Members by 

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

Whi le  p l a g i o c l a s e  was o n l y  a  r e l a t i v e l y  minor  c o n s t i t u e n t ,  

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

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

(Mudstone  Member) a n d  lower  Moose Channe l  ( S a n d s t o n e  Member) 

t h a n  i n  e i t h e r  t h e  u n d e r l y i n g  C u e s t a  Creek  o r  t h e  o v e r l y i n g  

M i n i s t i c o o g  a n d  Aklak Members ( e i g h t  p e r c e n t  v s  l e ss  t h a n  one  

p e r c e n t ) .  The amount o f  K-Fe ldspar  r e m a i n e d  r e l a t i v e l y  

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

The u p p e r  T e n t  I s l a n d  a n d  l o w e r  Moose C h a n n e l  a l s o  c o n t a i n e d  

a  much h i g h e r  p e r c e n t a g e  o f  v o l c a n i c  r o c k  f r a g m e n t s  ( 1 9 % )  

t h a n  e i t h e r  t h e  C u e s t a  Creek ( 2 % )  o r  t h e  M i n i s t i c o o g  a n d  

Aklak Members ( 4 % ) .  

THE AKLAK AND MINISTICOOG MEMBERS 

The Aklak  a n d  M i n i s t i c o o g  Members c o n t a i n e d  a  much h i g h e r  

p e r c e n t a g e  o f  c h e r t  + c h e r t y  a r g i l l i t e  ( 3 2 % )  t h a n  t h e  

u n d e r l y i n g  T e n t  I s l a n d  a n d  Moose Channe l  ( 1 8 % )  a n d  C u e s t a  

C r e e k  ( 1 4 % ) .  The i n c r e a s e  i n  c h e r t  a n d  c h e r t y  a r g i l l i t e  i s  

p r o b a b l y  a t  l e a s t  p a r t i a l l y  r e l a t e d  t o  t h e  d e c r e a s e  i n  

v o l c a n i c  r o c k  f r a g m e n t s  from t h e  u n d e r l y i n g  Mudstone a n d  

S a n d s t o n e  Members. S i l i c i f i c a t i o n  o f  v o l c a n i c  r o c k  f r a g m e n t s  



and t h e i r  subsequent t ransformat ion i n t o  che r t  and cher ty  

a r g i l l i t e  may expla in  t h i s  r e l a t i o n s h i p .  

NON-DETRITAL CONSTITUENTS 

Cements comprise only 5 percent  of t he  bulk composition of 

t h e  s tud i ed  t h i n  s e c t i o n s .  Cements c o n s i s t  of c a l c i t e ,  

s i d e r i t e ,  k a o l i n i t e ,  hemi t i t e ,  s i l i c a ,  c h l o r i t e ,  

i l l i t e / s m e c t i t e  ( i d e n t i f i e d  b y  scanning e l e c t r o n  microscope),  

and u n d i f f e r e n t i a t e d  c l a y .  Carbonate cement was t h e  most 

abundant and ocurred i n  s eve ra l  s t a g e s .  
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FIGURE 2 

LOCATION MAP FOR POINT C O U N T E D  S A N D S T O N E S  
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FIGURE 7 

COMPOSITIONAL V A R I A T I O N  BY MEMBER 
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