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Abstract:
The southeastern part of the Gallatin valley is primarily a structural basin resulting from a combination
of Laramide compressive forces and subsequent tensional stresses. The basin is partially filled by
Tertiary and Quaternary deposits of fresh-water and eolian origin. Marked differences in lithology aid
in differentiating Tertiary and Quaternary fill material.

Tertiary sediments consist of wind-and water-laid volcanic ash and tuffs interbedded with coarser
fluvial channel deposits. The channel gravels are composed mainly of volcanic detritus, some
fragments of Precambrian quartzite and gneiss, and a minor amount of debris from the Livingston
Formation of Late Cretaceous and Early Tertiary age. These sediments are partially cemented by
calcite. The exposed fluvial material is believed to have been deposited at least partly by westward
flowing streams; a late Miocene age (of deposition) is reasonably well established by vertebrate fossil
evidence. Total thicknes,s and oldest age of these deposits is undetermined because known drilled
wells do not completely penetrate these sediments in the basin.

Fluvial Quaternary sediments consist of rock fragments derived from the bordering basin rim and of
reworked Tertiary detritus. Topsoil may have . been deposited partially by wind.

Tertiary beds generally dip toward the basin rims and several minor normal faults displace these beds.
No deformation of Quaternary deposits is apparent and faults that deform Tertiary strata are (often)
overlapped by Quaternary sediments.

Geomorphic surfaces of several ages are developed on the basin fill. Present drainages appear to be
near grade and are adjusted to master streams of the region. 
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ABSTRACT

The s o u t h e a s t e r n  p a r t  o f  t h e  G a l l a t i n  v a l l e y  i s  p r i m a r i l y  a s t r u c t u r a l  
b a s i p  r e s u l t i n g  from a c o m b i n a t i o n  o f  Laram ide  c o m p r e s s iv e  f o r c e s  and sub­
s e q u e n t  t e n s i o n a l  s t r e s s e s .  The b a s i n  i s  p a r t i a l l y  f i l l e d  by T e r t i a r y  and 
Q u a t e r n a r y  d e p o s i t s  o f . f r e s h - w a t e r  and e o l i a n  o r i g i n .  Marked d i f f e r e n c e s  
i n  l i t h o l o g y  a i d  i n  d i f f e r e n t i a t i n g  T e r t i a r y  and Q u a t e r n a r y  f i l l  m a t e r i a l .

T e r t i a r y  s e d im e n t s  c o n s i s t  o f  w ind-and  w a t e r - l a i d  v o l c a n i c  ash and t u f f s  
i n t e r b e d d e d  w i t h  c o a r s e r  f l u v i a l  c h a n n e l  d e p o s i t s .  The c h a n n e l  g r a v e l s  a r e  
composed m a i n l y  o f  v o l c a n i c  d e t r i t u s ,  some f r a g m e n t s  o f  P r e c a m b r i a n  q u a r t z i t e  
and g n e i s s ,  and a m ino r  amount o f  d e b r i s  f rom t h e  L i v i n g s t o n  Fo rm a t io n  of.
L a t e  C r e t a c e o u s  and E a r l y  T e r t i a r y  a g e .  These  s e d im e n t s  a r e  p a r t i a l l y  c e ­
mented by c a l c i t e .  The exposed  f l u v i a l  m a t e r i a l  i s  b e l i e v e d  t o  have been 
d e p o s i t e d  a t  l e a s t  p a r t l y  by wes tward  f l o w i n g  s t r e a m s ;  a l a t e  Miocene age 
Cof d e p o s i t i o n )  i s  r e a s o n a b l y  w e l l  e s t a b l i s h e d  by v e r t e b r a t e  f o s s i l  e v i d e n c e .
T o t a l  t h i c k n e s s  and o l d e s t  age o f  t h e s e  d e p o s i t s  i s  u n d e te rm in e d  be c ause  
known d r i l l e d  w e l l s  do n o t  c o m p l e t e l y  p e n e t r a t e  t h e s e  s e d im e n t s  i n  t h e  b a s i n .

F l u v i a l  Q u a t e r n a r y  s e d im e n t s  c o n s i s t  o f  r o c k  f r a g m e n t s  d e r i v e d  from 
t h e  b o r d e r i n g  b a s i n  r im  and o f  reworded  T e r t i a r y  d e t r i t u s .  T o p s o i l  may have . . 
been d e p o s i t e d  p a r t i a l l y  by wind.

T e r t i a r y  beds  g e n e r a l l y  d i p  toward  t h e  b a s i n  r im s  and s e v e r a l  min or  
normal  f a u l t s  d i s p l a c e  t h e s e  b e d s .  No d e f o r m a t i o n  o f  Q u a t e r n a r y  d e p o s i t s  
i s  a p p a r e n t  and f a u l t s  t h a t  de fo rm  T e r t i a r y  s t r a t a  a r e  ( o f t e n )  o v e r l a p p e d  ■ 
by Q u a t e r n a r y  s e d i m e n t s .

Geomorphic  s u r f a c e s  o f  s e v e r a l  ages  a r e  d e v e lo p e d  on t h e  b a s i n  f i l l .
P r e s e n t  d r a i n a g e s  a p p e a r  t o  be n e a r  g r a d e  and a r e  a d j u s t e d  t o  m a s t e r  s t r e a m s  
o f  t h e  r e g i o n .  11



INTRODUCTION

P u r p o s e  and scope  o f  i n v e s t i g a t i o n : The p r i m a r y  o b j e c t i v e  o f  t h i s

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

g r a p h y  o f  T e r t i a r y  and Q u a t e r n a r y  b a s i n  d e p o s i t s  i n  t h e  s o u t h e a s t  c o r n e r  o f  

t h e  G a l l a t i n  V a l l e y ,  G a l l a t i n  County ,  Montana .  By means o f  f o s s i l  d a t i n g ,

I  have a t t e m p t e d  t o  a c c u r a t e l y  e s t a b l i s h  t h e  r e l a t i v e  g e o l o g i c  ages  o f  t h e  

v a r i o u s  Qenozoic s t r a t i g r a p h i c  u n i t s  i n  t h i s  a r e a .  S e c o n d a ry ,  b u t  a l s o
' ‘ i

c r i t i c a l  an^ complementary  o b j e c t i v e s ,  were t o  i n v e s t i g a t e  s t r u c t u r a l  d e ­

f o r m a t i o n  o f  t h e  b a s i n  d e p o s i t s  and t h e  g e n e r a l  geomorph ic  deve lopm en t  o f  

t h e  p r e s e n t  t o p o g r a p h y .  The em phas i s  i s  d i r e c t e d  towarcj p h a s e s  o f  C enozo ic  

h i s t o r y  and t h u s  o n l y  s u f f i c i a l  d i s c u s s i o n  o f  A r c h e o z o i c ,  P a l e o z o i c ,  and 

M esozo ic  g e o lo g y  i s  g i v e n  where t h e s e  d a t a  have a d i r e c t  b e a r i n g  on th e  

C enozo ic  h i s t o r y  o f  t h e  a r e a .

The f i e l d  i n v e s t i g a t i o n  was c o n d u c t e d . i n t e r m i t t e n t l y  be tween  t h e  l a t t e r  

p a r t  o f  J u l y  and t h e  m id d le  o f  O c t o b e r ,  1961.  L a b o r a t o r y  work was c o n d u c te d  

c o n c u r r e n t l y  w i t h  t h e  f i e l d  work and com ple ted  l a t e  i n  November,  1961.

The a r e a  o f  s t u d y ,  a p p r o x i m a t e l y  50 s q u a re  m i l e s ,  i s  r e p r e s e n t e d  on th e  

e n c l o s e d  map ( P l a t e  I ) .  A f u r t h e r  d i v i s i o n  o f  t h e  a r e a  i n t o  s u b a r e a s  o f  

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

f a c i l i t a t i n g  d i s c u s s i o n  h e r e i n .  These  s u b a r e a s ,  Bozeman f a n ,  Mt. E l l i s  f a n ,  

F o r t  E i l i s  s u b a r e a ,  and Beacon H i l l  s u b a r e a ,  a r e  p l o t t e d  on t h e  i n c l u d e d  

i n d e x  map ( F i g .  I ) .  The, names Bozeman f a n ,  Mt. E l l i s  f a n ,  and F o r t  E l l i s  

s u b a r e a  were p r e v i o u s l y  used by H a c k e t t  and o t h e r s  ( I 9 6 0 ) .

G e o g ra p h y : The s o u t h e a s t  c o r n e r  o f  t h e  G a l l a t i n  V a l l e y  i s  b o r d e r e d  on

t h e  e a s t  by t h e '  s o u t h e r n ' e x t r e m i t y ^ o f  t h e  B r i d g e r  Range a n d j a d j a c e n t  h i g h ­

l a n d s  and bn t h e  south ' -by  t h e  G a l l a t i n  Range.
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Major  s t r e a m s  i n c l u d e d  w i t h i n  t h e  a r e a  a r e  B r i d g e r  C re e k ,  Sourdough o r  

Bozeman C r e e k ,  B e a r  Creek  and Rocky Creek  which combine w i t h i n  t h e  a r e a  t o  

form t h e  E a s t  G a l l a t i n  R i v e r .  The West  G a l l a t i n .  R i v e r  and Middle  Creek  a r e  

i m p o r t a n t  s t r e a m s ,  l o c a t e d  beyond t h e  w es t  boundary  o f  t h e  map a r e a ,  t h a t  

a r e  g e o g r a p h i c a l l y  and g e o l o g i c a l l y  r e l a t e d  t o  p rob lem s  a s s o c i a t e d  w i t h  t h e  

t h e s i s , a r e a .  The r e g i o n a l  m a s t e r  s t r e a m  i s  t h e  M i s s o u r i  R i v e r  which l e a v e s  

t h e  v a l l e y  a t  T r i d e n t .

The s o u t h e a s t e r n  p a r t  o f  t h e  G a l l a t i n  V a l l e y  i n c l u d e s  t h e  c i t y  o f  Boze­

man, c u l t u r a l  and commerc ia l  c e n t e r  o f  t h e  r e g i o n ,  and home o f  Montana S t a t e  

C o l l e g e .  I t  i s  a l s o  a t r a n s p o r t a t i o n  hub ,  b e in g  s e rv e d  by two r a i l r o a d s ,  

and i s  a j u n c t i o n  p o i n t  o f  n o r t h - s o u t h  and e a s t - w e s t  highway s y s te m s .  A g r i ­

c u l t u r e  i s  t h e  m a j o r  i n d u s t r y  and t h e  r e g i o n  i s  famous a s  an o u t d o o r  r e c r e a ­

t i o n a l  a r e a .

The c l i m a t e  o f  t h e  a r e a  i s  c h a r a c t e r i z e d  by long  c o ld  w i n t e r s  and s h o r t  

m i ld  summers. Average  a n n u a l . p r e c i p i t a t i o n  a t  Bozeman i s  a p p r o x i m a t e l y  18 

i n c h e s  ( H a c k e t t  arid o t h e r s ,  1960) .

PREVIOUS GEOLOGIC INVESTIGATIONS

I d d i n g s  and Weed (1894)  dnd P e a l e  (1896)  p r o v i d e d  t h e  f i r s t  g e o l g i c  

mapping and d e s c r i p t i o n  o f  t h e  a r e a .  P e a l e  (1896)  was f i r s t  t o  d e s c r i b e  

t h e  T e r t i a r y  b a s i n  d e p o s i t s  i n  t h e  G a l l a t i n  V a l l e y  and named them th e  "Boze ­

man. Lake B e d s " . He b e l i e v e d  t h e  Th re e  F o r k s  B a s i n ,  i n  which t h e  G a l l a t i n  - 

V a l l e y  i s  s i t u a t e d ,  was t h e  s i t e  o f  a huge f r e s h  w a t e r  l a k e ,  G a l l a t i n  Lake ,  

p o s s i b l y  c o v e r i n g  an a r e a  as  g r e a t  as  1 ,400  s q u a re  mil es ;  d u r i n g  m idd le  and 

l a t e  T e r t i a r y  t i m e .  He a t t r i b u t e d  b a s i n  d e p o s i t s  o f  t h i s  age t o  s t r e a m  

t r a n s p o r t  o f  l o c a l l y  d e r i v e d  s e d im e n t s  i n t o  t h e  l a k e ,  s e t t l i n g  o f  v o l c a n i c
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ash  i n  t h e  l a k e  d u r i n g  v o l c a n i c  e r u p t i o n s  i n  the  a d j o i n i n g  r e g i o n ,  and t r a n s ­

p o r t  o f  a sh  i n t o  th.e l a k e  by s t r e a m s .

In 1903,  D oug la s  d e s c r i b e d  Miocene and P l i o c e n e  f a u n a s  t h a t  were c o l ­

l e c t e d  i n  b a s i n  d e p o s i t s  a lo n g  th e  Madison R i v e r  b l u f f s  t e n  m i l e s  wes t  o f  

Bozeman. T h e s e  s e d im e n t s  a r e  l i t h o l o g i c a l l y  and s t r a t i g r a p h i c a l l y  s i m i l a r  

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

s e n t  p a p e r .

Wood (1933,  1938 )* [ S c h u l t z  and F a lk e n b a c h  (1940^,  and D o r r  (1956) 

d e s c r i b e d  f a u n a s  e x t r a c t e d  from T e r t i a r y  s t r a t a  n e a r  Anceney  between th e  

West  p a l l a t i n  and Madison r i v e r s  w e s t  o f  t h e  map a r e a .  Maps o f  S k e e l s  (1939)  

and McMannis (1955)  i n  p a r t  o v e r l a p p e d  t h e  t h e s i s  a r e a  and t h e s e  a u t h o r s  . 

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

r e l a t i o n s h i p  t o  t h e  g e o lo g y  o f  t h e  s o u t h e a s t  c o r n e r  o f  t h e  v a l l e y .  G e o l o g i c  

s t r u c t u r e  o f  t h e  G a l l a t i n  V a l l e y  was a l s o  d e s c r i b e d  by F i x  (1 9 4 0 ) .

The name "Bozeman Lake Beds" r em ain ed  in  vogue f o r  many y e a r s .  The 

mos t  r e c e n t ,  b u t  c e r t a i n l y  n o t  t h e  f j r s t ,  d i s a g r e e m e n t  w i t h  P e a l e 1s l a c u s t r i n e  

i n t e r p r e t a t i o n s  i s  c o n t a i n e d  i n  work by H a c k e t t  and o t h e r s  (1960 ) ,  who s t u d ­

i e d  t h e  g e o lo g y  o f  t h e  a r e a  w i t h  r e f e r e n c e  t o  i t s  r e l a t i o n  t o  unde rg round  

w a t e r  r e s o u r c e s .  Robinson  (1961) p u b l i s h e d  a s y n t h e s i s  o f  g e o l o g i c  d e v e l ­

opment o f  t h e  b a s i n  t h a t  i n c l u d e d  r e s u l t s  o f  h i s  i n v e s t i g a t i o n s  i n  t h e  T o s t o n -  

T h r e e  F o rks  a r e a  and a l s o  i n c o r p o r a t e d  r e s u l t s  of  most  o f  t h e  p r e v i o u s l y  

m en t io n e d  i n v e s t i g a t i o n s  as  w e l l  as  o t h e r  i n v e s t i g a t i o n s  i n  a d j a c e n t  a r e a s .

A l though  t h e  nanje "Bozeman Lake Beds" remained  i n  use  f o r  many y e a r s ,  

H a c k e t t  and o t h e r s  (1960)  found e v i d e h c e  ( f r e s h  w a t e r  l a k e  f o s s i l s )  o f  t r u e  

l a c u s t r i n e  d e p o s i t s  i n  t h e  ,w e s te rn  p o r t i o n  o f  t h e  b a s i n  b u t  conc luded  t h a t
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t h e  m a j o r i t y  o f  t h e  d e p o s i t s  exposed  i n  t h e  b l u f f s  e a s t  o f  the Madison
\ i

R i v e r ,  i n  t h e  Anceney a r e a  and e a s t w a r d ,  a r e  t h e  r e s u l t  o f  f l u v i a l  and 

e o l i a n  d e p o s i t i o n  on a l and  s u r f a c e  r a t h e r  t h a n  i n  a l a k e :

„ R o b in s o n  (1961)  g e n e r a l l y  c o n c u r s  w i t h  H a c k e t t s ' s  c o n c l u s i o n s  on t h e  

f l u v i a l  and e o l i a n  o r i g i n  o f  many o f  th d  d e p o s i t s  and s u g g e s t s  t h a t  v a r i o u s  

s t r a t i g r a p h i c  u n i t s  a r e  d e s e r v i n g  o f  f o r m a t i o n a l  s t a t u s  and t h a t  P e a l e ' s  

"Bozeman Lake Beds" s hou ld  be renamed t h e  Bozeman Group^.  However,  he d i d  

n o t  f o r m a l l y  i n t r o d u c e  s p e c i f i c  f o r m a t i o n a l  names a t  t h a t  t im e .  • ‘

The w r i t e r  u s e s  t e r m i n o l o g y  i n t r o d u c e d  by H a c k e t t  and o t h e r s  ( I960 )  and 

Rob inson  ( 1 9 6 1 ) .

REGIONAL GEOLOGY

B a s in  e v o l u t i o n : The s o u t h e a s t  c o r n e r  o f  t h e  G a l l a t i n  V a l l e y  i s  p a r t  o f  an

i n t e r m o n t a n e  b a s i n  known as  t h e  Three  F o r k s  B a s in  (R ob inson ,  1961) .  P e a l e  

(1896)  a t t r i b u t e d  f o r m a t i o n  o f  t h e  b a s i n  t o  f o l d i n g  and f a u l t i n g  which d e ­

p r e s s e d  t h e  b a s i n  a r e a  w i t h  r e s p e c t  t o  t h e  m ounta in  f r o n t s  and dammed t h r o u g h -  

f l o w i n g  d r a i n a g e s  a t  t h e  b a s i n  mouth .  Damming o f  t h e  s t r e a m s  r e s u l t e d  i n  

f o r m a t i o n  o f  l a k e s  i n  t h e  b a s i n  which were t h e  d e p o s i t i o n a l  s i t e  o f  t h e  so 

c a l l e d  "Bozeman Lake B e ds" .  ,

Atwood (1916)  b e l i e v e d  t h e  i n t e r m o n t a n e  b a s i n s  o f  s o u t h w e s t e r n  Montana,  

p r e s u m a b ly  i n c l u d i n g  t h e  T h re e  F o r k s  B a s i n ;  o r i g i n a t e d  by warp ing  and some
i  , . ■

normal  f a u l t i n g  o f  an Eocene p e n e p l a i n .  He p o s t u l a t e d  t h a t  t h i s  s t r u c t u r a l  

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

o f  t h e  main d r a i n a g e  l i n e s "  (Atwood, 1916, p .  7 0 8 ) .  E n l a rg e m e n t  o f  t h e  

t r o u g h s  and f u r t h e r  d e v e lopm en t  o f  t h e  bd s i f i s  were t h e  r e s u l t  o f  s t r e a k  e r o ­

s i o n  d u r i n g  a s u b s e q u e n t  d e g r a d a t i o n a l  p e r i o d .  Lava f lo w s  and w a rp in g  in
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t h e  m oun ta in  a r e a s  were b e l i e v e d  t o  have b lo c k e d  d r a i n a g e  e x i t s  f rom th e  

v a l l e y s  and b a s i n s  f o rm in g  l a k e s .

P a r d e e  (1950) a t t r i b u t e d  t h e  in te r m o n ta r i e  t r o u g h s  and v a l l e y s  t o  

d e p r e s s i o n  c aused  by c r u s t a l  movement t h a t  a l s o  caused  O l i g o c e n e  and Miocene 

d r a i n a g e  t o  become s l u g g i s h  i n  t h e  d e p r e s s i o n s  w i t h  r e s u l t a n t  a g g r a d a t i o n  

o f  t h e  " l a k e  b e d s " .  He a l s o  a t t r i b u t e d  l a t e r  c e s s a t i o n  o f  d e p o s i t i o n  and 

d e f o r m a t i o n  o f  t h e  " l a k e  b e d s " . t o  a c c e l e r a t e d  l o c a l  c r u s t a l  movements t h a t  

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

P l i o c e n e  o r  e a r l y  P l e i s t o c e n e .
'i

R obinson  (1961)  a t t r i b u t e s  i n i t i a l  f o r m a t i o n  o f  t h e  b a s i n  t o  t h e  l a s t

p h a s e  o f  Laram id e  c o m p r e s s iv e  f o r c e s  t h a t  i n t e r r u p e d  an e a s t w a r d  d r a i n a g e

sys tem  d u r i n g  m id d le  o r  l a t e  Eocene  t i m e .  T h i s  i n t e r r u p t i o n  l a t e r  r e s u l t e d

i n  a b r i e f  p e r i o d  o f  i n t e r i o r  d r a i n a g e  d u r i n g  which a l a k e  formed i n  t h e  
' V '

s o u th w e s t  p a r t  o f  t h e  a r e a  and began t o  c o l l e c t  sediments. F l u v i a l  and

l a c u s t r i n e  a g g r a d a t i o n  c o n t i n u e d  t h r o u g h o u t  Eocene and i n t o  O l ig o c e n e  t im e
'

and s e d im e n t s  c o n s i s t i n g  o f  m oun ta in  w a s t e  and v o l c a n i c  ash  were d e p o s i t e d .  

Resum ption  o f  e x t e r i o r  d r a i n a g e  d u r i n g  l a t e r  O l i g o c e n e  c aused  d e g r a d a t i o n  t o  

be dom inan t  i n  t h e  b a s i n  u n t i l  l a t e  M iocene .  D ur ing  t h i s  e r o s i o n a l  p h a s e ,  

many Eocene and O l i g o c e n e  d e p o s i t s  were r em oved .

A p a r t i a l l y  c l o s e d  b a s i n  may have begun t o  d e v e lo p  i n  l a t e  Miocene ,  

p r o b a b l y  c aused  by a new u p l i f t  o f  t h e  B r i d g e r  Range,  and f l u v i a l  a g g r a d a t i o n  

o f  ash  and c o a r s e  w a s t e  became dom inan t  i n  t h e  e a s t e r n  p a r t  o f  t h e  b a s i n .  

D u r i n g  t h i s  p e r i o d  o f  a g g r a d a t i o n  i n  t h e  e a s t ,  e r o s i o n  do m in a te d  t h e  w e s t e r n  

p a r t .  Ash d e p o s i t i o n  ce ase d  and c o a r s e  s e d im e n t  d e p o s i t i o n  became dom in an t  

a t  t h e  end o f  Miocene  t i m e .  R e j u v e n a t i o n  o f  e a s t w a r d  f l o w i n g  s t r e a m s  a l s o
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o c c u r r e d .  The e n t i r e  b a s i n  was d e e p l y  f i l l e d  w i th  s e d im e n t  by l a t e  P l i o c e n e  

t im e  fo rm in g  a g r a v e l  p l a i n  on t h e  s u r f a c e ; t h e  d r a i n a g e  remained  e a s t e r l y  

b u t  became s l u g g i s h .  L a t e  P l i o c e n e  o r  e a r l y  P l e i s t o c e n e  were marked by a 

r e g i o n a l  u p l i f t  w i t h  g r e a t e s t  r e l a t i v e  u p l i f t  a long  th e  s o u t h e r n  r im o f  t h e  

b a s i n .  nThe l a t e  T e r t i a r y  p l a i n  d e v e lo p e d  a n o r t h w e s t e r l y  s l o p e ,  and a 

c o n s e q u e n t  s t r e a m  sys tem  fo rm ed” (R ob inson ,  1961) .  A r e c u r r e n t  r i s e  o f  t h e  

B r i d g e r  Range impeded e a s t w a r d  d r a i n a g e  and t h e  p r e s e n t  M i s s o u r i  R i v e r  d r a i n ­

age sys tem  e v o l v e d .

R o b in s o n  p o s t u l a t e s  r e c u r r e n t  e a s t w a r d  t i l t i n g  o f  t h e  b a s i n  and a p r o ­

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

O l i g o c e n e  se d im e n t  d o m i n a t i n g  t h e  e x p o s u r e  i n  t h e  w e s t e r n  h a l f  o f  t h e  b a s i n  

and Miocene and P l i o c e n e  s e d im e n t s  d o m i n a t i n g  t h e  e a s t e r n  h a l f .

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

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

l a t e r  i n  t h i s  p a p e r .

S t r a t i g r a p h y : McMannis (1955) d e s c r i b e d  i n  d e t a i l  t h e  s t r a t i g r a p h y  o f

t h e  B r i d g e t  Range,  l o c a t e d  d i r e c t l y  n o r t h  o f  the t h e s i s  a r e a .  The f o l l o w ­

in g  i s  an a d a p t a t i o n  o f  McMannis* and R o b i n s o n ’ s v e r s i o n s  o f  t h e  s t r a t i ­

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

o r  r o c k s  o f  t h e  r e g i o n s  i n  and s u r r o u n d i n g  th e  G a l l a t i n  V a l l e y .
' I
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i t i c  g r a v e l s  and conglome­
r a t e s ;  t u f f aceous  s a n d ­
s t o n e s  and s i l t s t o n e s ;  anc 
p u r e  ash  d e p o s i t s  o f  f l u ­
v i a l  and e o l i a n  o r i g i n .

f h i c k n e s s  
F e e t

0 -300
p l u s

W h i t e ,  t u f f a c e o u s ,  f o s s i l -  
i f e r o u s ,  t h i n - b e d d e d  s i l t -  
s t o n e s  and s a n d s t o n e .

0 -1500
p l u s

0-800
p l u s

TERTIARY
<u
C..0)O

£ ' ■

CD
£3
CDOO
CD

r—I
CD

CU

?

g ' BW O 
OS M  
U  U

UPPER

z
<c
S
M
N
O
CQ

u n c o n f .

B a s a l  I d c a l l i z e d  l i m e s t o n e  
c o n g l o m e r a t e ;  g r a d e s  up­
ward i n t o  l a c u s t r i n e ,  wh i te  
t u f f a c e o u s  l i m e s t o n e ,  s a n d ­
s t o n e  and c o n g l o m e r a t e ,  0 -1300
which  g r a d e s  upward i n t o  p l u s
l a c u s t r i n e  and f l u v i a l ,  
b e n t o n i t i c  c l a y  and sand 
g r a c e s  upward i n t o  O l i g - -  
ocene  u n i t s .

.unconf .? .

L i v i n g s t o n  frti.

C o a r s e  c o n g lo m e r a t e ,  some 
a n d e s i t i c  sand l e n s e s  

A n d e s i t i c  s a n d s t o n e ,  s p o r ­
a d i c  c o n g lo m e ra t e  beds  

C o a r s e  c o n g lo m e r a t e ,  some 
a n d e s i t i c  s a n d s t o n e  

S i l t s t o n e , s h a l e ,  some an­
d e s i t i c  s a n d s t o n e s  and 
f r e s h - w a t e r  l i m e s t o n e s  

A n d e s i t i c  s a n d s t o n e ,  a n ­
d e s i t e  c o n g lo m e r a t e s

up t o  
14 ,500
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Genera lized S t r a t i g r a p h i c  Sec t ion

Age S t r a t i g r a p h i c  Un i t G e n e r a l  L i t h o l o g y ! 'Th ickness
F e e t

E a g l e  S a n d s to n e S a l t  and p e p p e r  s a n d s t o n e ,  
p a r t l y  m a r i n e .

100-
600

§
S

*

- I

UPPER

?

C o l o r a d o  fm. B lack  s h a l e ,  r u s t y  g r a y -  
g r e e n  s a n d s t o n e  and 
s i l t s t o n e ,  minor  g r a y ,  
s a l t  and p e p e r  s a n d s t o n e .

M a r ine .

1200-
2400

LOWER

K o o te n a i  fm. B a s a l  c o n g l o m e r a t i c  s a n d ­
s t o n e  and upper  s a n d s t o n e  
m e d i a l  r e d - p u r p l e  c l a y -  
s t o n e  and s h a l p .

386-
447

M o r r i s o n  fm.

V a r i e g a t e d  s h a l e  and mud­
s t o n e ,  w i t h  i n t e r b e d d e d  
r u s t y  c a l c a r e o u s  s a n d ­
s t o n e s

110-
444'

S w i f t  
. s a n d s t o n e

------d i s c o n f .

Ye l lo w  c a l c a r e o u s  s a n d s t o n e ,  
b a s a l  c o n g lo m e ra t e  o r  peb ­
b l y  z o n e .

50-
100

JURASSIC
'O,3O
O

R i e r d o n  fm.
M a ss iv e  g r e y ,  o o l i t i c  l im e ­

s t o n e ,  w i th  o v e r l y i n g  
s h a l y  b e d s .

0 -
114

•H
I-H
M S a w to o th  fm. F i n e - g r a i n e d ' d a r k - g r a y  l im e ­

s t o n e ,  i n t e r b e d d e d  s h a l e .  • 
. F r a g m e n t a l  l i m e s t o n e  with' -  

c h b r t  p e b b le s  i n  lower  
p a r t .  - L o c a l l y  a t  t o p  a ■" 
r e d ^ y e l l o w  s i l t s t o n e .  -

'

20-
145

PERMIAN -
; ■ : P h o s p h o r i a  fm, 

-----------d i s c o n f . -----------u.

At many p l a c e s  a c h e r t  b r e c ­
c i a  p h o s p h o r i t e  n o d u l a r  
c h e r t ,  and c o n g lo m e ra t e  
zone o c c u r s  a t  t h i s  h o r i z o r

0 -
26

I



M
IS

SI
SS

IP
PI

A
N

11

Generalized S t r a t i g r a p h i c  Sec t ion

S t r a t i g r a p h i c  Un i t G e n e ra l  L i t h o l o g y rtiickness
F e e t

PENNSYLVANIAh.

LOWER'

Quadran t  fm.

Amsden fm.

d i s c o n f

l o c a l
d i s c o n f , .

d i s c o n f . -

M is s i o n  
Canyon fm.

P d l e - y e l l o w  t o  w h i t e ,  pu re  
q u a r t #  s a n d s t o n e  Or q u a r t z ­
i t e ,  l o c a l l y  c a l c a r e o u s .
A few t t i i n ,  l i g h t - g r a y  
d o l o m i t e  b e d s .

U p p e r . l i g h t - g r a y  d o l o m i t e  
w i t h  some t h i n  q u a r t z  
s a n d s t o n e  b e d s .

Lower r e d  s i l t s t o n e  u h i t  
w i t h  some v a r i e g a t e d  d o ­
l o m i t e  and impure f o s s i l -  
i f e r o u s  l i m e s t o n e  b e d s .

Chefty l i m e s t o n e .
B l a c k  s h a l y  l i m e s t o n e  and 

b l a c k  s h a l e .

L o c a l l y  r e d  s i l t y  beds  a t
t o p .

Red and y e l l o w  s a n d s t o n e  o r  
c a l c a r e n i t e .

Red s i l t s t o n e ,  w i t h  a few 
p u r p l e  and p a l e - y e l l o w  
s p l o t c h e d  d o l o m i t e s .

B a s a l  d o l o m i t e  and d o l o ­
m i t e  o r  l i m e s t o n e  b r e c -  

. c i a

S o l u t i o n  c h a n n e l s , ca ves  
a t  t o p .  ,

M a s s i v e ,  l i g h t - g r a y  l i m e -  " 
s t o n e s ,  s o l u t i o n  b r d c -  , 
c i a s  a t  s e v e r a l  h o r i z o n ^

165

113-
185

H -  , 
189

O-

O-
163

0 -
100

430 -
950
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G e n e r a l i z e d  S t r a t i g r a p h i c  S e c t i o n

Age . S t r a t i g r a p h i c  l lr ii t

i

G e n e r a l  L i t h o l o g y T h i c k n e s s
F e e t

LOWER

9

M
AD

IS
ON

 G
RO

UP L odge po le  fm. T h i n - b e d d e d ,  y e l l o w  t o  r e d -  
s t a i n e d ,  f o s s i l i f e r o u s  
l i m e s t o n e .

Lower d a r k - g r a y ,  t h i n k  
b e d d e d , l e s s  f o s s i l i f e r ­
ous l i m e s t o n e

750-
810

DEVONIAN(?)

9

S a p p i n g t o n  fm.
2 - 3  f e e t  b l a c k  s i l t y  sh .a le .  
Ye l low s a n d s t o n e  g r a d i n g  

downward- i n t o  s i l t y  and 
' s a n d s t o n e  l i m e s t o n e .

B a s a l  b l a c k  s h a l e .

4 6 -  
■ 99

d i s c o n f . 

T h re e  F o r k s  fm.

Gray l i m e s t o n e  a t  t o p - '1’ 
Yellow. S i l t s t o n e  and 
g r e e n  s h a l e .  M iddle  

. l e d g e - f o r m i n g ,  J j r e c -  
c i a t e d  l i m e s t o n e .  B asa l  
e v a p o r i t e  s o l u t i o n  b r e c ­
c i a s ,  and r e d  and o range  
n o d u l a r  l i m o r i i t i c  s h a l e .

155-
156

D
E

V
O

N
I

A
N UPPER

J e f f e r s o n  fm.

L i g h t -  arid d a r k - b r o w n ,  
t h i c k - b e d d e d  do lomi te . ,  
d o l O m i t i c  l i m e s t o n e ,  arid 
l i m e s t o n e .  A few i n t e r ­
c a l a t e d  y e l l o w  arid p a l e  
p i n k  d o l o m i t i c  s i l t s t o n e  
b e d s .

497-
620

MIDDLE
&

LOWER
Maywood- (?)  fm.

Y e l low  m uds tones  and s i l t -  
s t o n e ,  t h i n  d o l o m i t e  beds 
G rades  upward i n t o  J e f f e r ­
son .

Red, b l o c k y  s i l t s t o n e ,  w i th  
r e d - s t a i n e d  b r e c c i a t e d  
l i m e s t o n e  beds  i n  lower  
p a r t .  ,

B a s a l  r e d ,  f i s s i l e  s h a l e .

39-
92
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Genera lized S t r a t i g r a p h i c  S e c t io n ,  Bridger Range, Montana

Age S t r a t i g r a p h i c  U n i t G e n e r a l  L i t h o l o g y
\

T h i c k n e s s
f e e t

C
A

M
B

R
I

A
N

i

----- ?

UPPER

SN
OW

Y 
RA

NG
E 

FO
RM

AT
IO

N Sage  p e b b l e
c o n g lo m e ra t e
member

F i n e - g r a i n e d ,  t h i n - b e d d e d  
d e n s e  l i m e s t o n e  and l i m e ­
s t o n e  p e b b le  c o n g lo m e r a t e ,  
w i t h  i n t e r b e d d e d  g r e e n  
s h a l e .  B a s a l  co lum nar  
l i m e s t o n e .

121-
204

Dry C reek  
s h a l e  member

G r a y - g r e e n  f i s s i l e  s h a l e ,  
w i t h  i n t e r b e d d e d  y e l l o w  
c a l c a r e o u s  s i l t s t o n e  arid 
s a n d s t o n e .

42 -
76

P i l g r i m  fm.

•Massive l i g h t -  arid d a r k - g r a y  
m o t t l e d , o o l i t i c  l i m e s t o n e .  
L o c a l  r e e f o i d  deve lopm en t  
a t  b a s e .

T h i n  t o  t h i c k - b e d d e d ,  g r a y  
edg e w ise  and f l a t - p e b b l e  
l i m e s t o n e  c o n g lo m e ra t e  
w i t h  i n t e r b e d d e d  g r e e n  
s h a l e .

B a s a l  l e d g e  - fo rm in g ,  m a s s i v e ,  
o o l i t i c ,  m o t t l e d -  l i m e s t o n e .

363-
433

MIDDLE P a r k  fm.

J

Green and maroon f i s s l e  sha le  
w i t h  t h i n - b e d d e d  l i m e s t o n e  
u n i t  a t  t o p  arid, l o c a l l y ,  
i r i t e r c a l a t e d  c o n g l o m e r a t i c ,  
a r k o s i c  l i m e s t o n  and a rkose  
be ds  i n  lower  p o r t i o n .

190-
192
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Genera lized S t r a t i g r a p h i c  S e c t io n ,  Bridger Range, Montana

Age S t r a t i g r a p h i c  U n i t G e n e r a l  L i t h o l o g y  ' T h i c k n e s s
F e e t

C
A

M
B

R
I

A
N

MIDDLE

Meagher  fm.

T h i n - b e d d e d ,  d a r k - g r a y  d e nse  
l i m e s t o n e  w i t h  i r t t e r b e d d e d  
g r e e n  s h a l e .

Midd le  m a s s iv e  d a r k - g r a y  d e n ­
se l i m e s t o n e  w i t h  i n t e r -  
bedded g r e e n  and y e l l o w  
s i l t y  s h a l e .

368-
370

Wolsey fra.

Green ahd maroon,  m icaceous  
s h a l e  w i t h  i r i t e r b e d d e d  
m ic a ce ous  s a n d s t o n e  and 
s i l t s t o n e ,  L o c a l l y  con­
t a i n s  c o n g l o m e r a t i c  a r k -  
o s i c  l i m e s t o n e  arid a r k o s e .

152-
210

F l a t h e a d  fm. 

u n ^ o n f ...

Red, p a l e  o r a n g e ,  and w h i t e  
s arids t o n e , l o c a l l y ,  q u a r t z -  
i t i c .  L o c a l l y  c o n t a i n s  
much f e l d s p a r ,  becoming 
a r k o s i c .  C o n g l o m e r a t i c  
i n  p l a c e s .

119-
142

P
R

E
C

A
M

B
R

I
A

N

ALGONKIAh
B e l t  s e r i e s  
(LaHood fm.)

C o a r s e ,  m a s s i v e ,  p o o r l y  
bedded a r k o s e s arid con­
g l o m e r a t i c  a r k o s e s, v e r y  
c o a r s e  g n e i s s  b o u l d e r  con­
g l o m e r a t e  i n  s o u th w e s t  
p a r t  o f  a r e a .  I r i t e r b e d d e d  
d a r k - g r a y  a r g i l l i t e  arid a 
few s i l i c e o u s  l i m e s t o n e  beds  
i n  n o r t h e r n  p a r t  o f  a r e a .  .

10,000
p l u s

■ARCHEAN? M etamorph ics

G n e i s s ,  s c h i s t ,  m e t a q u a r t z i t e ,  
m a r b l e ,  i r i j e c t i o n  g n e i s s , 
numerous p e g m a t i t e  d i k e s ,  
and v e i n s .

?

' ' -
Approx imate  t o t a l  t h i c k n e s s  

o f  s e c t i o n .
27 ,000

p l u s



15

Laramlde  t e c t o n i c s :  The most  o b v io u s  s t r u c t u r a l  f e a t u r e s  o f  t h e  r e g i o n

were formed d u r i n g  th e  La ram id e  o r o g e n y . The b e g i n n i n g  o f  c o m p r e s s i o n a I 

f o l d i n g  to o k  p l a c e  i n  l a t e  C r e t a c e o u s  t im e  and p r o g r e s s e d ,  a p p a r e n t l y  s p o r a d ­

i c a l l y  (McMannis1 1955) ,  u n t i l  l a t e  P a l e o c e n e  o r  e a r l y  Eocene (K le p p e r  and 

o t h e r s , 1957)„ V u lcan ism  and ig n e o u s  a c t i v i t y  o c c u r r e d  bo n tem p o ran e o u s ly  

w i t h  t h e  f o l d i n g  and f a u l t i n g  and was r e s p o n s i b l e  f o r  s u p p l y i n g  v a s t  q u a n t i ­

t i e s  o f  s e d im e n t  t h a t  wbs d e p o s i t e d  l o c a l l y  as  t h e  L i v i n g s t o n  F o r m a t io n .

Many W r i t e r s  b e l i e v e  t h e  c o m p r e s s i o n a l  and t e n s i o n a l  f o r c e s  d e v e lo p e d  d u r i n g  

t h e  Laram ide  r e v o l u t i o n  e x p l o i t e d  a n c i e n t  s t r u c t u r a l  weakness  zones  i n  c r y s ­

t a l l i n e  basem en t  r o c k s  and many o f  t h e  s t r u c t u r a l  t r e n d s  and f e a t u r e s  o f  t h e  

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

A c c o r d in g  t o  McMannis ( p e r s o n a l  co m m u n ic a t io n ) ,  s t r u c t u r a l  f e a t u r e s  i n  

the-  r e g i o n  i n d i c a t e  a t  l e a s t  two m a jo r  d i r e c t i o n s  o f  r e l i e f  f rom a p p a r e n t l y  

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

u re  as  v a r i a b l e  r o c k  u n i t s  a d j u s t e d  t o  r e l i e v e  t h e  c o m p r e s s i o n .

L a t e  T e r t i a r y  f a u l t i n g  i s  i n d i c a t e d  by f i e l d  e v i d e n c e  and i s  r e p o r t e d  ■ 

by many (McManpis, 1955) .  I n d i c a t i o n s  o f  r e c e n t  f a u l t i n g  a r e  d i s c l o s e d  by 

f i e l d  e v i d e n c e  i n  t h e  b a s i n  wes t  o f  t h e  West G a l l a t i n  R i v e r  (M a r t in  M i f f l i n ,

p e r s o n a l  c o m m u n i c a t i o n ) .
' ■ '  l '

Q u a t e r n a r y  e v e n t s : G l a c i a l  a c t i v i t y ,  d u r i n g  P l e i s t o c e n e  t im e ,  o c c u r r e d

i n  t h e  B r i d g e r  Range to  the  n o r t h  and was a p p a r e n t l y  v e r y  e x t e n s i v e  i n  t h e

G a l l a t i n  Range t o  t h e  s o u th  (McMannilT p e r s o n a l  co m m u n ic a t io n ) .  E f f e c t s  o f  

a s s o c i a t e d  c l i m a t i c  e x t r e m e s  a r e  b e l i e v e d  t o  be v e r y  i m p o r t a n t  in  t h e  Q u a t ­

e r n a r y  d e v e lo p m e n t  o f  landfornrs  t h r o u g h o u t  t h e  b a s i n  and i n  t h e  s o u t h e a s t  

c o r n e r  p a r t i c u l a r l y .  0

"I
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A l though  no l a t e  Q u a t e r n a r y  f a u l t i n g  o r  f o l d i n g  o f  t h e  s o u t h ­

e a s t e r n  b a s i n  d e p o s i t s  i s  e v i d e n t  i n  t h e  map a r e a ,  s t r u c t u r a l  d e fo rm a ­

t i o n  i n  t h e  r e g i o n  a p p e a r s  t o  be p r e s e n t l y  a c t i v e  and t h i s  a c t i v i t y  r 

s u g g e s t s  t h a t  t h e  r e l a x a t i o n a l  p ha se  o f  t h e  Lararilide o ro g en y ,  b e l i e v e d  

by most  w r i t e r s  t o  be i n  i t s  waning s t a g e s ,  i s  s t i l l  i n  p r o g r e s s .

STRATIGRAPHY

B a s i n  d e p o s i t s  o f  t h e  Bozeman Group; exposed  i n  t h e  s o u t h e a s t  c o r n e r  

of  t h e  G a l l a t i n  V a l l e y  c o n s i s t  o f  f l u v i a l  g r a v e l s ,  c o n g l o m e r a t e s ,  s a nd ­

s t o n e s ,  and s i l t s t o n e s .  Some beds  o f  n e a r l y  pu re  v o l c a n i c  ash  a r e  a l s o  

p r e s e n t ,  p a r t  o f  which a p p e a r  t o  be o f  f l u v i a l  o r i g i n  and p a r t  o f  which 

show e o l i a n  c h a r a c t e r i s t i c s ,

Q u a t e r n a r y  d e p o s i t s  c o n s i s t  o f  f l u v i a l  g r a v e l s ,  s a n d s ,  and s i l t s  e r o d e d  

from p r e - E o c e n e  r o c k s , c o m p r i s i n g  t h e  rim; o f  t h e  b a s i n ,  a n d / o r  t h o s e  reworked  

from p r e x i s t i n g  T e r t i a r y  b a s i n  d e p o s i t s . ,  P o s s i b l y  some f i n e r - g r a i n e d  d e p o s ­

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

i n d i c a t e  an e o l i a n  o r i g i n .

T e r t i a r y  d e p o s i t s : T e r t i a r y  s e d i m e n t s ,  o t h e r  t h a n  L i v i n g s t o n  ( L a te

C r e t a c e o u s - ‘P a l x o c e n e ) b e d s ,  i n  t h i s  a r e a  a r e  c o n s i d e r e d  t o  be a p a r t  o f  t h e  

Bozeman Group a f t e r  R ob inson  ( 1 9 6 1 ) .  R o b i n s o n ’ s s t a t e m e n t  t h a t  exposed

T e r t i a r y  r o c k s  o f  t h e  b a s i n  a r e  o l d e s t  i n  t h e  wes t  and y o u n g e s t  in  t h e
o

e a s t e r n  e x t r e m i t i e s  s u g g e s t s  t h a t  s t r a t a  i n  t h e  s o u t h e a s t  a r e  among th e  

upperm os t  u n i t s  o f  t h e  Bozeman Group,  as  y e t  n o t  f o r m a l l y  named. The w r i t e r  

doe s  n o t  p r o p o s e  a f o r m a t i o n  name f o r  t h e s e  beds s i n c e  i t  i s  assumed Rob inson  

w i l l  soon p u b l i s h  names o f  t h e  f o r m a t i o n s  c o m p r i s i n g  t h e  Bozeman Group.
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The Beacon H i l l  and F o r t  E l l i s  s u b a r e a s  ( F i g .  I )  a r e  u n d e r l a i n  m a i n ly  

by T e r t i a r y  s e d i m e n t s .  Well  l o g s  ( B a c k e t t  and o t h e r s ,  1960) i n d i c a t e  t h e  

Bozeman f a n  and p r e s e n t  s t r e a m  ^ o o d  p l a i n s ,  m a n t l e d  by Q u a t e r n a r y  g r a v e l s ,
i;

a r e  a l s o  u n d e r l a i n  by s i m i l a r  T ' e f t i a r y  s e d i m e n t s .  A w6 l l  j u s t  w es t  of  t h e  

map a r e a  i n  s e c .  22,. T .2 S .  , R . 5 E . ,: p e n e t r a t e d  t o  a t o t a l  d e p t h  o f  1 ,000 f e e t  

w i t h o u t  p a s s i n g  t h ro u g h  t h e  b a se  o f  T e r t i a r y  s e d i m e n t s .  Well  d e p t h s  i n  t h i s  

a r e a  do n o t  e x c e e d  t h e  d e p t h  o f  T e r t i a r y  f i l l  i n  a n y 5i n s t a n c e .  Q u a t e r n a r y  

d e p o s i t s  a p p a r e n t l y  have a maximum t h i c k n e s s  o f  a p p r o x i m a t e l y  J.75 f e e t  and 

a r e  u n d e r l a i n  by T e r t i a r y  s t r a t p  i n  e v e r y  w e l l  which p a s s e s  t h ro u g h  Q u a t e r -  

a r y  s e d i m e n t s .

C oa r se  d e p o s i t s : A s t r i k i n g  c h a r c t e r i S t i c  o f  t h e  c o a r s e  s e d im e n t s  i s

t h e i r  l i t h o l d g i c  c o m p o s i t i o n .  Cong lom era te  c o n s i s t s  m a i n l y  o f  f i n e - g r a i n e d  

and p o r p h y r i t i c  i g n e o u s  r o c k s ,  q u a r t z i t e ,  and graywacke s a n d s t o n e  c o b b l e s .  

A p h a n i t i c  v o l c a n f e  c o n s t i t u e n t s  i n c l u d e  b a s a l t  and a n d e s i t e ;  p o r p h y r i t i c  

c o n s t i t u e n t s  a r e  m a i n ly  a n d e s i t e ,  d i o r i t e ,  and ga bbro  p o r p h y r i e s  a l t h o u g h  

p o r p h y r i t i c  g r a n o d i o r i t e s  and g r a n o d i o r i t e  p o r p h y r i e s  a r e  a b u n d a n t .  More 

a c i d i c  v a r i e t i e s  a r e  a l s o  encoun te red - ;  Some c o a r s e - g r a i n e d  i g n e o u s  m a t e r i a l ,  

i n c l u d i n g  d j o r i t e ,  g r a n o d i o r i t e ,  m o n zo n i t e  and g r a n i t e ,  a r e  p r e s e n t .  The -

most  common ig n e o u s  c o b b l e s  a p p e a r  t o  be a n d e s i t e  p o r p h y r y  amphibole  as
' ' * ' ■

d om ina n t  p h e n o c r y s t s  and t h e  o t h e r  w i t h  p l a g i o c l a s e  as  d om ina n t  p h e n o c r y s t s  

(T a b le  3 ) .  1

Precambr1I a n  g n e i s s  f r a g m e n t s  a r e  s p o r a d i c a l l y  p r e s e n t  and v e ry  r a r e l y  

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

r e p r e s e n t a t i v e  o f  P a l e o z o i c  o r  Mesozo ic  r o c k s .  The o n l y  n o n - r e s i s t a n t  f r a g ­

m en ts  p r e s e n t  w i t h  any c o n s i s t e n c y  a r e  g raywacke o r  s ub -g rayw acke  m a t e r i a l s  

d e r i v e d  l o c a l l y  f rom t h e  L i v i n g s t o n  F o r m a t io n .
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F i g u r e  2 .  T y p i c a l  T e r t i a r y  c h a n n e l  f i l l  o v e r l y i n g  t u f f a c e o u s  s a n d s — e xposed  
on s o u th w e s t  f a c e  o f  Beacon H i l l .



Jl

The c o b b l e s  and p e b b l e s  a r e  g e n e r a l l y  subrounded  t o  w e l l  rounded and j

e x h i b i t  e x t e n s i v e  a b r a s i o n  b e l i e v e d  t o  be t h e  r e s u l t  o f  a co m b in a t io n  o f  

l ong  and rugged  s t r e a m  t r a n s p o r t .  The greywacke  s a n d s t o n e s ,  d e r i v e d  from 

t h e  L i v i n g s t o n  F o r m a t io n ,  c o n s t i t u t e  t h e  m a j o r  exception t o  t h i s  r u l e  and 

commonly t h e i r  shape  i s  a n g u l a r  t o  s u b - a n g u l a r .  S i z e  o f  t h e  c o a r s e  m a t e r i a l  

v a r i e s  w i d e l y  im  d i f f e r e n t  c h a n n e l s ,  and b o u l d e r s  up t o  2% f e e t  i n  d i a m e t e r  

a r e  p r e s e n t .

The c o n g l o m e r a t e s  a r e  cemented by c a l c i t e  and t h e  m a j o r i t y  o f  t h e  c o a r s e  

m a t e r i a l s ,  b o t h  c o n s o l i d a t e d  and u n c o n s o l i d a t e d ,  a r e  b e l i e v e d  t o  be s t r e a m  

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

in g  s t r a t a  a s  w e l l  as  t h e i r  l e n t i c u l a r  s h a p e s ,  l a c k  o f  l a t e r a l  c o n t i n u i t y ,  

and r e l a t i v e l y  p o o r  p a r t i c l e  s i z e - s o r t i n g  s u p p o r t  t h i s  h y p o t h e s i s  o f  o r i g i n .

T h e s e  c h a n n e l  d e p o s i t s ,  when r e a s o n a b l y  w e l l  e x p o s e d ,  d i s p l a y  c h a r a c t e r ­

i s t i c s  t h a t  i n d i c a t e  v a r y i n g  d i r e c t i o n s  o f  channe l  a l i g n m e n t  a t  the  t im e  o f  

d e p o s i t i o n ,  d e p e n d in g  on th e  p a r t i c u l a r  bed o b s e r v e d .  However , t h e  m a j o r i t y  

o f  t h e  c h a n n e l s  d i s p l a y  a g e n e r a l  e a s t - w e s t  a l i g n m e n t .  The c o b b le s  in  t h e s e  

e a s t - w e s t  c h a n n e l s  a r e  s u b t l y  i m b r i c a t e d  w i t h  an o r i e n t a t i o n  t h a t  i n d i c a t e s  

a s t r eafn  t r a n s p o r t  d i r e c t i o n  from e a s t  t o  w e s t .

The c o a r s e - g r a i n e d  s a n d s t o n e s  and sands  a r e  v e r y  s i m i l a r  i n  compos i ­

t i o n  t o  t h e  c o n g l o m e r a t e s  and g r a v e l s ;  t h e y  c o n s i s t  o f  m i n e r a l  f r a g m e n t s  as  

w e l l  as  r o c k  f r a g m e n t s .  The m i n e r a l  g r a i n s  a p p e a r  t o  be d e r i v e d  from r o c k s  

r e s e m b l i n g  t h e  g r a v e l s  and c o n g l o m e r a t e s  d e s c r i b e d  above,. The sand g r a i n s  

a r e  a n g u l a r , a f a c t  which can be a t t r i b u t e d  t o  l i b e r a t i o n  from th e  l a r g e r  

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

bed load  m a t e r i a l s .  The c o a r s e - g r a i n e d  sandy m a t e r i a l  o c c u r s  in  v a r y i n g

:1'9

I
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d e g r e e s  o f  c o n s o l i d a t i o n  d e p e n d in g  on th e  amount o f  c a l c i t e  cement .  I t  

i s  g e n e r a l l y  m o d e r a t e l y  t o  p o o r l y  s i z e - s o r t e d .

F i n e - g r a i n e d  d e p o s i t s : The f i n e - g r a i n e d  sandy and s i l t y  f l u v i a l  d e ­

p o s i t s  o f  T e r t i a r y  age a r e  composed m a i n l y  o f  v o l c a n i c  ash  f r a g m e n t s ,  m in -
X

e r a l  f r a g m e n t s ,  and f r a g m e n t s  o f  v e r y  f i n e - g r a i n e d  ig n e o u s  r o c k .  They a r e  

c h a r a c t e r i s t i c a l l y  v e r y  p o o r l y  s i z e - s o r t e d ,  v e r y  p o o r l y  bddded ,  and s p o r a ­

d i c a l l y  cemented by c a l c i t e .  R e s u l t s  o f  m i c r o s c o p i c  t h i n  s e c t i o n  exam ina ­

t i o n  o f  t h e s e  f i n e - g r a i n e d  s e d im e n t s  shows t h e  m i n e r a l  f r a g m e n t s  t o  be 

m a i n l y  q u a r t z ,  m i c r o c l i n e ,  o r t h o c l a s e ,  c r y p t o - c r y s t a l l i n e  s i l i c a ,  a m ph ibo le ,  

m a g n e t i t e ,  and h e m a t i t e .  The rock  f r a g m e n t  d e t r i t u s  c o n s i s t s  o f  v e ry  f i n e ­

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

w e a t h e r i n g .  F e l d s p a r s  g e n e r a l l y  a r e  a l t e r e d  t o  c l a y  m i n e r a l s  and t h e  f e r r o -  

m agnes ian  m i n e r a l s  a r e  r e p l a c e d  by m a g n e t i t e  and h e m a t i t e .

S e d i m e n t a r y  r o c k s  w i t h  c a l c i t e  cement a r e  v i r t u a l l y  impermeable  w he re ­

as  t h e  uncemented  s e d im e n t s  a r e  g e n e r a l l y  h i g h l y  p e rm e a b le  and a p p e a r  t o  

be m a i n l y  c o n s o l i d a t e d  by c o m p a c t io n .  V o l c a n i c  ash  i n  t h e  uncemented s e d ­

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

o f  t h e  g l a s s  s h a r d s  a p p e a r  t o  be s l i g h t l y  s e r i c i t i z e d  o r  may be c o a t e d  by a 

v e r y  t h i n  l a y e r  o f  d e t r i t a l  c l a y  d u s t . However , unde r  c r o s s e d  n i c o l s ,  b o r d e r s  

a round  t h e  s h a r d s  a r e  d i s t i n c t i v e l y  d i f f e r e n t  i n  a p p e a r a n c e  from o t h e r  c l a y  

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

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

c o a t .  One v e r y  f i n e - g r a i n e d  specimen d i s p l a y e d  r e l a t i v e l y  advanced  d e v i t r i ­

f i c a t i o n  o r  c h e m ica l  a l t e r a t i o n  o f  t h e  g l a s s  s h a r d s .  P o s s i b l y  t h e  g r e a t e r  

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

i
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t o  a t m o s p h e r i c  c o n d i t i o n s  r e s u l t i n g  i n  s u b s e q u e n t  f a s t e r  a l t e r a t i o n s .  However , 

i n  t h e  m a j o r i t y  o f  samples  examined ,  t h e  g l a s s  s h a r d s  a p p e a r  q u i t e  f r e s h  and 

r e l a t i v e l y  u n a l t e r e d .

C a l c i t e  c e m e n t a t i o n  o f  T e r t i a r y  s e d i m e n t s '  o c c u r s  s p o r a d i c a l l y  t h r o u g h o u t  

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

f i c u l t  t o  d e t e r m i n e  b e c a u s e  o f  a l a c k  o f  c o n t i n u i t y  o f  e x p o s u r e s .  Cementa­

t i o n  o f  t h e  s e d im e n t s  i s  b e l i e v e d  t o  h a v e  o c c u r r e d  a t  o r  n e a r  t h e  s u r f a c e i,

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

cemented f i n e - g r a i n e d  s e d im e n t s  d i s p l a y  s e v e r a l  i n t e r e s t i n g  c h a r a c t e r i s t i c s .

The d e t r i t a l  f r a g m e n t s  a r e  s p a t i a l l y  s e p a r a t e d  from ea ch  o t h e r  whereas  i n  

t h e  uncemented s e d im e n t s  t h e y  a r e  in  c o n t a c t  ( P l a t e  I ,  F i g .  1&2). T h i s  

d e t r i t a l  p a r t i e s !  s e p a r a t i o n  a p p a r e n t l y  r e s u l t s  f rom s e c o n d a r y  i n t r o d u c t i o n  

o f  t h e  c a l c i t e  cement and s u b s e q u e n t  f o r c e  o f  c r y s t a l l i z a t i o n  o f  the  c a l c i t e  

which s e p a r a t e d  t h e  d e t r i t a l  p a r t i c l e s .  A l though  t h e  d e t r i t u s  was a p p a r e n t l y  

f o r c e d  a p a r t ,  no obv ious  c a l c i t e - f i l l e d  f r a c t u r e s  e x i s t  i n  t h e  d e t r i t a l .  

p a r t i c l e s .  ■ Under  a heavy  load  o f  o v e r l y i n g  s e d im e n t ,  t h e  i n c r e a s e  i n  volume 

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

s t a l l i s a t i o n  o f  t h e  c a l c i t e  cement would p r o b a b l y  r e s u l t  i n  s i g n i f i c a n t  

l a t e r a l  and v e r t i c a l  s t r e s s e s  w i t h i n  t h e  r o c k .  I t  a p p e a r s  t h e s e  s t r e s s e s  

would c ause  a t  l e a s t  some f r a c t u r i n g  o f  t h e  d e t r i t a l  p a r t i c l e s  and s u b s e ­

q u e n t l y  c a l c i t e  f i l l e d  t h e  f r a c t u r e s .  The absenc e  o f  such f r a c t u r e s  in  

t h e  t h i n  s e c t i o n s  s t u d i e d  i n d i c a t e s  t h e  c a l c i t e  may w e l l  have been i n t r o ­

duced when l i t t l e  o v e rb u r d e n  m a t e r i a l  was p r e s e n t  above t h e  se d im e n t s  b e ­

in g  cemented .
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As some o f  t h e  cemented s i l t s  and s a n d s - a r e  a t  p r e s e n t  o v e r l a i n  by 

h u n d r e d s ,  and may a t  one t im e  }iavp been c ove red  by t h o u s a n d s  o f  f e p t  of  

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

d e p o s i t i o n  o f  t h e s e  i p i t s  and b e f o r e  d e p o s i t i o n  o f  the,  l a t e r  s e d im p n ts .

T h i s  t y p e  o f  c e m e n t a t i o n  cpu ld  r e s u l t '  f rom c h l i c f t e  d e p o s i t i o n  d u r i n g  i n t e r ­

m i t t e n t  f l o o d i n g  and p ond ing  o f  streams i n  t h e  a r e a  w i th  s u b s e q u e n t  e v a p o r a ­

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

and unde rg round  w a t e r  n o r m a l l y  do not c o n t a i n  enough d i s s o l v e d  c a r b o n a t e  

t o  e f f e c t i v e l y  cement d e p o s i t s  i n  t h i s  manner  e x c e p t  i n  more a r i d  c l i m a t e s .  

The i n f e r r e d  c l i m a t e  a t  the', t ime  o f  d e p o s i t i o n  i n d i c a t e s  a more humid e n v i r o n ­

ment  n o t  c o n d u c iv e  t o  c o n c e n t r a t i o n  o f  c a l c i t e  d e p o s i t i o n  by e v a p o r a t i o n .

The ty p e  o f  c a l c i t e  d e p o s i t i o n  r e q u i r e d  m igh t  r e s u l t  f rom d e p o s i t i o n  i n  

ephe m e ra l  l a k e s  d u r i n g  p e r i o d s  o f  s l i g h t  ash  f a l l  (McMannis, p e r s o n a l  commun­

i c a t i o n ) .  However ,  no o t h e r  i n d i c a t i o n s  o f  a l a c u s t r i n e  e n v i r o n m e n t  a r e  

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

e x a c t  p r o c e s s  o f  c e m e n t a t i o n  i s  n o t  known t o  t h e  w r i t e r .

O t h e r  i n t e r e s t i n g  c h a r a c t e r i s t i c s  o f  t h e  f i n e - g r a i n e d  se d im e n ts  i n c l u d e  

a s t r i k i n g  a b s e n c e  o f  s i z e - s o r t i n g  among th e  d e t r i t a l  p a r t i c l e s ,  t h e  p r e ­

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

shaped  g l a s s  s h a r d s .  I t  i s  n o t  uncommon to  obs e rv e  p e b b l e s  o r  c o b b le s  up 

t o  2 i n c h e s  i n  d i a m e t e r  i n c l u d e d  i n  v e r y  f i n e - g r a i n e d  sand o r  s i l t  m a t r i c e s .  

T h i s  e v i d e n c e  s u g g e s t s  a d e p p s i t i o n a l  e n v i r o n m e n t  i n  which t h e  s t r e a m s  were 

c lo g g e d  w i t h  d e t r i t u s  r e s u l t i n g  in  a s l u r r y  o r  v i r t u a l  mud f lo w .  Heavy 

ash  f a l l s  i n  t h e  d r a i n a g e  b a s i n s  where t h e  s t r e a m s  o r i g i n a t e d  would o v e r I pad 

t h e  s t r e a m s .  The h ig h  v i s c o s i t y  o f  t h e  r e s u l t i n g  f l o w  would cause  l a r g e
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F i g u r e  I .  P h o t o m i c ro g r a p h  in  p o l a r i z e d  l i g h t  u n cem en ted , 
f i n e - g r a i n e d ,  T e r t i a r y  s e d i m e n t s ,  Beacon H i l l  S u b a r e a .  
N e u t r a l  c o l o r e d  background  i s  i n t e r s t i c e s  be tween  g r a i n s .  
L i g h t  c o l o r e d  b o r d e r s  a round s h a r d s  a r e  caused  by a l t e r a ­
t i o n  o f  g l a s s .

P l a t e  I

F i g u r e  2.  P h o to m ic ro g r a p h  in  p o l a r i z e d  l i g h t ,  cemented ,  
f i n e - g r a i n e d ,  T e r t i a r y  s e d i m e n t s ,  Beacon H i l l  S u b a r e a .  
L i g h t  background  i s  c a l c i t e  cement .
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and sm a l l  p a r t i c l e s  t o  be t r a n s p o r t e d  and d e p o s i t e d  w i t h  l i t t l e  ro u n d in g  and 

e x c e p t i o n a l l y  p o o r  s i z e - s o r t i n g .  Rapid  a g g r a d a t i o n ,  o r  v i r t u a l  dumping, o f

t h i s  m a t e r i a l  would t a k e  p l a c e  i n  downstream b a s i n s  o r  d e p r e s s i o n s  n e a r e s t
!

t h e  s o u rc e  a r e a .  The s t r a t a  t h u s  d e p o s i t e d  would r e s e m b le  t h o s e  i n  t h i s  

p a r t  o f  t h e  T h re e  F o rks  B a s i n .  T h e r e f o r e ,  t h e  w r i t e r  a t t r i b u t e s  t h e  o r i g i n  

o f  t h e  f i n e - g r a i n e d  s e d im e n t s  t o  such p r o c e s s e s . .

T u f f  and ash  d e p o s i t s ;  The T e r t i a r y  s t r a t i g r a p h i c  s e c t i o n  c o n t a i n s  a 

few beds  o f  n e a r l y  p u r e  v o l c a n i c  a s h .  A fou% foo t*  g r a y  ash  bed was. p e n e ­

t r a t e d  by a U .S .G .S .  d r i l l  h o l e  a t  a d e p t h  o f  131 f e e t  i n  t h e  s u b s u r f a c e  

T e r t i a r y  beds  a b o u t  1% m i l e s  w es t  o f  t h e  n o r t h w e s t  c o r n e r  o f  t h e  map a r e a  

i n  s e c .  34 ,  T . I S . ,  R , 5 : E .  S p o r a d i c  p e b b l e s ^ i n  t h e  ash  i n d i c a t e s  t h e s e  beds  

a r e  s t r e a m  d e p o s i t e d .  The e x a c t  o r i g i n  o f  o t h e r  ash  beds  i s  u n c e r t a i n ,  p o s ­

s i b l y  t h e y  r e p r e s e n t  e x c e p t i o n a l l y  r a p i d  ash  f a l l s  f rom v o l c a n i c  a c t i v i t y  

i n . t h e  r e g i o n .  The ash  beds  (Ta on P l a t e  I )  in  t h e  SWl/4 s e c .  10, T . 2 S . , 

R-.6E . ,  a r e  a t  l e a s t  25 f e e t  t h i c k  and a r e  d e p o s i t e d  i n  c o a r s e  f e s t o o n  ty p e  

c r o s s - b e d s .  The c o a r s e ,  long  sweeping  a p p e a r a n c e  o f  t h e  c r o s s  beds  and 

t h e i r  o r i e n t a t i o n  ( s t e e p  on th e  wes t  and a p p r o a c h in g  h o r i z o n t a l  on th e  e a s t )  

s u g g e s t s  d e p o s i t i o n  by w e s t e r l y  w in d s .  Samples  of  t h e  ash  from v a r i o u s  beds  

were a n a l y z e d .  D e v i t r i f i c a t i o n  was v e r y  s l i g h t  i n  a l l  samples  a t t e s t i n g  to  

t h e  r e l a t i v e  f r e s h n e s s  o f  t h e  d e p o s i t s .  The Shape o f  s h a r d s  f rom a l l  d e p o ­

s i t s  was v e r y  s i m i l a r  and i s  t y p i f i e d  by t h e  shapes  i n  P l a t e  I, F i g s .  I & 2.  

O t h e r  r e s u l t s  o f  t h e s e  a n a l y s e s  a r e  compi led  in  Tab le  I .
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) T a b l e  I -  V o l c a n i c  Ash A n a ly s e s

Sample Number n
I

C o l o r L o c a t i o n

7-26-3B 1 .498 w h i t e SW1/4 s e c . 9 , T . 2 S . , R . 6 E .

7-26-7A 1.501 whi t e SB I /4 s e c . 9 , T . 2 S . , R . 6 E .

7-26-7B 1 .5b2 y e l l o w i s h  g r a y SE I /4 s e c . 9 , T . 2 S . , R . 6 E .

7 - 2 7 - 16B 1 .510 y e l l o w i s h  brown NWl/ 4 s e c . 1 0 , T . 2 k , R . 6 E .

7 -27-16C • 1.506 y e l l o w i s h  g r a y NW174 s e c .  l b ,T .2S . ,R .6E .

7 - 2 8 - 1 IC 1 .510 medium l i g h t  g r a y SWl/4 s e c . l O ,T .2 S . ,R .6 E .

9-13-3C 1 .5 0 2  £- .1.506 l i g h t  g r a y NWl/4 s e c .  16 ,T.2S. ,R .6E.

The samples  7 - 2 7 -1 6  B & C have i n d i c e s  o f  r e f r a c t i o n  s i m i l a r  t o  

7 -28-11C and t h e y  a r e  s i t u a t e d  a p p r o x i m a t e l y  on s t r i k e  w i t h  each  o t h e r .  A 

s t r o n g  p o s s i b i l i t y  e x i s t s  t h a t  t h e y  a r e  b o t h  p a r t  o f  t h e  same s t r a t i g r a p h i c  

u n i t  and t h e y  a r e  t e n t a t i v e l y  shown as  t h e  same u n i t  (Ta) on t h e  map ( P l a t e  I ) .

A c c o r d in g  to  o t h e r  w r i t e r s  (George ,  1924 and H e i n r i c h ,  1956) ,  i n d i c e s  

o f  r e f r a c t i o n  o f  v o l c a n i c  g l a s s e s  g e n e r a l l y  r a n g e  be tween  1 .480  and 1 .6 2 0 .

The low r e f r a c t i v e  i n d i c e s  and t h e  r e s t r i c t e d  r a n g e  o f  v a l u e s  o b t a i n e d  f o r  . 

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

d e p o s i t s  o b s e r v e d .  A l though  some d i s a g r e e m e n t  e x i s t s  r e g a r d i n g  the  r e I a r  

t i o n s h i p  be tw een  i n d e x  o f  r e f r a c t i o n  and t h e  r e l a t i v e  p r e c e n t a g e s  of  v a r ­

i o u s  o x i d e s  w i t h i n  t h e  magma from which t h e  g l a s s  o r i g i n a t e d ,  most  a u t h o r i t i e s
. /

a g re e  a low i n d e x  o f  r e f r a c t i o n  i n d i c a t e s  g l a s s  d e r i v e d  from a magma h ig h  

i n  SiO^.  (George ,  1924) . A cco rd ing  t p ,  h i s  t a b l e s  t h e  magmas from w h ic h . . th e '  

v o l c a n i c  ash  i n  t h i s  a r e a  was d e r i v e d , w o u l d  v a r y  be tween  68 and 73 p e r c e n t  

S il02. The p a r e n t  magma, o r  magmas, would p r o b a b l y  have been q u i t e  a c i d i c ,  

o r  more s p e c i f i c a l l y  r h y o l i t i c  i n  n a t u r e .
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S o u r c e  o f  T e r t i a r y  s e d i m e n t s : D e t e r m i n a t i o n  o f  t h e  source,  o f  T e r t i a r y  

s e d im e n t s  i s  a d i f f i c u l t  p rob le m .  Many v a r i e t i e s  o f  t h e  p o r p h y r i e s  and 

b a s i c  i g n e o u s  r p c k s ' a r e  p r e s e n t . i n  s i t u  i n  a number o f  l o c a l i t i e s  in  t h e  

r e g i o n .  A s o u t h e r n  and e a s t e r n  s o u r c e  a r e a  seems most  a p p r o p r i a t e  in  v iew 

o f  a v a i l a b l e  e v i d e n c e .  The wide v a r i e t y  and l a r g e  volume o f  i g n e o u s  r o c k  

r e q u i r e d  i n  t h e  s o u r c e  a r e a  makes t h e  C razy  M ounta in ,  Upper  Y e l lo w s to n e ,  

and G a l l a t i n  v o l c a n i c  r e g i o n  t h e  most  l i k e l y  c h o i c e s .

S e v e r a l  r o c k ■v a r i e t i e s  ( d i s c u s s e d  below) c o m p r i s i n g  t h e  d e p o s i t s  a r e
' ,

d i s t i n c t i v e  b u t  a s e a r c h  o f  t h e  B o u ld e r  R i v e r  d r a i n a g e ,  S t i l l w a t e r : a r e a ,  

Cooke C i t y  a r e a ,  Y e l lo w s to n e  V a l l e y ,  and t h e  G a l l a t i n ,  Madison ,  and 

J e f f e r s o n  d r a i n a g e s  f a i l e d  t o  p r o v i d e  c o n c l u s i v e  p r o o f  o f  t h e  so u rc e  o f  

t h e s e  r o c k s .  <

Two o f  t h e  most  d i s t i n c t i v e  r o c k  t y p e s  in  t h e  T e r t i a r y  g r a v e l s  o f  the  

southeast  p a r t  o f  t h e  G a l l a t i n  V a l l e y  a r e  d e s c r i b e d  be low: one i s  a b a s i c

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

commonly a b o u t  Y2 i n c h  l o n g ,  e n c l o s e d  i n  a v e r y  f i n e - g r a i n e d ,  b l a c k  m a t r i x
!

c o n s i s t i n g  o f  m i n e r a l s  t o o  f i n e  t o  i d e n t i f y  e a s i l y  w i t h  a m ic ro sc o p e  ( P l a t e  

2 ,  F i g .  I 6  2 ) .  A lso  randomly s c a t t e r e d  th r o u g h  th e  m a t r i x  a r e  p a r t i c l e s  

i d e n t i f i e d  as  r o c k  f r a g m e n t s ,  p r o b a b l y  x e n o l i t h s ,  c o n s i s t i n g  o f  v e ry  f i n e ­

g r a i n e d  q u a r t z ,  o r t h o c l a s e ,  and p l a g i o c l a s e .  The m a t r i x ,  which a p p e a r s  t o  

c o n s i s t  o f  m i c r o l i t e s  and c r y s t a l l i t e s  , a l s o  c o n t a i n s  many m inu te  g r a i n s  

o f  an opaque m a t e r i a l ,  a p p a r e n t l y  m o s t l y  m a g n e t i t g , which a p p e a r s  t o  be a 

s e c o n d a r y  m i n e r a l  r e p l a c i n g  t h e  m a t r i x .  The w r i t e r  ha s  t e n t a t i v e l y  named 

t h e  r o c k  a b a s a l t  p o r p h y r y  b e c a u s e  o f  t h e  o v e r a l l  d a r k  c o l o r  o f  t h e  r o c k  and 

i d e n t i t y  o f  t h e  c o a r s e r  m i n e r a l  c o n s t i t u e n t s .  F ragm en ts  o f  t h i s  r o c k  a r e
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F i g u r e  I .  B a s i c  p o r p h y ry  c o b b le  f rom T e r t i a r y  
g r a v e l , F o r t  E l l i s  s u b a r e a .  L a r g e ,  l i g h t - c o l o r e d  
g r a i n s  a r e  p l a g i o c l a s e  p h e n o c r y s t s .

P la te  2

F i g u r e  2.  P h o t o m i c ro g r a p h  in  p o l a r i z e d  l i g h t  b a s i c  
p o r p h y r y ,  F o r t  E l l i s  s u b a r e a .  La rge  g r a i n s  a r e  p l a g i o ­
c l a s e  p h e n o c r y s t s .
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P la te  3

F i g u r e  I .  G r a n o d i o r i t e  c o b b le  f rom T e r t i a r y  g r a v e l ,  Beacon 
H i l l  s u b a r e a .

F i g u r e  2.  P h o t o m i c ro g r a p h  o f  g r a n o d i o r i t e , Beacon H i l l  
s u b a r e a .
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common i n  t h e  T e r t i a r y  g r a v e l s  and c o n g l o m e r a t e s  i n  b o t h  t h e  Beacon H i l l  

and F o r t  E l l i s  s u b a r e a s .

The o t h e r  u n u s u a l  r o c k  ty p e  i s  a l s o  p r e s e n t  i n  t h e  same T e r t i a r y  s e d i ­

m en ts  and a p p a r e n t l y  c o m p r i se s  one t o  two p e r c e n t  o f  t h e  c o a r s e  d e p o s i t s .

I n  hand specimen  i t  i s  c o a r s e - g r a i n e d ,  p i n k  and b l a c k  s p e c k l e d  and g i v e s  t h e  

i m p r e s s i o n  o f  b e i n g  a p i n k  g r a n i t e  ( P l a t e  3 ,  F i g s .  I & 2 ) .  However, a R o s i -  

wald a n a l y s i s  o f  a t h i n  s e c t i o n  o f  t h i s  r o c k  showed i t  to be a p in k  and 

b l a k c  g r a n o d i o r i t e  a c c o r d i n g  to  t h e  c l a s s i f i c a t i o n  o f  T r a v i s  (1955 ) .

P e r c e n t a g e s  o f  m i n e r a l ?  p r e s e n t  a r e  as  f o l l o w s :  q u a r t z ,  14.72%; o r t h o c l a . s e ,

23.90%; p l a g i o c l a s e ,  49.37%; f e r r o m a g n e s i a n s ,  9.50%; and opa que s ,  2.51%.

McMannis ( p e r s o n a l  comm unica t ion ,  .1962) r e c e n t l y  o b s e r v e d ' l g h e p u s - i n t r u s i v e  

o u t c r o p  i n  t h e  Crazy  M oun ta in s  t h a t  s t r o n g l y  r e s e m b le s  g r a n o d i o r i t e  c o b b l e s  

i n  t h e  T e r t i a r y  s e c t i o n .  John Blaemle  (1962)  conduc ted  a m i c r o s c o p i c  com­

p a r i s o n  o f  t h i s  i n t r u s i v e  and t h e  g r a n o d i o r i t e  c o b b le s  and conc lu ded  t h e y  

were c e r t a i n l y  c l o s e l y  r e l a t e d  and v e r y  p o s s i b l y  t h e  same. I f  no o t h e r  

i n t r u s i v e s  can be l o c a t e d  t h a t  a r e  composed o f  t h e  same r o c k  t y p e ,  t h e  C ra z y  

Mounta in  i n t r u s i v e s  must  be c o n s i d e r e d  a s o u rc e  m a t e r i a l  f o r  some o f  t h e  

T e r t i a r y  g r a v e l  c o n s t i t u e n t s .  The g e o g r a p h i c  l o c a t i o n  o f  t h e  Crazy M o u n ta i n s ,  

as  a s o u r c e  a r e a ,  f u r t h e r  s u b s t a n t i a t e s  an e a s t - t o - w e s t  t r a n s p o r t  d i r e c t i o n  

f o r  some o f  t h e  T e r t i a r y  m a t e r i a l .  T h i s  i s  i n  agreem en t  w i t h  o t h e r  f i e l d  : 

e v i d e n c e .

A com par i son  was made o f  t h e  d e p o s i t s  o f  t h e  t h e s i s  a r e a  w i th  g r a v e l s  

o f  t h e  "White  C l i f f "  T e r t i a r y  d e p o s i t s  (H o rb e rg ,  1940) d i r e c t l y  n o r t h  o f  

Yankee J im Canyon in  t h e  Y e l lo w s to n e  V a l l e y .  A l though  t h e s e  d e p o s i t s  a r e  

c o n s i d e r e d  s i m i l a r  i n  age and o t h e r  c h a r a c t e r i s t i c s  (dom ina n t  i g n e o u s
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l i t h o l o g y  and wide v a r i e t y  o f  v o l c a n i c . c o n s t i t u e n t s )  t h e  d i s t i n c t i v e  r o c k  

t y p e s  m en t io n e d  above a r e  n o t  p r e s e n t  i n  t h e  "White  C l i f f "  d e p o s i t s .

The w r i t e r  a l s o  made b r i e f  com par i son  o f  T e r t i a r y  g r a v e l s  o f  t h e  t h e s i s  

a r e a  w i t h  s u r f a c e  g r a v e l s  j u s t  w e s t  o f  t h e  West G a l l a t i n  R i v e r  and w i th  

c o n g l o m e r a t e  l e n s e s  i n  t h e  Madison b l u f f s  (Bozeman Group) s o u th  o f  Logan, 

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

o f  t h e  g r a v e l s .  However , i n  t h i s  c o m p a r i s o n ,  as  i n  t h e  compar ison  made w i th

t h e  / W h i t e  C l i f f s "  ( d i s p u s s e d  e a r l i e r  i n  t h i s  p a p e r ) ,  d i s t i n c t i v e  d i f f e r e n c e s
I

i n  l i t h o l o g y  o f  t h e  g r a v e l s  were o b s e r v e d .

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

l i e v e d  t o  be o f  s i m i l a r  age ,  s u g g e s t  t o  t h e  w r i t e r  t h a t  d r a i n a g e  i n t o  t h e  

b a s i n  d u r i n g  T e r t i a r y  d e p o s i t i o n  may have been m u l t i d i r e c t i o n a l  as  i t  i s  

t o d a y  b u t  i n c l u d i n g  a m a j o r ^ w e s t - f l o w i n g  s t r e a m  in  t h e  map a r e a .

Measured T e r t i a r y  s t r a t i g r a p h i c  s e c t i o n : T e r t i a r y  d e p o s i t s  o f  t h e

Beacon H i l l  s u b a r e a  were m easu red  ( i n d i c a t e d  on "Plate  I ) .  .The 2 , 0 1 6 - f o o t
M " 1

s e c t i o n  i s  com pr i sed  o f  a monotonous r e p e t i t i o n  o f  c h a n n e l  d e p o s i t s  con­

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

f i n e - g r a i n e d  s a n d s t o n e s  and s i l t s t o n e s .  S e v e r a l  r e l a t i v e l y  p u r e  v o l c a n i c  

ash  l a y e r s  a r e  a l s o  i n t e r b e d d e d .  C a l c i t e  c e m e n ta t i o n  o f  t h e  beds i s  

s p o r a d i c  and p e r m e a b i l i t y  o f  t h e  s e d im e n t s  a p p e a r s  t o  be l a r g e l y  c o n t r o l ­

l e d  by t h e  amount o f  c a l c i t e  cement  p r e s e n t .  D e s c r i p t i o n  o f  u n i t s  and 

comments p e r t a i n i n g  to  t h e  method o f  measurem ent  a r e  i n c l u d e d  in  Appendix  B.

30
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F o s s i l s  and age o f  d e p o s i t s : E s t a b l i s h i n g  a c c u r a t e  ages  f o r  t h e  v a r i o u s

b a s i n  d e p o s i t s  was one o f  t h e  p r i m a r y  o b j e c t i v e s  o f  t h e  i n v e s t i g a t i o n .  S e v ­

e r a l  s i g n i f i c a n t  v e r t e b r a t e  f o s s i l s  were c o l l e c t e d  in  t h e  a r e a  and s t u d i e d  

by Edward Lew is ,  v e r t e b r a t e  p a l e o n t o l o g i s t  f o r  t h e  U.S .  G e o l o g i c a l  Survey  

in  Denver ,  C o l o r a d o .  R e s u l t s  o f  t h i s  s t u d y  a r e  i n c l u d e d  i n  T a b le  2 (Ap­

p e n d i x  B ) . F o s s i l  e v i d e n c e  i n d i c a t e s  T e r t i a r y  d e p o s i t s  i n  t h e  a r e a  a r e  

o f  l a t e  Miocene t o  e a r l y  P l i o c e n e  a g e .

T h i s  age i s  f u r t h e r  s u g g e s t e d  by t h e  f o l l o w i n g  r e a s o n i n g :  O ld e r

T e r t i a r y  r o c k s  (Eocene and O l i g o c e n e )  o f  t h e  b a s i n . a r e  e x posed  in  t h e  e x t r e m e  

w e s t e r n  p a r t  o f  t h e  r e g i o n  ( H a c k e t t  and o t h e r s ,  I960 . ' and Rob inson  1961) .  

A c c o rd in g  t o  t h e  same a u t h o r i t i e s ,  t h e  s u r f a c e  e x p o s u r e s  o f  t h e  b a s i n  become 

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

i t e l y  d a t e d  a r e  t h e  Miocene d e p o s i t s  o f  t h e  Anceney a r e a  a b o u t  10 m i l e s  

w e s t  o f  Bozeman (D o r r ,  1956) .  I f  t h e  T e r t i a r y  d e p o s i t s  a r e  s t i l l  younger  

f a r t h e r  e a s t ,  and no e v i d e n c e  was found t o  i n d i c a t e  t h e y  a r e  n o t ,  t h e n  

d e p o s i t s  o f  t h e  Beacon H i l l  and F o r t  E l l i s  s u b a r e a s  would most  l i k e l y  be a t  

l e a s t  as  young as  t h e  age s t a t e d ,  o r  p o s s i b l y  y o u n g e r .

Q u a t e r n a r y  D e p o s i t s : These  d e p o s i t s  were mapped by H a c k e t t  and o t h e r s

(1960)  as  t h r e e  d i s t i n c t  u n i t s :  QToa ( o l d  s t r e a m - l a i d  and f a n  d e p o s i t s ) ,

Qf ( y o u n g e r  p r e d o m i n a n t l y  a l l u v i a l  f a n  d e p o s i t s ) ,  and Qa (younger  predom­

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

t h e  map a r e a .  The most  d i s t i n c t i v e  c h a r a c t e r i s t i c  o f  t h e s e  d e p o s i t s ,  as  i n  

t h e  c a se  o f  t h e  T e r t i a r y  d e p o s i t s ,  i s  t h e i r  l i t h o l o g i c  c o m p o s i t i o n . ^  Many o f  

t h e  g r a v e l s  c o n t a i n  r o c k  f r a g m e n t s  t h a t  a p p e a r  t o  be m a t e r i a l s  reworked f rom 

t h e  T e r t i a r y  d e p o s i t s  by d o w n c u t t i n g  s t r e a m s .  However , a l l  c o n t a i n  abunda n t
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P r e c a m b r i a n  g n e i s s  and T e r t i a r y  b a s a l t  f r a g m e n t s  , a n d / o r  d i s t i n c t i v e ,  

r e l a t i v e l y  s o f t  r o c k s  r e p r e s e n t a t i v e  o f  P a l e o z o i c  and M esozo ic  s t r a t a  

p r e s e n t  a round  thp  r im  o f  t h e  b a s i n .  Many o f  t h e s e  r e l a t i v e l y  " s o f t "  

r o c k s  have p e r s i s t e d  t h r o u g h  d i s t a n c e s  o f  more th a n  f i v e  m i l e s  o f  s t r e a m  

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

a b s e n t  i n  t h e  T e r t i a r y  g r a v e l s  and c o n g l o m e r a t e s .  Most o f  t h e s e  Q u a t e r ­

n a r y  s u r f a c e  d e p o s i t s  can be t r a c e d  up p r e s e n t  d r a i n a g e s  t o  t h e i r  s o u r c e .

The age o f  two g r a v e l  d e p o s i t s  i n  t h e  map a r e a  i s  u n c e r t a i n ,  and 

t h e y  may be e i t h e r  T e r t i a r y  o r  Q u a t e r n a r y .  A s t r e a m  t e r r a c e  abou t  40 

f e e t  above and n o r t h  o f  t h e  p r e s e n t  E a s t  G a l l a t i n  R i v e r  d r a i n a g e  i s  com­

posed  o f  g r a v e l s  t h a t  o v e r l a p  t h e  s t e e p  T e r t i a r y  b e d ro c k  - s lopes  i n  t h e  

s o u t h e r n  e x t e n s i o n  o f  t h e  Beacon H i l l  s u b a r e a .  These  g r a v e l s ,  a l t h o u g h  

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

T e r t i a r y  d e p o s i t s ,  b u t  c o n t a i n  f r a g m e n t s  o f  p r e - e x i s t i n g  T e r t i a r y  conglome­

r a t e s  and s a n d s t o n e s .  They a r e  u n l i k e  g r a v e l s  o f  t h e  E p s t  G a l l a t i n  R i v e r  

f l o o d p l a i n  a d j a c e n t  t o  t h i s  t e r r a c e .  The E a s t  G a l l a t i n ,  a lo n g  t h i s  p o r t i o n  

.of i t s  c o u r s e  a d j a c e n t  t o  t h e  T e r t i a f y  s e d i m e n t s ,  a l s o  c o n t a i n s  some rew orked  

T e r t i a r y  m a t e r i a l ,  and P a l e o z o i c  and M esozo ic  c o n s t i t u e n t s  d e r i v e d  from 

t h e  Rocky Creek  and Bear  Creek  d r a i n a g e .  T h i s  e v i d e n c e  s u g g e s t s  T h e ^ t e r r ace  

may be c o n s i d e r a b l y  o l d e r  t h a n  p r e s e n t  f l o o d p l a i n s ;  a t  l e a s t  t h e  d i f f e r e n c e s  

i n  l i t h o l o g i e s  i n d i c a t e  a d i f f e r e n c e i o  s o u r c e ^ m a t e r i a l s  a v a i l a b l e  d u r i n g
S '

t h e  t im e  t h e  t e r r a c e  g r a v e l s  were d e p o s i t e d ,

A r e l a t e d  g r a v e l  was examined  i n  a g r a v e l  p i t  i n  NW 1 / 4  s e c .  16, T „2 S . ,  

R .6E .  I t  occUrs  d i r e c t l y  s o u th  o f  t h e  E a s t  G a l l a t i n  f l o o d p l a i n  a t  a s l i g h t l y  

h i g h e r  e l e v a t i o n  th a n  t h e  p r e v i o u s l y  d i s c u s s e d  t e r r a c e  and c o n t a i n s  s i m i l a r
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reworked  T e r t i a r y  g r a v e l s .  I t  was o r i g i n a l l y  b e l i e v e d  t o  r e p r e s e n t  a t e r r a c e  

m a tc h in g  t h e  one p r e v i o u s l y  d i s c u s s e d ,  j u s t  n o r t h  o f  t h e  E a s t  G a l l a t i n  R i v e r .  

However,  i t  i s  o v e r l a i n  by a t h i n  l a y e r  o f  pure v o l c a n i c  ash  ( sample 9 -13 -3C ,  

T a b l e  I )  and t h e  ash  d e p o s i t  i s  o v e r l a i n  by d e f i n i t e  Q u a t e r n a r y  g r a v e l s  

( F i g .  3 ) .  The v o l c a n i c  ash  o v e r l y i n g  t h e  g r a v e l  o f  q u e s t i o n a b l e  age a p p e a r s  

v e r y  s i m i l a r  t o  a sh  d e p o s i t s  o f  t h e  Beacon H i l l s  s u b a r e a ,  d a t e d  as  T e r t i a r y .  

T h e r e f o r e ,  t h e  age o f  t h e  u n d e r l y i n g  g r a v e l s  may be T e r t i a r y  even though 

t h e y  s t r o n g l y  r e s e m b le  g r a v e l s  o f  p o s s i b l e  e a r l y  Q u a t e r n a r y  age ( p r e v i o u s l y  

m en t io n e d )  t h a t  o v e r l a p  t h e  T e r t i a r y  e s c a r p m e n t  d i r e c t l y  n o r t h  o f  t h e  E a s t

G a l l a t i n  R i v e r  f l o o d p l a i n .

F i g u r e  3 .  G ra v e l  e x p o s u r e  so u th  o f  E a s t  G a l l a t i n  R i v e r  showing s t r a t i ­
g r a p h i c  se quenc e  o f  g r a v e l  and ash  b e d s .

"A" -  Reworked T e r t i a r y  g r a v e l .  
"B" -  Ash l a y e r .
"C" -  Q u a t e r n a r y  g r a v e l .
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Loose  g rav e l s  m a n t l i n g  t h e  s u r f a c e  o f  t h e  Beacon H i l l  s u b a r e a  a r e  con­

s i d e r e d  t o  be reworked  T e r t i a r y  s e d im e n t s  b e c a u s e  o f  t h e i r  l i t h o l o g y ;  t h e y  

a r e  t h e r e f o r e  c l a s s e d  as  Q u a t e r n a r y  l a g  g r a v e l s .  They a r e  n o t  shown on th e  

map b e c a u s e  t h e y  a r e  r e l a t i v e l y  t h i n .

G r a v e l  e x p o s u r e s  were c a r e f u l l y  examined  i n  an a t t e m p t  t o  d i f f e r e n t i ­

a t e  T e r t i a r y  and Q u a t e r n a r y  d e p o s i t s  on t h e  b a s i s  o f  l i t h o l o g y .  A s t a t i s ­

t i c a l  a n a l y s i s ,  f o r  which 50 c o b b l e s  and p e b b l e s  were r andom ly s e l e c t e d ,  

was made i n  21 c r i t i c a l l y  s i t u a t e d  g r a v e l  d e p o s i t s .  P e r c e n t a g e s  o f  t h e  

r o c k  t y p e s  p r e s e n t  were t h e n  c a l c u l a t e d .  These  p e r c e n t a g e s  a r e  n o t  volume 

p e r c e n t a g e s  s i n c e  s i z e  o f  t h e  p e b b l e s  and c o b b le s  v a r i e d  w i d e ly ;  and 

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

q u a n t i t i e s  o f  v a r i o u s  c o n s t i t u e n t s  p r e s e n t  i n  t h e  g r a v e l s .  R e s u l t s  o f  t h i s  

sam p l ing  are- compi led  i n  T a b l e  3 ,  P l a t e  I I I ,  These  r e s u l t s  i n d i c a t e  marked 

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

a r e  t h e  b a s i s  f o r  d i f f e r e n t i a t i n g  T e r t i a r y  and Q u a t e r n a r y  d e p o s i t s .

A s i g n i f i c a n t  i g n e o u s  r o c k  f r a g m e n t  was o b s e rv e d  i n  t h e  Q u a t e r n a r y  

e x p o s u r e  GR-5 ( P l a t e  I  & T a b l e  3) . I t  i s  a-grah-i'-te- p o r p h y r y  c o n t a i n i n g  

many v e r y  c o a r s e - g r a i n e d  o r t h o c l a s e  p h e n o c r y s t s .  I t s  s t r i k i n g  a p p e a r a n c e  

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

found e l s e w h e r e  i n  t h e  f u t u r e  i t  cou ld  p r o v i d e  v a l u a b l e  i n f o r m a t i o n  on t h e  

s o u r c e  o f  some o f  t h e  g r a v e l  d e p o s i t s .

Summary o f  C e noz o ic  S t r a t i g r a p h y : . C o a r s e . T e r t f i a r y  s e d im e n t s  i n  t h e  

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

z i t e s ,  and graywacke  s a n d s t o n e s .  Most o f  t h e  d e t r i t a l  p a r t i c l e s  a r e  v e r y  

h a r d ,  r e s i s t a n t ,  and rounded  i n d i c a t i n g  a c o m b in a t io n  o f  l ong  and r i g o r o u s
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t r a n s p o r t ,  and piany o f  t h e  f r a g m e n t s  a r e  u n u s u a l l y  c o a r s e .  S t re a m s  t h a t  

t r a n s p o r t e d  such s e d im e n t s  must  have been  v e r y  c o m p e ten t .  The a g g r a d a t i o n  

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

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

v e l o c i t i e s  and a d j u s t i n g  s t r e a m  competence  t o  s u f f i c i e n t l y  move t h e  a v a i l ­

a b l e  s e d im e n t  l o a d .

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

was from t h e  e g s t  o r  s o u t h e a s t .  A p o s s i b l e  and l i k e l y  s o u r c e  a r e a  t h a t  

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

Y e l lp w s to n e  P a r k ,  t h e  Crazy M o u n ta i n s ,  and t h e  G a l l a t i n  'Range. The g r a y -  

wacke s a n d s t o n e s  a p p a r e n t l y  were l o c a l l y  d e r i v e d  from t h e  e a s t .

F i n e - g r a i h e d  T e r t i a r y  s e d im e n t s  a r e  l i t h o l o g i c a l l y  s i m i l a r  t o  t h e
V

c o a r s e  T e r t i a r y  m a t e r i a l  i n  t h e  Bozeman Group;  t h e y  c o n t a i n  v a s t  quan­

t i t i e s  o f  s l i g h t l y  a l t e r e d  v o l c a n i c  ash  and a r e  p o o r l y  s i z e - s o r t e d .  They 

i n d i c a t e  d e p o s i t i o n  by ash  choked,  a g g r a d i n g  s t r e a m s .  The f r e s h  c o n d i t i o n  

o f  t h e  s h a r d s  s u g g e s t s  r e l a t i v e l y  r a p i d  b u r i a l  and p r o t e c t i o n  from a tm os ­

p h e r i c  and p e r c o l a t i n g  w a t e r ,  and o t h e r  w e a t h e r i n g  p r o c e s s e s .  C a l c i t e  

c e m e n t a t i o n  p r o b a b l y  o c c u r r e d  n e a r  t h e  s u r f a c e  as  s e d im e n t s  were be ing  

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

The p r e s e n c e  o f  n e a r l y  p u r e  ash  d e p o s i t s  i n t e r b e d d e d  w i t h  o t h e r  T e r ­

t i a r y  s e d im e n t s  s u g g e s t s  p e r i o d i c  ash  f a l l s  o v e r  t h e  r e g i o n ;  t h e  ash was 

t h e n  reworked  by s t r e a m  and wind a c t i o n .  A n a l y s i s  o f  t h e  i n d i c e s  o f  r e f r a c -
■ ■ r

t i o n  o f  g l a s s  s h a r d s  s u g g e s t s  t h e  ash  was d e r i v e d  from f h y o l i t i c  magmas.

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

T e r t i a r y  s e d i m e n t s ,  were d e r i v e d  from b o t h  reworked  T e r t i a r y  c j e p o s i t s  and

I
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e r o s i o n a l  p r o d u c t s  o f  b a s i n  r im b e d r o c k .  The g e n e r a l  i n c r e a s e  i n  p a r t ­

i c l e  a n g u l a r i t y  a p p r o a c h i n g  t h e r m oun ta in  f r o n t s  t h a t  i s  a p p a r e n t  i n  t h e s e  

d e p o s i t s  s u p p o r t s  t h i s  h y p p t h e s i s .

No l o e s s  d e p o s i t s  a r e  p r e s e n t  i n  the^map a r e a ,  b u t  f a r m la n d  in i  t h e

n o r t h e r n  p a r t  o f  t h e  F o r t  E l l i s  s u b a r e a  may be p a r t i a l l y  c ove re d  by t h i s  

t y p e  o f  . m a t e r i a l .

R e c e n t  l a g  g r a v e l  d e p o s i t s  a r e  d e v e l o p i n g  a t  p r e s e n t  on th e  Beacon 

H i l l  s u b a r e a  s u r f a c e .

STRUCTURE

T h r u s t  f a u l t i n g  and t e a r  f a u l t i n g  in  t h e  s o u t h e a s t  c o r n e r  o f  t h e  b a s i n  

( P l a t e  I ) ,  a d j a c e n t  t o  Bear  Canyon,  s u g g e s t  m u l t i p h a s e  r e l e a s e  from com- 

p r e s s i o n a l  f o r c e s .  E d s t - w e s t  c o m p r e s s io n  would a c c o u n t  f o r  t h e  n o r t h - s o u t h  

i m b r i c a t e  t h r u s t  p a t t e r n  d e v e lo p e d  i n  P a l e o z o i c  and M esozo ic  f o r m a t i o n s .  

These  t h r u s t s  a r e  f u r t h e r  c u t  by a n o r t h w e s t - s o u t h e a s . t  a l i g n e d  t e a r  f a u l t  

t h a t  p r o b a b l y  i n d i c a t e s  r e l i e f  f rom a f o r c e  c oup le  i n i t i a t e d  by c o n t i n u e d  

c o m p r e s s iv e  f o r c e s .  The o v e r t u r n e d  P a l e o z o i c  and Mesozo ic  s t r a t a  i n v o l v e d  

i n  t h e s e  t h r u s t  p l a t e s  s u g g e s t s  t h a t  t h e y  may mark t h e  m arg in  o f  an o v e r ­

t u r n e d  a n t i c l i n a l  u p l i f t .  The w es t  f l a n k  o f  t h e  u p l i f t  e i t h e r  has  B e e h t s  

s u b s e q u e n t l y  removed by e r o s i o n  o r  down f a u l t e d  by normal  f a u l t s  now o b s c u re d  

by b a s i n  f i l l .  I f  t h e  l a t t e r  i s  t r u e ,  t h i s  a n t i c l i n a l  f l a n k ,  o r  p a r t s  o f  

i t  may now form p a r t  o f  t h e  b a s i n  f l o o r .

The B r i d q e r  C r e e k -B e a r  Canyon ^ a u l t : A m a jo r  n o r t h w e s t  t r e n d i n g  f a u l t

i s  i n d i c a t e d  a l o n g  t h e  w es t  f l a n k  o f  t h e  B r i d g e r  Range. I t  was r e f e r r e d  t o
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by McMannis (1955) and H a c k e t t  and o t h e r s  (1960)  as  t h e  B r i d g e r  C re e k -B e a r  

Canyon if q u i t .  S e v e r a l  s p r i n g s  mark t h e  g e n e r a l  t r a c e  o f  t h e  p o s t u l a t e d  

f a u l t .
i

The T e r t i a r y  s t r a t a  i n  t h e  Beacon H i l l  s u b a r e a  s t r i k e  a p p r o x i m a t e l y  

n o r t h  and d i p  2 - 7  d e g r e e s  e a s t  toward  t h e  m oun ta in  f r o n t  where t h e y  a p p e a r  

t o  t e r m i n a t e  a g a i n s t  t h e  p o s t u l a t e d  B r i d g e r  C r e e k -B ea r  Canyon f a u l t .  How­

e v e r ,  d i r e c t l y  a d j a c e n t  t o  t h e  f a u l t , t h e  s t r a t a  a r e  c ove re d  by R e c e n t  l a g  

g r a v e l s .  T h i s  g e n e r a l  e a s t w a r d  d i p  i s  a l s o  i n d i c a t e d  i n  t h e  e a s t e r n  t h r e e -  

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

s t r u c t u r a l  a t t i t u d e  a r e  v e r y  s c a r c e .  S e v e r a l  c o b b le s  i n  t h e  g r a v e l ,  l i t h ­

o l o g i c a l l y  s i m i l a r  t o  t h o s e  c o n t a i n e d  in  t h e  T e r t i a r y  c o n g lo m e r a t e s ,  were 

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

i f  t h e  f a u l t  i s  a normal  t e n s i o n a l  f a u l t  w i t h  t h e  wes t  b l o c k  downthrown,  as  

i s  p o s t u l a t e d  by McMannis (1955) and H a c k e t t  and o t h e r s  ( 1 9 6 0 ) ,  l a t e r  T e r ­

t i a r y  o r  reworked  T e r t i a r y  d e p o s i t s  may have o v e r l a p p e d  t h e  upthrown e a s t  

b l o c k .  The e x a c t  t r a c e  o f  t h e  f a u l t  p l a n e  a t  t h e  s u r f a c e  i s  now o b s c u re d  by 

l a g  g r a v e l s  m en t io n e d  unde r  " Q u a t e r n a r y  d e p o s i t s " .  F a u l t i n g  may a l s o  have 

i s o l a t e d  p r e v i o u s l y  o v e r l a p p i n g  T e r t i a r y  s e d im e n t s  on t h e  Upthrownl b l o c k .  

However , v e g e t a t i v e  g rowth  p a t t e r n s  ( a l i g n e d  p a r a l l e l  t o  exposed  d i p p i n g  

s t r a t a  t o  t h e  w e s t )  n e a r  t h e  to p  o f  s o u th  f a c i n g  s l o p e s  o f  t h e  Beacon H i l l  

s u b a r e a  a r e  v i s i b l e  a b o u t  a hundred  y a r d s  w e s t  o f  t h e  f a u l t  l i n e .  T h e i r  

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

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

T e r t i a r y  s t r a t a  now p r e s e r v e d  w es t  o f  t h e  f a u l t  were a c t u a l l y  d e p o s i t e d  

p r i o r  t o  t h e  f i n a l  s i g n i f i c a n t  v e r t i c a l  d i s p l a c e m e n t  o f  t h e  f a u l t  and any
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T e r t i a r y  s e d im e n t s  d e p o s i t e d  l a t e r  a s  a . s t r a t i g r a p h i c  o v e r l a p  o f  t h e  f a u l t  

have s i n c e  been e r o d e d  and no d e f i n i t e  e v i d e n c e  o f  t h e m . r e m a i n s .

The c o m b in a t io n  o f  d i p  o f  t h e  s t r a t a  and t h e  i m b r i c a t i o n  o f  the  g r a v e l s  

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

s im p ly  a s t r a t i g r a p h i c  o n l a p  r e l a t i o n s h i p .  Age o f  t h e  T e r t i a r y  g r a v e l s  

and d i r e c t i o n  o f  s e d im e n t  t r a n s p o r t  s u g g e s t s  most  r e c b n t  movement on the  

f a u l t  t o  be o f  p o s t - l a t e  Miocene age .

S t r u c t u r a l  r e l a t i o n s h i p s  be tween  T e r t i a r y  s t r a t a  and t h e  f r o n t  o f  t h e  

G a l l a t i n  Range;  S t r u c t u r a l  a t t i t u d e s  in  t h e  T e r t i a r y  s t r a t a  o f  t h e  e x t r e m e  

n o r t h w e s t  p a r t  o f  t h e  F o r t  E l l i s  s u b a r e a  d i f f e r  f rom t h o s e  o f  t h e  Beacon 

H i l l  s u b a r e a .  The s t r i k e  h e r e  i s  a p p r o x i m a t e l y  e a s t  w i t h  a g e n e r a l  12 

d e g r e e  s o u th  d i p .  T h i s  a t t i t u d e  i s  g e n e r a l l y  p e r s i s t e n t  t o  abou t  t h e  m idd le  

o f  t h e  e a s t  b o r d e r  o f  s e c .  19, T . 2 S . ,  R . 6 E . ,  as  i n d i c a t e d  on the'■map ( P l a t e  I )  

A t t i t u d e s  o f  t h e  T e r t i a r y  beds  a r e  o b s c u r e d  t o  t h e  s o u th  a lo n g  the  wes t  

f a c i n g  Sourdough  Creek  e s c a r p m e n t .

The g e n t l e  sou th w ard  d i p  o f  T e r t i a r y  s t r a t a  a lo n g  Sourdough Creek 

toward  t h e  G a l l a t i n ;  Range i s  a n a lo g o u s  t o  t h e  g e n t l e  e a s t w a r d  d i p  o f  

T e r t i a r y  s t r a t a  tow ard  t h e  p o s t u l a t e d  B r i d g e r  C r e e k -B e a r  Canyon f a u l t  

( b o r d e r i n g  t h e  f r o n t  o f  t h e  B r i d g e r  Range) o f  t h e  Beacon H i l l  s u b a r e a .

The w r i t e r  a c c e p t s  t h i s  a n a lo g y  as  e v i d e n c e  s u g g e s t i n g  p r e s e n c e  o f  a
:

b u r i e d  f a u l t  be tw een  m o u n ta in  f r o n t  and b a s i n  a lo ng  t h e  n o r t h  f r o n t  o f  t h e
' 1

G a l l a t i n  Range .  H a c k e t t  and o t h e r  (1960)  d i d  n o t  map a f a u l t  c o n t a c t  b e ­

tween b a s i n  d e p o s i t s  and o l d e r  r o c k s  c o m p r i s i n g  t h e  f r o n t  o f  t h e  G a l l a t i n  

Range .  He mapped a s t r a t i g r a p h i c  c o n t a c t  where t h e  R e c e n t  g r a v e l s  a r e  i n  

c o n t a c t  w i t h  t h e  v e r y ’ o ld  r o c k s  t h a t  form t h e  m oun ta in  f r o n t .  The w r i t e r
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was a l s o  u n a b le  to" d i s c o v e r  e v i d e n c e  t h a t  would a c c u r a t e l y  i n d i c a t e  o r  l o c a t e  

a f a u l t  a lo n g  t h i s  f r o n t  so t h e  d o t t e d  s t r a t i g r a p h i c  map c o n t a c t  o f  H a c k e t t  

was r e t a i n e d  b e c a u s e  o f  l a c k  o f  e v i d e n c e  as  t o  t h e  e x a c t  l o c a t i o n  o f  a f a u l t .  

However,  McMannis ( p e r s o n a l ' c o m m u n i c a t i o n ,  1961) has  o b s e r v e d  T e r t i a r y  s t r a t a  

d i p p i n g  g e n t l y  i n t o  t h e  m oun ta in  f r o n t  d i r e c t l y  a d j a c e n t  t o  t h e  G a l l a t i n  

Range a s h o r t  d i s t a n c e  w es t  o f  t h e  map a r e a .  T h i s  e v i d e n c e  a l s o  s t r o n g l y  

s u g g e s t s  a m a j o r  f a u l t  s e p a r a t i n g  b a s i n  and r an g e  a lo n g  t h e  n o r t h  f r o n t  

o f  t h e  G a l l a t i n  Range .

S i g n i f i c a n c e  o f  d e f ormed T e r t i a r y  s t r a t a : The g e o m e t r i c  r e l a t i o n s h i p s

o f  t h e  T e r t i a r y  s t r a t a  d i s c u s s e d  above a r e  s u g g e s t i v e  o f  l a t e  T e r t i a r y  ( o r  

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

t h e  T e r t i a r y  s t r a t a  t o  d i p  toward  o b s e rv e d  o r  p o s t u l a t e d  normal  f a u l t s  

t h a t  b o r d e r  t h e  m o u n ta in  f r o n t s .  R e s t o r a t i o n  o f  t h e  T e r t i a r y  s t r a t a  t o  

a h o r i z o n t a l  a t t i t u d e  i s  i m p r a c t i c a l  s i n c e  even a p p ro x im a te  l o c a t i o n  o f  t h e  

h i n g e  l i n e  i s  unknown. The e x t e n t  t o  which b a s i n  d e p o s i t s  c ove red  t h e ,  | ) a s in  

r im  b e f o r e  f a u l t i n g  i s  e q u a l l y  d i f f i c u l t  t o  imagine  s i n c e  n e t  d i s p l a c e m e n t  

o f  t h e  f a u l t  and t h e  e x t e n t  t o  which e r o s i o n  had p l a n e d  down Mesozoic  and 

P a l e o z o i c  r o c k  f o r m a t i o n s  a round  t h e  r im  a t  t h i s  t ime  i s  unknown. The 

t h i c k n e s s  and d i p  o f  t h e  measured  s t r a t i g r a p h i c  s e c t i o n  i n d i c a t e s  s t r a t i ­

g r a p h i c  d i s p l a c e m e n t  on t h e  f a u l t  i s  g r e a t e r  t h a n  1 ,500 f e e t .  S e i s m i c  

i n f o r m a t i o n  on t h e  n a t u r e  o f  t h e  b a s i n  f l o o r  a d j a c e n t  . t o  t h e  mounta in  

f r o n t s  m igh t  p r o v i d e  more p r e c i s e  d a t a  on t h e  s t r a t i g r a p h i c  d i s p l a c e m e n t  

a lo n g  the. f a u l t s  and t h e r e b y  remove some o f  t h e  c o m p l i c a t i o n s  of  r e s t o r ­

i n g  p a l e o - t o p o g r a p h y .  P o s s i b l y  t h e  T e r t i a r y  d e p o s i t s  e x t e n d e d  as  f a r  e a s t

/
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as  t h e  Y e l lo w s to n e  V a l l e y ,  o r  maybe t h e y  n e v e r  r e a c h e d  t h e  to p  o f  t h e  b a s i n  

r im — one can o n l y  s p e c u l a t e  i n  t h e  l i g h t  o f  p r e s e n t  knowledge .

The change i n  a t t i t u d e  be tween  t h e  T e r t i a r y  beds  a lo n g  Sourdough 

C re e k ,  t h e  Beacon H i l l  s u b a r e a ,  and t h o s e  exposed  i n  t h e  f i r s t  major  

n o r t h - s o u t h  i n c i s e d  g u l l y  e a s t  o f  Sourdough Greek i s  o b s c u re d  by Q u a t e r n a r y  

a l l u v i u m .  The change may be r e l a t e d  t o  f a u l t i n g  b u t  t h e r e  i s  no evidence 

t o  s u p p o r t  such a c o n c l u s i o n .

F a u l t e d  T e r t i ar y  d e p o s i t s ; Two d e f i n i t e  f a u l t  z one s  were obse rved  

w i t h i n  t h e  T e r t i a r y  s e d i m e n t s .  The o b s e rv e d  f a u l t s  a r e  shown on t h e  map 

by d o t t e d  l i n e s  s i n c e  t h e y  a r e  v i s i b l e  o n ly  i n  e ro d e d  f a c e s  and th e  d i r ­

e c t i o n  and e x t e n d  o f  t h e i r  t r a c e s  i s  s p e c u l a t i v e .  D i s p l a c e m e n t s  a r e  

sm a l l . ,

One o f  t h e  f a u l t  zones i s  i n  t h e  SW 1 /4  s e c .  7,  T . 2 S . , R .6F .  At 

l e a s t  t h r e e  e a s t - t r e n d i n g  f a u l t s  a r e  v i s i b l e  on which a p p a r e n t  d i s p l a c e ­

ments  v a r y  from l e s s  t h a n  a f o o t  t o  a maximum o f  f i v e  f e e t . The s o u t h ­

e r l y  two a r e  r e l a t i v e l y  upthrown on t h e  s o u t h .  The f a u l t  f a r t h e s t  to  

t h e  n o r t h  shows t h e  o p p o s i t e  d i s p l a c e m e n t  ( F i g .  4 ) .

The o t h g r  f a u l t  zone o b s e rv e d  d i s p l a c e s  beds  i n  t h e  ash  d e p o s i t  

l o c a t e d  i n  Sl/t 1/4. s e c .  10, T . 2 S . ,  R.6E.  Two f a u l t s  a r e  exposed  i n  an 

e x c a v a t i o n  and bo th  a p p e a r  t o  s t r i k e  i n  a n o r t h e a s t  d i r e c t i o n .  Both 

have t h e i r  s o u t h e a s t  b l o c k s  upthrown r e l a t i v e  t o  t h e  n o r t h w e s t  b l o c k s .

The e o l i a n  ash  and d i s c o n f o r m a b l y  o v e r l y i n g  f l u v i a l  sand and g r a v e l  

d e p o s i t s  a r e  a l l  c u t  by t h e  f a u l t s  ( P l a t e  4 ,  F i g s .  I & 2 ) .
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F i g u r e  4 .  F a u l t e d  T e r t i a r y  d e p o s i t s  a lo n g  Sourdough C r e e k .  Coarse  g r a v e l  
d e p o s i t s  a t  top  o f  e x p o s u r e  a r e  u n d e r l a i n  by h i g h l y  t u f f a c e o u s  sands and 
s i l t s .  Note  t h a t  p r e s e n t  e r o s i o n  i s  e x p l o i t i n g  th e  l e s s  r e s i s t a n t  s e d im e n t  
exposed  a lo n g  f a u l t  p l a n e s .

A l though  t h e  f a u l t s  o f  bo th  zones  a p p e a r  i m p o s s i b l e  t o  t r a c e ,  exam in­

a t i o n  o f  t r e n d s  on t h e  map s u g g e s t s  they]m ay  bo th  be lo n g  t o  t h e  same sys tem  

and may be i n t e r c o n n e c t e d .  The amount o f  r e l a t i v e  d i s p l a c e m e n t  on th e  ash  

bed f a u l t s  a p p e a r s  t o  be s l i g h t l y  g r e a t e r  than  on t h o s e  a lo n g  Sourdough 

C re e k .

A l b e r t  E.  R o b e r t s  o f  t h e  U .S .  G e o l o g i c a l  Su rvey  ( p e r s o n a l  communica t ion  

to  McMannis, 1961) r e p o r t e d  f i n d i n g  a w es t  t r e n d i n g  f a u l t  w i t h  c o n s i d e r a b l e  

d i s p l a c e m e n t  t h a t  c u t s  a c r o s s  t h e  n o r t h e r n  end o f  t h e  C h e s t n u t  Mountain a n t i ­

c l i n e  e a s t  o f  t h e  map a r e a .  He s u s p e c t s  t h i s  f a u l t  i n t e r s e c t s  the  B r i d g e r
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Q r e e k -B ea r  Canyon f a u l t  n e a r  t h e  n o r t h  c e n t r a l  bounda ry  o f  s e c .  14, J . 2 S . ,  

R.6E:. At t h a t  p o i n t  a s m a l l ,  l i g h t  c o l o r e d ,  v e r y  f i n e - g r a i n e d  ig n e o u s  

i n t r u s i v e  i s  e x p o s e d .  F u r t h b r  p r o j e c t i o n  o f  t h a t  p o s t u l a t e d  f a u l t  t r e n d  

i n  a w e s t e r l y  d i r e c t i o n  n e a r l y  c o i n c i d e s  w i t h  t h e  o b s e rv e d  f a u l t  zone 

exposed  a lo n g  Sourdough  C re e k .  T h e r e f o r e ,  t h e  Sourdough f a u l t  zone may 

mark t h e  e x t r e m i t i e s  o f  t h e  above m en t io n e d  f a u l t  on C h e s t n u t  Mountain,  

a n t i c l i n e .  In  t h e  l i g h t  o f  p r e s e n t  knowledge arid b e c a u s e . o f  t h e  l a c k  

o f  more c q n c r e t e  e v i d e n c e ,  t h e  w r i t e r  ha s  no d e f i n i t e  c o n c l u s i o n s  on th e  

i n t e r r e l a t i o n s h i p s  o f  t h e  f a u l t  z one s  d i s c u s s e d .

Summary o f  s t r u c t u r a l  f e a t u r e s : E a r l y  Laram ide  c o m p r e s s i o n a l  f o r c e s

were i n s t r u m e n t a l  i n  i n f l u e n c i n g  d e v e lo p m en t  o f  t h e  s o u t h e a s t  c o r n e r  of  

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

f a u l t  p a t t e r n s  i n  t h i s  a r e a .  Normal t e n s i o n a l  f a u l t i n g ,  e r o s i o n ,  or  a 

c o m b i n a t i o n  o f  b o t h  a p p a r e n t l y  c o n t r i b u t e d  t o  de ve lopm en t  o f  a d e p r e s s i o n ,  

i n c l u d i n g  t h e  map a r e a ,  t h a t  s u b s e q u e n t l y  s e rv e d  as  a d e p o s i t i o n a l  s i t e  

f o r  T e r t i a r y  s e d i m e n t s .  However , s t r u c t u r e  i s  f a v o r e d  by t h e  w r i t e r  as  

t h e  p r i m a r y  i n f l u e n c e  on b a s i n  d e v e lo p m e n t .

S t r u c t u r a l  a t t i t u d e s  o f  T e r t i a r y  s t r a t a  and t h e i r  r e l a t i o n  to  t h e  

m o u n ta in  f r o n t s  b o r d e r i n g  t h e  b a s i n  s u g g e s t  a phase  o f  normal  f a u l t i n g  t h a t  

f u r t h e r  r e l a t i v e l y  d ropped  t h e  f l o o r  o f  t h e  b a s i n  i n  t h i s  a r e a .  Some o f  

t h i s  l a t e  C e noz o ic  f a u l t i n g  may be t h e  r e s u l t  o f  r e c u r r e n t  movement a lo n g  

p r e v i o u s l y  e s t a b l i s h e d  f a u l t  p l a n e s  as  p o s t u l a t e d  by McMannis (1955,  p .  

1 4 2 6 -1 4 2 7 ) .
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F i g u r e  I .  Normal f a u l t s  i n  c r o s s b e d d e d  T e r t i a r y  ash d e p o s i t s ,  Beacon 
H i l l  s u b a r e a .

F i g u r e  2. Normal f a u l t s  in  c ro s s b e d d e d  T e r t i a r y  ash d e p o s i t s ,  Beacon 
H i l l  s u b a r e a
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No f a u l t s  a r e  o b s e rv e d  c u t t i n g  Q u a t e r n a r y  d e p o s i t s  i n  t h e  s o u t h e a s t  

c o r n e r  o f  t h e  v a l l e y ,  which i s  i n  ag re e m e n t  w i t h  t h e  f i n d i n g s  o f  McMannis 

( p e r s o n a l  comm unica t ion)  and t h i s  a p p a r e n t l y  r e s t r i c t s  t h e  l a t e s t  s i g n i f ­

i c a n t  s t r u c t u r a l  movement i n  t h e  s o u t h e a s t  c o r n e r  o f  t h e  b a s i n  t o  p re -Re  c e n t  

t i m e .

GEOMORPHOLOGY

The c h a r a c t e r i s t i c  geom orph ic  f e a t u r e s  i n  t h e  map a r e a  a r e  t h e  p l a n a r  

t o p o g r a p h i c  s u r f a c e s ' ,  a l l u v i a l  f a n s ,  and p r e s e n t  s t r e a m  d r a i n a g e s .  No 

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

t i o n  i s  p r e s e n t  d i r e c t l y  s o u th  o f  t h e  map area i n  t h e  G a l l a t i n  Range.

L oess  d e p o s i t s ,  which may be t h e  r e s u l t  o f  a p e r i g l a c i a l  e n v i r o n m e n t ,  a r e  

p r e s e n t  i n  s e v e r a l  l o c a t i o n s  i n  t h e  v a l l e y ,  however ,  t h e  w r i t e r  saw no 

c l e a r c u t  l o e s s  d e p o s i t s  i n  t h e  map a r e a .

S u r f a c e s :  S u r f a c e s  i n  t h e  a r e a  can be g rouped  i n t o  f i v e  m a jo r  c a t e ­

g o r i e s ;  I )  t h e  wes tward  s l o p i n g  s u r f a c e  n o r t h  o f  B r i d g e r  Cre e k ;  2) the  

n o r t h w e s t  s l o p i n g  s u r f a c e s  o f  t h e  Beacon H i l l  s u b a r e a ,  h e r e a f t e r  known as  

t h e  Beacon H i l l  s u r f a c e s ;  3) t h e  g e n t l y  n o r th w a r d  s l o p i n g  s u r f a c e i n  t h e  

F o r t  E l l i s  s u b a r e a ,  h e r e a f t e r  known as  t h e  F o r t  E l l i s  s u r f a c e ;  4) t h e  g e n ­

t l y  n o r th w a r d  s l o p i n g  Bozeman f a n ;  and 5) t h e  g e n t l y  s l o p i n g  f l o o d p l a i n s  

o f  the- p r e s e n t  m a j o r  d r a i n a g e s .

S u r f a c e  n o r t h  o f  B r i d q e r  C r e e k : The s u r f a c e  n o r t h  o f  B r i d g e r  Creek

a p p e a r s  t o  be u n d e r l a i n  by T e r t i a r y  s e d im e n t s  (GR-12, P l a t e  I  and T a b le  3) 

capped  by Q u a t e r n a r y  g r a v e l s  p r o b a b l y  d e r i v e d  from t h e  B r i d g e r  Range t o  t h e  

e a s t .  Only one e x p o s u r e  o f  t h e  u n d e r l y i n g  T e r t i a r y  s e d im e n t s  i s  p r e s e n t  

a lo n g  t h e  n o r t h  s i d e  o f  B r i d g e r  Creek  V a l l e y  and t h e  S t r u c t u r a l  a t t i t u d e
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o f  T e r t i a r y  s t r a t a  i s  o b s c u r e . The p r e s e n t l y  d e v e lo p e d  s u r f a c e  s l o p e s  wes t  

and i s  e v e rw h ere  low er  t h a n  t h e  a d j a c e n t  Beacon H i l l  s u r f a c e s  s o u th  o f  B r id  

g e r  C re e k .  I t  may r e p r e s e n t  a w e s t  s l o p i n g  a l l u v i a t e d  s u r f a c e  cu t  d u r i n g  

l a t e  T e r t i a r y  t im e  t h a t  c o n n e c t e d  t h e  G a l l a t i n  V a l l e y  and t h e  B r i d g e r  Range 

a t  some s t a g e  i n  t h e i r  d e v e lo p m e n t .  I t  i s  a t  p r e s e n t  o v e r l a p p e d  by a Qua t ­

e rn a r y .  a l l u v i a l  f an  d e r i v e d  from t h e  B r i d g e r  Range and g r a d e d  t o  a base  

l e v e l  d e t e r m i n e d  by a p r e v i o u s  d r a i n a g e  sys tem  i n  t h e  v a l l e y . . The f a n  t e r - ,  

m i n a t e s  a b o u t  50 f e e t  above t h e  p r e s e n t  E a s t  G a l l a t i n  R i v e r  f l o o d p l a i n .  

McMannis (1955)  s u g g e s t s  t h e  ped im e n te d  T e r t i a r y  s u r f a c e  may be a c o n t i n u ­

a t i o n  o f  t h e  n o r t h  s l o p i n g  Beacon B i l l  s u r f a c e  i m m e d i a t e l y  so u th  o f  B r i d g e r

C r e e k .  However,  o n l y  one v e r y  r e s t r i c t e d  o u t c r o p  o f  T e r t i a r y  m a t e r i a l  i s
I

e xposed  and t h e  e x t e n s i v e  Q u a t e r n a r y  c o v e r  p r e v e n t s  more p r e c i s e  a n a l y s i s .
' 44 ^

Beacon H i l l  s u r f a c e s : The w e l l  d e v e lo p e d  s u r f a c e s  l o c a t e d  in  t h e
\

w e s t e r n  p a r t  o f  t h e  Beacon H i l l  s u b a r e a  a r e  b e l i e V e d  t o  be c u t  e x c l u s i v e l y  

on T e r t i a r y  s t r a t a .  Two of  t h e s e  s u r f a c e s ,  w i t h  s i m i l a r  s l o p e s  bu t  d i f ­

f e r e n t  e l e v a t i o n s ,  a r e  s e p a r a t e d  a lo n g  an i n t e r m i t t e n t  d r a i n a g e  ( F ig .  5 ) .  

The marked d i f f e r e n c e  i n  e l e v a t i o n ,  s h a r p l y  d e f i n e d  a t  t h e  w e s t e r n  m arg in  

o f  t h e  s u b a r e a ,  d e c r e a s e s  e a s t w a r d  a lo n g  t h e  v a l l e y  s e p a r a t i n g  them where 

t h e  p l a n a r  a p p e a r a n c e  o f  t h e  s u r f a c e s  becomes o b s c u re d  by t h e  rough t o p o ­

graphy, .  P o s s i b l y  a f a u l t  a lo n g  t h e  i n t e r m i t t e n t  s t r e a m  v a l l e y  o f f s e t s  

t h e  s u r f a c e s .  However , no d e f i n i t i v e  e v i d e n c e  was found i n  t h e  a r e a  of  

t h e  s u s p e c t e d  f a u l t  t r a c e .  Lag g r a v e l  caps  on bo th  s u r f a c e s  r e s e m b le  - 

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

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

d i n g  i s  s h a r p l y  t r a n s e c t e d .  No d e f i n i t e  c o n c l u s i o n s  can be drawn on t h e
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F i g u r e  5.  View e a s t w a r d  toward  t h e  Beacon H i l l  s u b a r e a  from Highway 10. 
Note smooth p l a n a r  e r o s i o n  s u r f a c e s .

b a s i s  o f  a v a i l a b l e  e v i d e n c e .  However , t h e  Q u a t e r n a r y  l a g - g r a v e l  caps 

l i t h o l o g i c a l l y  a r e  u n l i k e  o t h e r  Q u a t e r n a r y  g r a v e l s  in  t h e  a r e a .  T h i s  l e a d s  

t h e  w r i t e r  t o  c o n c lu d e  t h a t  t h e s e  s u r f a c e s  r e p r e s e n t  t h e  o l d e s t  r e m a in in g  

e r o s i o n a l  s u r f a c e s  i n  t h e  map a r e a .  They a p p e a r  t o  have been i s o l a t e d  (by 

means d i s c u s s e d  l a t e r )  f rom t h e  r e m a in d e r  o f  t h e  a r e a  and were c o n s e q u e n t l y  

r e a s o n a b l y  w e l l  p r o t e c t e d  from t h e  e x t e n s i v e  e r o s i o n  t h a t  c u t  and d e v e lo p e d  

more r e c e n t  low er  s u r f a c e s .

F o r t  E l l i s  s u r f a c e  and Bozeman f a n ; T e r t i a r y  s t r a t a  u n d e r l y i n g  the  

n o r t h e r n  p a r t  o f  t h e  F o r t  E l l i s  s u r f a c e , w i th  t h e  e x c e p t i o n  o f  ro c k s  exposed  

a lo n g  th e  e a s t  bank o f  Sourdough C reek ,  have t h e  same g e n e r a l  s t r u c t u r a l  

a t t i t u d e  as  t h o s e  o f  t h e  Beacon H i l l  s u b a r e a .  However, t h e  r o u g h ly  p l a n a r  

s u r f a c e  d e v e lo p e d  on t h e s e  s t r a t a ,  a l t h o u g h  t r a n s e c t i n g  bed d in g  as  in  t h e  

c a se  o f  t h e  Beacon H i l l  s u r f a c e s ,  s l o p e s  g e n t l y  n o r th w ard  and t e r m i n a t e s  

a b o u t  50 f e e t  above t h e  s o u th  edge  o f  t h e  f l o o d p l a i n  o f  t h e  E a s t  G a l l a t i n
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R i v e r .  The s o u t h e r n  p a r t  o f  t h i s  s u r f a c e  i s  o v e r l a p p e d  by Q u a t e r n a r y  d e ­

p o s i t s  a p p a r e n t l y  l a i d  down by s t r e a m s  o r i g i n a t i n g  i n  t h e  G a l l a t i n  Range 

t o  t h e  s o u t h .  As a r e s u l t  t h e  s u r f a c e  i s  concave  upward i n  i t s  s o u th e r n  

e x t r e m i t i e s  and a b u t s  s h a r p l y  a g a i n s t  t h e  m oun ta in  f r o n t  a lo n g  the  n o r t h  

s l o p e s  o f  Mt.  E l l i s  and i s  capped by Q u a t e r n a r y  g r a v e l s  which become more 

a n g u l a r  toward  the! m oun ta in  f r o n t .  The o v e r a l l  appearance s u g g e s t s  a p e d i -  

mented s u r f a c e  c u t  on T e r t i a r y  strata t h a t  i s  now p a r t i a l l y  o v e r l a p p e d  i n  i t s

s o u t h e r n  p a r t  by Q u a t e r n a r y  s e d im e n t s  c o m p r i s i n g  th e  Mt-. E l l i s  f an  ( s e c t i o n s  

A1-A and B-A, P l a t e  IV ) .

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

A l though  t h e  n o r t h e r n  p a r t  o f  t h e  s u r f a c e ,  i s  a p p a r e n t l y  c u t  on T e r t i a r y  b e d ­

r o c k ,  t h e  g r a v e l s  i n  t h e  g u l l y  b o t to m s  i n c l u d e  P a l e o z o i c  and M esozoic  m a t ­

e r i a l s  s i m i l a r  t o  t h e  t y p e  t h a t  cou ld  have been d e r i v e d  from bedrock  r imming 

t h e  b a s i n  t o  t h e  s o u t h ,  a s  w e l l  as  i n t e r m i x e d  reworked  T e r t i a r y  m a t e r i a l s .  

These  may have been  d e r i v e d  from T e r t i a r y  d e p o s i t s  a lo n g  t h e  g u l l y  banks

and from bed load  m a t e r i a l  o f  t h e  Mt.  E l l i s  f a n  a r e a  d u r i n g  s e a s o n a l  f l o o d  

r u n o f f .

One i m p o r t a n t  d e p o s i t  o f  Q u a t e r n a r y  t y p e  g r a v e l s  i s  p e rc h e d  on th e  

s u r f a c e  a t  t h e  t o p  o f  t h e  e a s t  bank o f  a m a j o r  n o r th w a r d  d r a i n i n g  g u l l y  

i n  t h e  SW 1 /4  s e c .  15, T . 2 S . ,  R..6E, The d e p o s i t  c o m p r i se s  a t o p o g r a p h i ­

c a l l y  h ig h  p o i n t  on t h i s  p a r t  o f  t h e  s u r f a c e  and a t  p r e s e n t  i s  b e in g  q u a r ­

r i e d  f o r  a g g r e g a t e .  L i t h o l o g i c a l l y  i t  c o n s i s t s  o f  r o c k  r a n g i n g  in  age from 

P r e c a m b r i a n  t h r u  M esozo ic ;  most  o f  t h e  c o n s t i t u e n t s  a r e  p r e s e n t l y  r e p r e s e n t e d  

by b e d ro c k  o u t c r o p s  d i r e c t l y  t o  t h e  s o u th  a lo n g  t h e  b a s i n  r im .  Sample .GR-5 

( P l a t e  I )  f rom t h i s  l o c a l i t y  was a n a l y z e d  and t h e  r e s u l t s  a r e  compi led  i n
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T a b le  3 ( P l a t e  I I I ) .  I t s  h ig h  i s o l a t e d  p o s i t i o n  and d i s t i n c t i v e  l i t h o l o g i c  

c h a r a c t e r  a r o u s e d  s p e c u l a t i o n  t h a t  i t  may be an e r o s i o n a l  o u t l i e r  o f  an 

o l d e r  Q u a t e r n a r y  a l l u v i a l  f a n  t h a t  f o r m e r l y  c o m p l e t e l y ,  m a n t l e d  t h e  T e r t i a r y  

s u r f a c e .

The F o r t  E l l i s  s u r f a c e  appears  t o  be an e a s t w a r d  e x t e n s i o n  o f  t h e  GoobiV s 
R idge  s u r f a c e  (w e s t  o f  and o u t s i d e  t h e  map a r e a ) .  The l a t t e r  i s  a t o p o g r a p h ­

i c a l l y  h ig h  s u r f a c e  c p t  on T e r t i a r y  b e d r o p k . T h i s  s u r f a c e  s l o p e s  n o r t h w e s t ­

ward away from t h e  m oun ta in  f r o n t  be tween  Middle  Creek  and Sou th  Cottonwood 

C r e e k .  L i n e s  drawn g e n e r a l l y  c o i n c i d e n t  w i t h  t h e  5 ,0 0 0  f o o t  c o n to u r  l i n e s  

on bo th  s u r f a c e s  a r e  s m o o t h l y , a r c u a t e  and concave toward  t h e  m ounta in  f r o n t .  

An e a s t w a r d  e x t e n s i o n  o f  t h e  a r c  drawn on t h e  Gooch’ s Ri(Jge s u r f a c e  and a 

wes tward  e x t e n s i o n  o f  t h e  a r c  on t h e  F o r t  E l l i s  s u r f a c e  i n t e r s e c t  as  a p h a n ­

tom above t h e  p r e s e n t  Bozeman f a n .  The s i n g l e  r e s u l t a n t  a r c  may d e f i n e  t h e  

5 , OOQ f o o t  c o n t o u r  on a r e s t o r e d  s u r f a c e  c u t  on T e r t i a r y  s t r a t a .  A r e p e t i -
i

t i o n  o f  t h e  above o p e r a t i o n  p e r fo rm e d  on t h e  5 ,2 0 0  f o o t  c o n t o u r  y i e l d s  s i m i ­

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

r em a in  p a r t i a l l y  i n t a c t ,  a p p e a r s  t o  have had i t s  c e n t r a l  p a r t  c u t  away by 

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

f a n .  C o m p o s i t io n  o f  s u r f a c e  g r a v e l s  i n d i c a t e s  t h e  Bozeman f a n  i s  Q u a t e r n a r y  

w h i l e  t h o s e  o f  t h e  F o r t  E l l i s  and Gooch’ s R idge  s u r f a c e s  more n e a r l y  r e s e m b le  

T e r t i a r y .  Both t h e  o l d e r  r e s t o r e d  s u r f a c e  and t h e  Q u a t e r n a r y  fan  a p p e a r  t o  

be t h e  r e s u l t  o f  g r a d i n g  o f  s u r f a c e s  e x t e n d i n g  from t h e  G a l l a t i n  Range 

f r o n t  n o r th w a r d  i n t o  t h e  v a l l e y  t h a t  were c o n t r o l l e d  by m a s t e r  d r a i n a g e  

p a t t e r n s  o f  t h e  b a s i n  o r  t h e  d r a i n a g e  e x i t  f rom t h e  b a s ; n .
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I n v e s t i g a t i o n  o f  s h o u l d e r s  d e v e lo p e d  on t h e  m o un ta in  f r o n t  r imming th e  

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

t h a t  b a s i n  f i l l  had e v e r  e x t e n d e d  up t o  t h e  e l e v a t i o n  o f  t h e  s h o u l d e r s .

Rock f r a g m e n t s  p r e s e n t  on t h e  s h o u l d e r s  were a n g u l a r  f r a g m e n t s  o f  bed rock  

d e r i v e d  i n  s i t u  f rom s t r a t a  r imming t h e  b a s i n .

The Mt.  E J l l i s  f an  i s  a s t r i k i n g  f e a t u r e  o f  t h e  p r e s e n t  t o p o g ra p h y  and 

i t s  r e l a t i o n s h i p  t o  t h e  F o r t  E l l i s  s u r f a c e  i s  s i g n i f i c a n t  i n  t h e  Cenoao ic  

h i s t o r y  o f  t h e  a r e a .  I t  c o n s i s t s  o f  Q u a t e r n a r y  d e b r i s  t h a t  a p p a r e n t l y  o v e r -  

l a p s  b u r i e d  T e r t i a r y  s t r a t a  and a p p e a r s  t o  s p i l l  ou t  o v e r  t h e  g e n t l y  n o r t h  

s l o p i n g  F o r t  E l l i s  s u r f a c e  be low.  W he ther  i t  was b u i l t  by c o n t i n u o u s l y  f l o w ­

in g  m a j o r  s t r e a m s , o r  i s  m a i n l y  t h e  r e s u l t  o f  s u r f a c e  c r e e p  a id e d  by g r a v i t y  

on t h e  s t e e p  s l o p e s  i s  u n c e r t a i n .  The w r i t e r  f a v o r s  d e p o s i t i o n  by m a jo r  

f l o w i n g  s t r e a m s  t o  a c c o u n t  f o r  t h e  g r e a t  volume o f  d e b r i s ,  b u t  no d r a i n a g e s
-X '. . •

o f  s i g n i f i c a n c e  a r e  now p r e s e n t  on t h e  f a n .  L im e s tone  Creek  may have been 

one o f  t h e  i m p o r t a n t  d r a i n a g e s  t h a t  once c o n t r i b u t e d  t o  t h e  a g g r a d a t i o n  o f  

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

m oun ta in  f r o n t  a t  some s t a g e  o f  f a n  d e v e lo p m e n t ,  as  i s  t h e  c a se  w i th  many . 

s t r e a m s  c o n t r i b u t i n g  t o  f an  a g g r a d a t i o n  ( J o h n s o n ,  1932 ) .  A f t e r  i t s  w e s t ­

ward d i v e r s i o n ,  p a r a l l e l  t o  t h e  m o un ta in  f r o n t ,  i t  became e n t r e n c h e d  and i s  

now a t r i b u t a r y  t o  Sourdough  Creek  on t h e  Bozeman f a n .

The o r i g i n  o f  t h e  Mt.  E l l i s  f a n  r e m a in s  an u n s o lve d  p rob lem  in  t h e  

mind o f  t h e  w r i t e r  and a l a c k  o f  good e x p o s u r e s  t h a t  would d i s c l o s e  i t s  

t r u e  r e l a t i o n s h i p  t o  t h e  F o r t  E l l i s  s u r f a c e  r e s t r i c t s  hope o f  any s o l u t i o n  

i n  t h e  n e a r  f u t u r e .



F i g u r e  I .  A n o r th w a r d  v iew o f  T h e s i s  a r e a  from th e  G a l l a t i n  Range.  P a r t  
o f  t h e  Mt. E l l i s  f a n  i s  v i s i b l e  a t  r i g h t  c e n t e r .

F i g u r e  2.  T e r t i a r y  beds  o f  Beacon H i l l  s u b a r e a — showing t h e i r  g e n t l e  e a s t ­
ward d i p .
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P r e s e n t  m a j o r  d r a i n ages  o f  t h e  a r e a : Sourdough Creek  i s  now e n t r e n c h e d

a lo n g  t h e  e a s t  m arg in  o f  t h e  Bozeman f a n .  I n  c o n j u n c t i o n  w i th  Middle  C reek ,  

i t  a p p e a r s  t o  be t h e  m a jo r  d r a i n a g e  r e s p o n s i b l e  f o r  t h e  c u t  and f i l l  r e ­

l a t i o n s h i p s  r e s u l t i n g  i n  dev e lo p m en t  o f  t h e  f a n .  Changes i n  sed im en t  - t o -  

r u n o f f - w a t e r  r a t i o s  d u r i n g  P l e i s t o c e n e  and R e c e n t  t im e  were p r o b a b l y  t h e  

f a c t o r s  t h a t  gove rned  t h e  c u t  o r  f i l l  c o n d i t i o n s  o f  t h e  s t r e a m .  F l u c ­

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

The r o l e  o f  Rocky C re e k ,  Bear  C re e k ,  and B r i d g e r  C re e k  in  i n f I u e n -  

c in q  p r e s e n t  b a s i n  t o p o g ra p h y  p r e s e n t s  i n t e r e s t i n g  p o s s i b i l i t i e s ,  The 

Beacon H i l l  s u b a r e a ,  as  m en t io n e d  e a r l i e r ,  a p p e a r s  t o  be i s o l a t e d  by e r o ­

s i o n  from t h e  F o r t  E l l i s  s u r f a c e  and t h e  s u r f a c e  n o r t h  o f  B r i d g e r  C reek .

At t h e  t im e  o f  d e v e lo p m en t  o f  t h e  Beacon H i l l  s u r f a c e s  which s lo p e  n o r th w a r d  

and n o r t h w e s t w a r d ,  Rocky Creek  may have been de v e lo p in g ,  i n t o  one o f  t h e  m a j o r  

d r a i n a g e s  o f  t h e  a r e a .  Bear  C re e k ,  o r  an a n c i e n t  r e l a t e d  d r a i n a g e  was p r o b ­

a b l y  a l s o  a c t i v e  a t  t h e  t i m e .  Rocky C re e k ,  by s u p e r p o s i t i o n  o r  e x t e n s i v e  

headword e r o s i o n ,  c u t  Rocky Canyon th r o u g h  t h e  C h e s t n u t  M ounta in  a n t i c l i n e .  

D ur ing  t h i s  more a c t i v e  d o w n c u t t i n g  s t a g e  i t  e n t r e n c h e d  i t s e l f  a lo ng  t h e  

p r e s e n t  c o u r s e  j u s t  w e s t  o f  t h e  mouth o f  Rocky Canyon and i s o l a t e d  t h e  

Beacon H i l l  s u b a r e a  from t h e  F o r t  E l l i s  s u b a r e a .

B r i d g e r  Creek  t o  t h e  n o r t h  may a l s o  have been c o n c u r r e n t l y  i s o l a t i n g  

t h e  Beacon H i l l  s u b a r e a  from t h e  s u r f a c e s  n o r t h  o f  t h e  c r e e k .  Th i s  r e ­

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

them from d e p o s i t i o n  o f  abunda n t  f r a g m e n t s  o f  Precambrian- ,  P a l e o z o i c ,  and 

M esozo ic  r o c k  t h a t  com pr i se  t h e  younge r  Q u a t e r n a r y  g r a v e l s  i n  t h e  r e m a in d e r  

o f  t h e  map a r e a .
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Summary o f  ^ e o m o r p h ic  c o n c l u s i o n s ; M ajo r  p l a n a r  s u r f a c e s  i n  t h e  s o u t h e r n  

p a r t  o f  t h e  G a l l a t i n  V a l l e y  a p p e a r  t o  have been g rad e d  from t h e  n e i g h b o r i n g  

m o u n ta in  f r o n t s  t o  some l e v e l  i n  t h e  b a s i n .  The u l t i m a t e  l i m i t i n g  f a c t o r  

i n  . . l o c a t i o n  o f  p r e v i o u s  base  l e v e l s  was t h e  s t a t u s  o f  d e v e lopm en t  o f  a d r a i n ­

age o u t l e t  f rom t h e  b a s i n .  The r o c k  b a r r i e r  t h ro u g h  which t h e  G a l l a t i n  

R i v e r  f low s  a t  Logan,  a t  t h e  n o r t h  s i d e  o f  G a l l a t i n  V a l l e y ,  was p r o b a b l y  

i n f l u e n t i a l  d u r i n g  t h e  l a t t e r  p a r t  o f  t h e  b a s i n * s h i s t o r y  and may have been 

t h e  c o n t r o l l i n g  f a c t o r  o f  s u r f a c e  d e v e lopm en t  in  t h e  s o u t h e a s t  c o r n e r  o f  

t h e  v a l l e y .  r

S u r f a c e s ,  b e l i e v e d  t o  be t h e  o l d e s t  ped im en t  r em n a n t s  have r e l a t i v e l y  

s t e e p  n o r t h - n o r t h w e s t  s l o p e s  and a p p e a r  g rad e d  from a h i g h  b a s i n  r im t o  a 

•base l e v e l  i n  t h e  v a l l e y  t h a t  was probablymmuch h i g h e r  a t  t h e  t im e  t h e  s u r ­

f a c e s  were d e v e lo p e d  t h a n  i s  t h e  p r e s e n t  b a se  l e v e l .

L a t e r  pe d im e n te d  s u r f a c e s  a lo n g  t h e  so u th  m arg in  o f  t h e  a r e a  a r e  more 

g e n t l y  n o r th w a r d  s l o p i n g  and may have been e s s e n t i a l l y  g r a d e d  t o  t h e  b a s i n  

m a s t e r  s t r e a m s  and u l t i m a t e l y  t o  t h e  b a s i n  e x i t .

E v id e n c e  o f  s e v e r a l  s t a g e s  o f  a g g r a d a t i o n  and d e g r a d a t i o n  i s  p r e s e n t  

on the.Bozeman  f a n .  Well  d a t a  qn- t h e  map i n d i c a t e s  Q u a t e r n a r y  f i l l  g r a d u - r  

a l l y  t h i n s  n o r th w a r d  away from th e  m oun ta in  f r o n t .  T h i s  i s  s u g g e s t i v e  o f  a 

s t r u c t u r a l  t r a p  c aused  by t i l t i n g  o f  t h e  b a s i n  toward t h e  m oun ta in  f r o n t .

E v id e n c e  s u g g e s t s  t h e  E o r t  E l l i s  p e d im e n t  may once have  been t o t a l l y  

c o v e re d  by Q u a t e r n a r y  g r a v e l s  and l a t e r  exhumed.

Major  d r a i n a g e s  a p p e a r  t o  be e s s e n t i a l l y  a t  g r a d e  b u t  t h e  p o s s i b i l i t y  

e x i s t s  t h e y  may n o t  be s i n c e  a g r i c u l t u r a l  de ve lopm en t  o f  t h e  v a l l e y  r e s u l t e d  

i n  much i n t e r f e r e n c e  w i t h  t h e  normal  d r a i n a g e  s y s te m s ,  and t h e i r  t r u e  s t a t e  

o f  d e v e lopm en t  i s  t h u s  f u r t h e r  o b s c u r e d .
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GENERAL SUMMARY OF CONCLUSIONS AND GEOLOGIC SEQUENCE OF EVENTS

1. P r e l i m i n a r y  s t r u c t u r a l  c o n d i t FopeQ- and s e t  t h e  s t a g e  f o r  i n -

i t i a t i o n  o f  t h e  e v o l u t i p n  o f  t h e  b a s i n .  These  d e v e lo p m e n t s  were p r im a ry
\  ^ __-

i l y  p ro d u ce d  by Laram ide- ^ o m p r e s s i v e  f o r c e s  t h a t  began d u r i n g  L a te  

C re ta c e ous ,  t im e  and c o n t i n u e d  i n t o  t h e  e a r l y  T e r t i a r y .  A p p a r e n t l y  s e v ­

e r a l  d i r e c t i o n s  o f  r e l i e f  r e s u l t e d  i n  complex ly  f o l d e d  and f a u l t e d  

A r c h e a n , P a l e o z o i c ,  and M esozo ic  r o c k s . Vulcan is in 'became p ro m in e n t  

e a r l y  i n  t h e  Laram id e  and c o n t i n u e d  s p o r a d i c a l l y  i n t o  t h e  Cenozo ic  E r a  

p r a c t i c a l l y  t o  R e c e n t  t i m e .  Many o f  t h e  r o c k s  t h a t  make up th e  b a s i n  

d e p o s i t s  were d e r i v e d  from t h e s e  i g n e o u s  p r o d u c t s .

2 . T e n s i o n a l  s t r e s s e s  were a c t i v a t e d  t h a t  may have marked r e l a x a t i o n  o f  

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

and c o l l a p s e  o f  v a r i o u s  p a r t s  o f  t h e  r e g i o n , a n d  p r o b a b l y  marked1 t h e  ■ 

m a jo r  s t r u c t u r a l  d e v e lopm en t  o f  t h e  b a s i n .  E r o s i o n  and d e p o s i t i o n  . 

were a c t i v e  p r o c e s s e s  d u r i n g  b o th  t h e  c o m p r e s s i o n a l  and t e n s i o n a l  

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

3 .  The t o p o g r a p h i c  d e p r e s s i o n  c r e a t e d  as  t h e  b a s i n  sank s e r v e d  as  a t r a p  

f o r  m a t e r i a l  b e i n g  c a r r i e d  i n t o  t h e  b a s i n ;  t h e s e  s e d im e n t s  c o n s i s t e d  o f  

p y r o c l a s t i c  d e b r i s  t h a t  was b e i n g  e r u p t e d  i n  t h e  r e g i o n  and ro ck  f r a g m e n t s  

t h a t  were e ro d e d  from n e i g h b o r i n g  h i g h l a n d s .  The e r o s i o n a l  p r o d u c t s  d e p o s ­

i t e d  i n  t h e  s o u t h e a s t e r n  p a r t  o f  t h e  b a s i n  c o n s i s t  m a i n l y  o f  ign eo u s  m a t ­

e r i a l ,  r e s i s t a n t  s e d i m e n t a r y  and m etam orph ic  r o c k s ,  and l o c a l l y ,  l e s s  

r e s i s t a n t  g r ayw ackes  o f  t h e  L i v i n g s t o n  F o r m a t io n .  The s i z e  o f  t h e  c o a r s e  

d e t r i t u s  i n d i c a t e s  d e p o s i t i o n  by com pe ten t  s t r e a m s  and t h e  g e n e r a l l y  ; 

r e s i s t a n t  n a t u r e  and r o u n d in g  o f  t h e  d e t r i t u s  i n d i c a t e s  a long t r a n s p o r t



d i s t a n c e .  The s o f t e r ,  more a n g u l a r  L i v i n g s t o n  f r a g m e n t s  were a p p a r ­

e n t l y  b e i n g  d e r i v e d  from a r e a s  much n e a r e r  t h e  b a s i n  p r o p e r  than  th e  

more r e s i s t a n t  c o n s t i t u e n t s .  P e r i o d i c  c l o g g i n g  o f  t h e  s t r e a m s  w i th  

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

q u a n t i t i e s  o f  f i n e - g r a i n e d  s e d im e n t s  d e p o s i t e d  i n  the  b a s i n .  The 

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

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

D e p o s i t s  o f  n e a r l y  p u r e  v o l c a n i c  ash  a r e  a l s o  i n t e r b e d d e d  w i th  t h e  

T e r t i a r y  s t r a t a .  These  d e p o s i t s  p r o b a b l y  o r i g i n a t e d  by g r a v i t y  s e t ­

t l i n g  from t h e  a tm o s p h e re ,  s t r e a m  a g g r a d a t i o n ,  and e o l i a n  p r o c e s s e s .  

The age o f  t h e s e  T e r t i a r y  d e p o s i t s  a s  i n d i c a t e d  by s t r a t i g r a p h i c  and 

p a l e o n t o l o g i c  e v i d e n c e  i s  l a t e  Miocene and p o s s i b l y  e a r l y  P l i o c e n e .  

R e c u r r e n t  movement a l o n g ^ f a u l t s  b o r d e r i n g  t h e  s o u t h e a s t  p a r t  o f  t h e  

b a s i n  a p p a r e n t l y  caused  t h e  T e r t i a r y  s t r a t a  t o  be t i l t e d  toward t h e  

m o u n ta in s  t h a t  form t h e  b a s i n  r im .  T h i s  l a t e r  f a u l t i n g  p r o b a b l y  o c ­

c u r r e d  v e r y  l a t e  i n  T e r t i a r y  t im e  ( p o s t  l a t e - M i o c e n e )  o r  e a r l y  in  t h e  

P l e i s t o c e n e  s i n c e  t h e  T e r t i a r y  s t r a t a  a r e  a f f e c t e d  b u t  t h e  l a t e  

Q u a t e r n a r y  d e p o s i t s  a r e  n o t .

F o l l o w i n g  was a p e r i o d  o f  p e d i m e n t a t i o n  o f  T e r t i a r y  d u r i n g  which th e  

s u r facesx .w ere  g r a d e d  from t h e  a d j a c e n t  m o u n t a i n ! ' f r o n t s  t o  a base  l e v e l  

c o n t r o l l e d  by b a s i n  d r a i n a g e  e x i t s  a n d / o r  m a s t e r  s t r e a m  d r a i n a g e  in  t h e  

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

more m ino r  f a u l t i n g  o c c u r r e d  t h a t  may have r e s u l t e d  from d i f f e r e n t i a l  

s e t t l i n g  o f  t h e  b a s i n  d e p o s i t s ;  p o s s i b l y  i t  was c o n t r o l l e d  by deep 

s e a t e d  f a u l t i n g  i n  t h e  b a s i n  f l o o r .
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6 . P l e i s t o c e n e  t im e  was c h a r a c t e r i z e d  by c y c l e s  o f  s t r e a m  a g g r a d a t i o n  and 

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

d i t i o n s  o f  t h e  t i m e .  Many o f  t h e  ped im e n te d  s u r f a c e s  p r e s e n t  i n  t h e  

v a l l e y  t o d a y  may have been formed o r  m o d i f i e d  d u r i n g  t h i s  t im e .

7.  C o n t i n u i n g  i n f l u e n c e  o f  s t r e a m  a c t i o n  d u r i n g  l a t e  P l e i s t o c e n e  and R e c e n t  

t im e  i s  e v i d e n t  i n  t h e  d e v e lopm en t  o f  p r e s e n t  f l o o d p l a i n s  and t h e  d i s ­

s e c t i o n  o f  p r e v i o u s l y  pe d im e n te d  s u r f a c e s .  No e v i d e n c e  o f  m a jo r  s t r u c ­

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

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

f a u l t i n g  i n  t h e  Hebgen Lake a r e a ,  c o n t i n u e s  e l s e w h e r e  i n  t h e  r e g i o n .

SUGGESTIONS FOR FUTURE INVESTIGATIONS 

The p a u c i t y  o f  good e x p o s u r e s  i n  t h i s  p a r t  o f  t h e  b a s i n  s e r i o u s l y  

l i m i t s  t h e  amount o f  s p e c i f i c  c o n c l u s i o n s  t h a t  can be d e r i v e d  by s t a n d a r d  

s u r f a c e  g e o l o g i c  m e th o d s .  However,  many c l u e s  t o  b a s i n  h i s t o r y  may p o s ­

s i b l y  be r e v e a l e d  by e x t e n s i v e  i n v e s t i g a t i o n  o f  t h e  b o r d e r i n g  m ou n ta in s  t o  

t h e  e a s t  and s o u t h .  Many geom orph ic ,  s t r a t i g r a p h i c ,  s t r u c t u r a l , and g e n e r a l  

g e o l o g i c  p rob le m s  may be s o lv e d  by c r i t i c a l  i n v e s t i g a t i o n  o f  t h e s e ■a d j a c e n t  

m oun ta in  r a n g e s  and t h e  r e m a in d e r  o f  t h e  V a l l e y .

S u b s u r f a c e  i n f o r m a t i o n  from t h i s  p o r t i o n  o f  t h e  v a l l e y  i s  d e f i c i e n t : . .  

Well  l o g s  c om pi led  by t h e  U .S .  G e o l o g i c a l  Su rvey  ( H a c k e t t  and o t h e r s  ̂ 1960) 

a r e  u s e f u l  b u t  i n  no i n s t a n c e  were w e l l s  d r i l l e d  deep  enough t o  p e n e t r a t e  

b e d r o c k  be low t h e  l e v e l  b f  b a s i n  d e p o s i t s .  S e v e r a l  t e s t  h o l e s  d r i l l e d  

t h r o u g h  b a s i n  s e d i m e n t s  a lo n g  t h e  m o u n ta in  f r o n t  and a few d r i l l e d  in  t h e  

c e n t r a l  p a r t  o f  t h e  b a s i n  would p r o v i d e  i n v a l u a b l e  i n f o r m a t i o n  on thd
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m e c h a n ic s  o f  b a s i n  e v o l u t i o n  and t r u e  d e p t h  o f  t h e  f i l l .  S e i s m i c  s t u d i e s  

may a l s o  y i e l d  i n f o r m a t i o n  on t h e  shape o f  t h e  b a s i n  f l o o r  and s t r u c t u r e  

o f  t h e  u n d e r l y i n g  b e d ro c k .

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

and c o n g l o m e r a t e s  a r e  v e r y  d i s t i n c t i v e  ro ck  t y p e s  and c a r e f u l  o b s e r v a t i o n  

o f  i g n e o u s  b e d ro c k  in  t h e  s u r r o u n d i n g  r e g i o n ,  e s p e c i a l l y  t o  t h e  f a s t ,  

s o u t h e a s t ,  s o u t h ,  and s o u t h w e s t ,  m ig h t  more a c c u r a t e l y  d i s c l o s e  so u rc e  

a r e a s  o f  t h e  m a t e r i a l s  making up t h e  T e r t i a r y  s e d i m e n t s .  Many of  t h e  

i g n e o u s  c o n s t i t u e n t s  o f  t h e  g r a v e l s  arze t y p i c a l  r o c k s  o f  t h e  r e g i o n .  Many 

cou ld  have  o r i g i n a t e d  i n  s e v e r a l  l o c a l i t i e s  a round t h e  b a s i n .  However, 

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

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

i n  t h e  r e g i o n  m ig h t  d i s c l o s e  t h e  s o u r c e  a r e a s  f o r  some o f  t h e  r ocks  com­

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

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

t i o n  on t h e  b a s i n ’ s d e p o s i t i o n a l  h i s t o r y .
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Appendix  A

Measured s t r a t i g r a p h i c  s e c t i o n  i n  t h e  Beacon H i l l  s u b a r e a

The d e s c r i b e d  measured  s e c t i o n  c o n s i s t s  o f  a c o m p o s i t e  s e c t i o n  r e s u l t i n g  

from a s t r a t i g r a p h i c  s t r i p - l o g  and v i s u a l  f i e l d  m a tc h in g  o f  s i x  p a r t i a l : m e a ­

s u re d  s e c t i o n s  ( P l a t e  I ) .

Measurement  o f  t h e  p a r t i a l  s e c t i o n s  was a c co m p l i s h e d  u s i n g  a home made 

J a c o b ’ s s t a f f .  A g e n e r a l  n o r t h - s o u t h  s t r i k e  and an a v e r a g e  f i v e  d e g r e e  e a s t  

d i p  were assumed.  The r e s u l t i n g  t o t a l  m easured  t h i c k n e s s  (2 ,0 1 6  f t . ) , ob­

t a i n e d  a f t e r  m a t c h in g  t h e  sjix p a r t i a l  s e c t i o n s ,  i s  c o n s i d e r a b l y  g r e a t e r  t h a n  

a c a l c u l a t e d  t h i c k n e s s  ( 1 , 4 6 0  f t . )  u s in g  d i p  o f  s t r a t a ,  map d i s t a n c e ,  and 

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

t h e  r e s u l t  o f  a t t e m p t i n g  to  t r a c e ,  beds  o f  l a t e r a l l y  v a r y i n g  t h i c k n e s s ,  and 

p e r h a p s  i n  p a r t  t o  m i s m a tc h in g  o f  t h e  com pos i te  s e c t i o n s .

N o te :  Top o f  s e c t i o n  removed by e r o s i o n .  Uppermost m easu red  beds a p p a r e n t l y
a b u t  a g a i n s t  t h e  B r i d g e r  C r e e k -B e a r  Canyon F a u l t .  Fo r  l o c a t i o n  o f  s e c t i o n  
s e e  map ( P l a t e  I ) .

IMJL ' D e s c r i p t i o n  T h i c k n e s s

C o v e r . . ............. . ........................... ............................................................... .......... . . . . .  3 1 5 ’

2.  G r a v e l ,  u n c o n s o l i d a t e d ;  composed m a in ly  o f  sub - ro u n d e d  t o  rounded
p e b b l e s  and c o b b le s  o f  v o l c a n i c  and p o r p h y r i t i c  i g n e o u s  r o c k ,  
q u a r t z i t e ,  and g raywacke s a n d s t o n e .  V e r t e b r a t e  j a w  bone f r a g m e n t s  
( sam ple  number 9 - 5 - 1 )  were e x t r a c t e d  from g r a v e l s  s i m i l a r  t o  t h i s ,  
and b e l i e v e d  t o  be t h e  same u n i t ,  t o  t h e  s ou th  ( s e e  P l a t e  I ) . . .  20 ’

3 .  C o v e r ------. . . . . . . . ......... ........................................................ ............................ ; ...........  250 ’
-

4 .  As.h, n o n - c a l c a r e o u s ,  g r a y ,  f i n e - t o  m e d iu h i - g r a in e d , v e r y  f r i a b l e ;  
w e l l  d e v e lo p e d  f e s t o o n  c r o s s - b e d d i n g .  Ash d e p o s i t  i s ' d i s c o n f o r m -  
a b l y  o v e r l a i n  by f l u v i a l  g r a v e l  d e p o s i t s  and f i n e - t o  medium­
g r a i n e d ,  p o o r l y  s i z e - s o r t e d  s a n d s t o n e s .  F o s s i l  bone f r a g m e n t s  
( sam ple  number 7 ' - 2 8 - i i e ) j:’found^ : rodse1 o n - s u r f  ace  rrO f r th e "  f l u v i a l  
d e p o s i t s 1 o v e r l y i n g  t h e  a s h . -riA'v e r t e b r a t e  t o o t h  ( s a m p l e . n u m b e r - 
10- 1- 1) was found  i n  p l a c e  i n  beds mapped as  a n o r th w a r d  expo-

. s u r e  o f  t h i s  u n i t  ( s e e  P l a t e  I). , 25’
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5„ QOVGreeeeoeeo. eeodeoeeooae.  J t e e e e o e o e e e e e e o e e e e ....................... .....  *

6 . L i m e s to n e ,  sandy ,  t u f f a c e o u s ,  v e r y  l i g h t  g r a y ,  v e r y  f i n e - t o  • 
c o a r s e - g r a i n e d ,  p o o r l y  s i z e - s o r t e d ,  p o o r l y  bedded ,  impermeab le .
G l a s s  Shards  a p p e a r  u n a l t e r e d  in  t h i n  s e c t i o n  and c o n s t i t u t e  
a p p r o x i m a t e l y  30% of  t h e  ro c k ;  v e r y  f i n e - g r a i n d d  c a l c i t e  cement 
c o n s t i t u t e s  a p p r o x i m a t e l y  65%; and t h e  r e m a in i n g  $% i s  composed 
o f  m i n e r a l  f r a g m e n t s  ( q u a r t z ,  f e l d s p a r ,  a m ph ibo le ,  b i o t i t e ,  mag­
n e t i t e ,  and h e m a t i t e )  and v e r y  f i n e - g r a i n e d  ig n e o u s  ro ck  f r a g m e n t s .  
The d e t r i t a l  f r a g m e n t s  a r e  s l i g h t l y  c o r r o d e d  by t h e  c a l c i t e  
c e m e n t ............ ............................................. ......................................................................... .. 30 ’

8 . C o v e r - a p p a a r s  t o  c o n s i s t  a t  l e a s t  i n  p a r t  o f  s a n d s t o n e , v e ry  
t u f f a c e o u s ,  n o n - c a l c a r e o u s ,  t a n ,  f i n e - t o  m e d iu m - g r a in e d ,  p o o r l y  
s i z e - s o r t e d ,  f r i a b l e ,  p e rm e a b l e .  G la s s  s h a r d s  c o n s t i t u t e  ap-  
p r o z i m a t e l y  80% o f  t h e  r o c k ,  d u s t  and v e r y  f i n e - g r a i n e d  m a t r i x  
a p p r o x i m a t e l y  10%, and t h e  r e m a in i n g  10% i s  composed o f  m i n e r a l  
f r a g m e n t s  ( q u a r t z ,  f e l d s p a r ,  a m ph ibo le ,  m a g n e t i t e ,  and h e m a t i t e )
and v e r y  f i n e - g r a i n e d  ig n e o u s  ro ck  f r a g m e n t s ................... ................. .. 68 *

9 .  S a n d s t o n e ,  v e r y  t u f f a c e o u s ,  n o n - c a l c a r e o u s , t a n ,  f i n e - t o  medium­
g r a i n e d ,  p o o r l y  s i z e - s o r t e d ,  p o o r l y  bedded ,  p e r m e a b l e ................. 2 *

10. C o v e r . ..................... .......................................... ....................................................................  3 0 ’

11 . C o n g lo m e r a te ,  c a l c a r e o u s ,  g r a y ;  composed m a in ly  o f  p e b b l e s  and 
c o b b le s  o f  a p h a n i t i c  v o l c a n i c  r o c k  and p o r p h y r i t i c  i g n e o u s  rock ,  
q u a r t z i t e ,  and graywacke  s a n d s t o n e .  Cong lom era te  i s  l e n s l i k e  i n  
form and d i s c o n f o r m a b l y  o v e r l i e s  a c o a r s e - g r a i n e d  c o n g l o m e r a t i c
s a n d s t o n e . .................... ............................................. ........................................................... 5 ’

12. C o v e r ................................. .................................................................. ...................................  8 7 ’

13. S a n d s t o n e ,  c a l c a r e o u s ,  g r a y ,  c o a r s e - g r a i n e d  t o  c o n g l o m e r a t i c ,  
p o o r l y  s i z e - s o r t e d ,  p o o r l y  bedded;  c o n t a i n s  f r a g m e n t s  o f  q u a r t z ,  
f e l d s p a r ,  a m ph ibo le ,  m a g n e t i t e ,  f i n e - g r a i n e d  b a s i c  i g n e o u s  rock
and q u a r t z i t e ...................... ............................................. .................................................. 5 ’

14. C o v e r ............... ........................................................................................ ................................. 2 3 ’

15. S a n d s t o n e ,  h i g h l y  t u f f a c e o u s ,  n o n - c a l c a r e o u s ,  t a n ,  f i n e - t o  medium- 
g r a i n e d ,  p o o r l y  s i z e - s o r t e d ,  p o o r l y  bedded ,  p e r m e a b l e .  Sand a l s o  
c o n t a i n s  a m ino r  amount o f  m i n e r a l  f r g aments  ( q u a r t z ,  f e l d s p a r ,  
a m p h i b o l e , m a g n e t i t e ,  and h e m a t i t e )  and f i n e - g r a i n e d  b a s i c  ign eo u s
ro ck  f r a g m e n t s . . . . . . . . .  j .............................................. ...............................................  20 ’

16.  C o v e r ................. ................................................. ..................................................................... 10 ’
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17.  C o n g l o m e r a t e , c a l c a r e o u s , g r a y .  Sub - ro u n d e d  t o  rounded  p e b b le s
and cobb | le s a r e  composed m a i n ly  o f  b a s i c  v o l c a n i c  and p o rp h y -  
r i t i c  i g n e o u s  r o c k ,  q u a r t z i t e ,  and graywacke s a n d s t o n e .................  IOe

18. Cong lom era te  o v e r l a i n  by a s a n d s t o n e  sequence  g r a d i n g  upward 
th r o u g h  t h e  g n i t  f rom n o n - c a l c a r e o u s  t o  h i g h l y  c a l c a r e o u s .  
C ong lom era te  i s  c a l c a r e o u s ,  g r a y ,  and composed o f  sub - ro u n d e d  
t o  rounded  p e b b l e s  and c o b b le s  o f  b a s i c  v o l c a n i c  and po rp h y -  
r i t i c  i g n e o u s  r o c k ,  q u a r t z i t e ,  and g rayw a cke o s a n d s t o n e .  The 
s a n d s t o n e s  a r e  f u f f a c e o u s  and a l s o  c o n t a i n  m i n e r a l  f r a g m e n t s  
( q u a r t z ,  f e l d s p a r ,  a m ph ibo le ,  m a g n e t i t e ,  and h e m a t i t e ) ,  t a n ,  
v a r y  from f i n e - t o  c o a r s e - g r a i n e d ,  p o o r l y  s i z e - s o r t e d ,  p o o r l y  
bedded .  G l a s s  s h a r d s  and o t h e r  d e t r i t u s  a r e  "only s l i g h t l y

- a l t e r e d ,  in  n o n - c a l c a r e o u s  zones  b u t  a r e  h i g h l y  c o r r o d e d  around
p a r t i c l e  b o r d e r s  by c a l c i t e  cement  where, i t  i s  p r e s e n t .................  8 5 '

19. C o n g lo m era te ,  c a l c a r e o u s ,  g r a y .  Sub - rqunde d  t o  rounded  p e b b le s
and c o b b le s  o f  t h e  c o n g lo m e ra t e  a r e  m a i n ly  composed o f  b a s i c  
v o l c a n i c  and p o r p h y r i t i c  i g n e o u s  r o c k ,  q u a r t z i t e ,  and graywacke 
s a n d s t o n e ................................................................. .. ............................................ 5 «

20 .  C o v e r - p r o b a b l y  same m a t e r i a l  as  u n i t  21 b e lo w ....................................... 20 '

21.  T u f f ,  c o n t a i n s  c o n c r e t i o n a r y  c a l c a r e o u s  z o n e s ,  t a n ,  mediumf-
g r a i n e d , p o o r l y  s i z e - s o r t e d  c o n t a i n i n g  some p e b b l e s ,  p o o r l y  
bedded .  P e b b l e s  a r e  v o l c a n i c  ig n e o u s  rock  f r a g m e n t s .  T u f f  
a l s o  i n c l u d e s  sand g r a i n s  o f  v a r i o u s  m i n e r a l s  ( q u a r t z ,  f e l d ­
s p a r ,  am p h ib o le ,  and i r o n  o x i d e ) ...................................................................... 37 *

22.  T u f f ,  n o n - c a l c a r e o u s ,  g r a y ,  m ed iu m -g ra in e d ,  p o o r l y  s i z e - s o r t e d ,
c o n t a i n i n g  some p e b b l e s ,  p o o r l y . b e d d e d .  The p e b b l e s  a r e  v o l c a n i c  
ig n eo u s  r o ck  f r a g m e n t s  ............................................. .. 3*

23.  S a n d s t o n e ,  t u f f a c e o u s ,  f i n e - t o  m ed iu m -g ra in e d ,  c o n t a i n s  c a l c a r ­
eous  c o n c r e t i o n s  i n t e r m i t t e n t l y  i n t e r b e d d e d  w i th  c o n g lo m e ra t e  
l e n s e s .  Cong lom era te  i s  c a l c a r e o u s  and composed o f  sub - rounded  
t o  rounded  p e b b l e s  and c o b b le s  o f  b a s i c  v o l c a n i c  and p o r p h y r i t i c
ig n e o u s  r o c k ,  q u a r t z i t e ,  and g raywacke  s a n d s t o n e . . . . . . . . . ___ _ . 20 '

24 .  C o v e r— p r o b a b l y  s i l t y ,  t u f f a c e o u s  s a n d s t o n e . ' ................. 2 0 '

25 .  C o n g lo m e r a te ,  c a l c a r e o u s ,  g r a y ,  p o o r l y  e x p o s e d .  Sub - rounde d  to  
rounded  p e b b l e s  and c o b b l e s  a r e  m a i n l y  composed o f  b a s i c  v o l c a n i c  
and p o r p h y r i t i c  i g n e o u s  r o c k ,  q u a r t z i t e ,  and g raywacke  sand ­
s t o n e ............ .......................................... . . . . . . . . . . ____ . . . . . . . . . . . . . . . . . . .  4 5 '

26 .  C o v e r . ................................ .......................................... .......................................... ........... .... z 24%'
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27.  S a n d s t o n e ,  c o n t a i n s  m i n e r a l  f r a g m e n t s  ( q u a r t z ,  f e l d s p a r ,  amph-
b o l e ,  and m a g n e t i t e )  and f r a g m e n t s  o f  f i n e - g r a i n e d ,  b a s i c  
i g n e o u s  r o c k ;  t u f f a c e o u s ,  y o n - c a l c a r e o u s ,  t a n ,  f i n e - t o  medium­
g r a i n e d ,  p o o r l y  s i z e - s o r t e d ,  p o o r l y  bedded ,  p e r m e a b l e ...................  15 '

28 .  C o n g lo m e r a te ,  c a l c a r e o u s ,  g r a y .  C o n t a i n s  sub - ro u n d e d  t o  rounded
p e b b l e s  and c o b b l e s  t h a t  a r e  m a i n l y  composed o f  b a s i c  v o l c a n i c  
and p o r p h y r i t i c  i g n e o u s  r o c k ,  q u a r t z i t e ,  and graywacfce s a n d s t o n e .  
I n t e r b e d d e d  w i t h  ̂ s a n d s t o n e ' c a l c a r e o u s ,  g r a y ,  composed o f  q u a r t z ,  
f e l d s p a r ,  m a g n e t i t e ,  am ph ibo le ,  and f r a g m e n t s  o f  b a s i c ,  f i n e ­
g r a i n e d  ig n e o u s  r o c k ,  c o a r s e - g r a i n e d ......................................... 7 2 ’

2 9 .  - Ash,  p u r e ,  w h i t e  (one  f o o t  t h i c k )  u n d e r l a i n  by f i n e - g r a i n e d
s a n d s t o n e  . ( a b o u t  two f e e t  exposed  and bot tom c o n t a c t  n o t  v i s ­
i b l e ) .  Ash i s  o v e r l a i n  by a s i m i l a r  s a n d s t o n e  ( a b o u t  f i v e  f e e t  
t h i c k )  t h a t  i s  d i s c o h f o r m a b l y  o v e r l a i n  by u n i t  2 8 . . . i . . ..............

30 .  C o v e r ...................................................................................................

31.  C o n g lo m e r a te ,  c a l c a r e o u s ,  g r a y ;  composed o f  sUb-rounded to
rounded c o b b l e s  t h a t  a r e  m a i n ly  composed o f  v o l c a n i c  and p o r ­
p h y r i t i c  i g n e o u s  r o c k ,  q u a r t z i t e ,  and many f r a g m e n t s  o f  g r a y -  
"Wacke s a n d s t o n e  o f  a n g u l a r  shape  t h a t  a r e  n o t i c a b l y  l a r g e r  in  
s i z e  t h a n  t h e  i g n e o u s  and q u a r t z i t i c  ro ck  f r a g m e n t s .  I n t e r -  
bedded w i t h  s a n d s t o n e ,  t u f f a c e o u s ,  s l i g h t l y  c a l c a r e o u s  i n  i s o ­
l a t e d  z o n e s ,  v e r y  f i n e - t o  f i n e - g r a i n e d ,  p o o r l y  s i z e - s o r t e d ,  
p o o r l y  be d d e d ,  im perm eab le .  C o n t a i n s  many f r a g m e n t s  o f  min ­
e r a l s  ( q u a r t z ,  f e l d s p a r ,  am ph ibo le ,  m a g n e t i t e ,  and h e m a t i t e ) ,  
and f r a g m e n t s  o f  v e r y  f i n e - g r a i n e d ,  b a s i c  i g n e o u s  r o c k .................

3 2 .  C o v e r ................................................ ............................................... ..

33 .  S a n d s t o n e ,  i d e n t i c a l  t o  t h a t  d e s c r i b e d  i n  U n i t  35 e x c e p t  t h a t
t h i s  u n i t  i s  cemented w i t h  c a l c i t e  i n r p l a c e s ................. ................ ..

3 4 .  C o n g lo m e r a te ,  c a l c a r e o u s ,  g r a y ;  r e s t  d i s c o n f o r m a b l y  on s a n d ­
s t o n e  o f  u n i t  35;  i n t e r f i n g e r s  l a t e r a l l y  w i th  l e n s e s  o f  sand 
and s i l t .  S u b - ro u n d e d  t o  rounded  p e b b l e s  and c o b b l e s  a r e  m a in ly  
composed o f  b a s i c  v o l c a n i c  and p o r p h y r i t i c  i g n e o u s  r o c k ,  q u a r t z ­
i t e ,  and graywacfce s a n d s t o n e . . ................................................................... .. 15»

35 .  S a n d s t o n e ,  t u f f a c e o u s ,  n o n - c a l c a r e o u s ,  t a n ,  v e r y  f i n e - t o  f i n e ­
g r a i n e d ,  p o o r l y  s i z e - s o r t e d ,  p o o r l y  bedded,  p e r m e a b l e .  D e v i t r i - .  
f i c a t i o n  and a l t e r a t i o n  o f  t h e  g l a s s  share}s a p p e a r s  t o  be more 
e x t e n s i v e  i n  t h i s  u n i t  t h a n  i n  o t h e r  comparab le  u n i t s .  G la s s  
s h a r d s  compose t h e  m a j o r i t y  o f  t h e  d e t r i t a l  p a r t i c l e s  (65%) but  
m i n e r a l  f r a g m e n t s  a r e  a l s o  p r e s e n t  ( q u a r t z ,  f e l d s p a r ,  amphibo le ,  
m a g n e t i t e ,  and h e m a t i t e )  and f i n e - g r a i n e d  i g n e o u s  r o c k  f ra g h ieh t s  x 
as  w e l l  as  e x t r e m e l y  f i n e - g r a i n e d  c l a y  and d u s t  m a t r i x  ( 20% ) . . .  4 ’

8 ’

22%’

55 ’

9 4 ’

15’
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36 .  C o v e r ......................
...................................................................................................................................................................................................... .... .......................  21 '

37 .  C o n g lo m era te ,  c a l c a r e o u s ,  g r a y .  Sub - rounded  t o  rounded  p e b b le s
and c o b b l e s  a r e  m a i n l y  composed o f  B a s i c  v o l c a n i c  arid po rphy -  
r i t i c  i g n e o u s  r o c k ,  q u a r t z i t e ,  and graywacke  s a n d s t o n e .................

38 .  Cover  p r o b a b l y  v e r y  f i n e - g r a i n e d  s a n d s t o n e  o r  s i l t p t o n e ............  18*

3 9 . .  C o n g lo m e ra te ,  c a l c a r e o u s ,  g r a y .  Sub- rounded ,  t o  rounded  p e b b le s  
and c o b b le s  a r e  m a i n ly  composed o f  b a s i c  v o l c a n i c  and p o r p h y r i -  
t ' i c  i g n e o u s  r o c k ,  q u a r t z i t e ,  and graywacke  s a n d s t o n e ........................  12’

40 ;  S i l t s t o n e ,  t u f f a c e o u s ,  h i g h l y  c a lG S re o u s ,  v e r y . l i g h t  g r a y ,  p o o r ­
l y  s i z e - s o r t e d  and c o n t a i n i n g  f r a g m e n t s  r a n g i n g  down to  v e ry  f i n e r  
g r a i n e d  sand s i z e  w i t h  a few c o a r s e - g r a i n e d  f r a g m e n t s ,  p o o r l y  
bedded ,  im p e rm e a b le .  G la s s  s h a r d s  and o t h e r  d e t r i t u s  ( q u a r t z  
f e l d s p a r ,  a m p h ib o le ,  m a g n e t i t e ,  h e m a t i t e ,  and f i n e - g r a i n e d  i g ­
neous  ro ck  f r a g m e n t s )  a r e  c o r r o d e d  a round  t h e i r  b o r d e r s  by the  
q a l c i t e  cement .  The d e t r i t a l  f r a g m e n t s  a r e  s e p a r a t e d  by th e  
c a l c i f e  c e m e n t . ........................................................................ I 25«

41 • ^ o v e r ........................ ......................................................................................................... ....  2 9 ’

4 2 .  S a n d s t o n e ,  t u f f a c e o u s ,  n o n - c a l c a r e o u s , g r a y i s h  t a n ,  v e r y  f i n e - 
t o  f i n e - g r a i n e d  b u t  a l s o  c o n t a i n s  some m ed ium -g ra ine d  p a r t i c l e s  
p o o r l y  bedddd,  e x h i b i t s  good p e r m e a b i l i t y .  The g l a s s  Miards  
have s i i g h t i y  a l t e r e d  b o r d e r s ,  p r o b a b l y  s l i g h t  s e r i c i t i z a t i o n ,  
and d i s p l a y . a  wide v a r i e t y  o f  s h a p es  i n  t h i n  s e c t i o n  v a r y i n g  .
f rom s t r a i g h t  n e e d l e s  t o  i n t r i c a t e l y  cusped  f o r m s . . ...................... .. 128

4 3 .  S i l t s t o n e ,  n o n - c a l c a r e o u s ,  t u f f a c e o u s , ^ y e l l o w i s h  t a n ,  e x h i b i t s  
s u b t l e ,  l o c a l  b e d d in g  i n  m ic r o s c o p e  t h i n  s e c t i o n  as  l o c a l l i z e d  
s w i r l s  t h a t  may be t h e  r e s u l t  o f  d e p o s i t i o n a l  eddy c u r r e n t s .
Very s l i g h t  a l t e r a t i o n  o f  t h e  g l a s s  s h a r d s  b o r d e r s  i s  i n t e r p r e t e d  
as  s l i g h t  s e r i c i t i z a t i o n .  O t h e r  d e t r i t a l  c o n s t i t u e n t s  a r e  q u a r t z ,  
f e l d s p a r s ,  a m ph ibo le ,  m a g n e t i t e ,  and i r o n  o x i d e s .  A p p r o x i m a t e ■ 
c om pos i t ion ,  o f  t h e  s i l t s o n e :  g l a s s  s t i a rd s ,  70%; o t h e r  d e t r i t a l
p a r t i c l e s ,  10%; and c l a y  s i z e  m a t r i x ,  20% . . . . . . . . . . . . . . . . . . . . .  15’

4 4 .  C o v e r .................................. .............................. 10«
*

4 5 .  C o n g lo m e r a te ,  c a l c a r e o u s ,  sandy,  g r a y ;  sub - rounde d  t o  rounded
c o b b le s  and p e b b l e s  a r e  m a i n ly  composed o f  b a s i c  v o l c a n i c  and 
p o r p h y r i t i c  i g n e o u s  r o c k ,  q u a r t z i t e ,  and g rayw acke ;  s a n d s t o n e . .  5 ’

4 6 .  C ove r—may c o n s i s t  o f  s a n d s t o n e  d e s c r i b e d  i n  u n i t  b e l o w .......... .. 75’

4 7 .  S a n d s t o n e ,  i n t e r m i t t e n t l y  c a l c a r e o u s ,  l i g h t  brown,  v e r y  f i n e -
t o  f i n e - g r a i n e d ,  p o o r l y  s i z e - s o r t e d ,  p o o r l y  bedded;  u ppe r  and ' 
l ower  c o n t a c t s  n o t  v i s i b l e . ......................................... .. 10’
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4 8 .  C o n g lo m e r a te ,  c a l c a r e o u s ,  g r a y ;  c o n t a i n s  s u b - ro u n d e d  t o  
rounded p e b b l e s  o f  b a s i c  v o l c a n i c  and p o r p h y r i t i c  i g n e o u s  
r o c k ,  q u a r t z i t e  and graywacke  s a n d s t o n e .  I n t e r b e d d e d  w i th  
u n c o n s o l i d a t e d  sand and g r a v e l  t h a t  c o n s i s t  o f  q u a r t z ,  mi c r o ­
c l i n e ,  p l a g i o c l a s e , am ph ibo le ,  m a g n e t i t e , and f i n e - g r a i n e d ,
b a s i c  i g n e o u s  r o c k  f r a g m e n t s ...................................................................... [ 15*

4 9 .  C o v e r . . . ........................................................................................................................

50 .  S a n d s t o n e ,  c a l c a r e o u s ,  l i g h t  brown, c o a r s e - g r a i n e d ,  sub angu­
l a r  g r a i n s ,  p o o r l y  bedded;  d e t r i t a l  p a r t i c l e s  a r e  composed of  
q u a r t z ,  m i c r o c l i n e ,  p l a g i o c l a s e ,  a m ph ibo le ,  m a g n e t i t e ,  and ve ry  
f i n e - g r a i n e d ,  b a s i c  i g n e o u s  r o c k  f r a g m e n t s .............................................. 5 *

51 .  C o n g lo m e r a te ,  c a l c a r e o u s ,  g r a y ,  p a r t i c l e  s i z e  v a r i e s  f rom f i n e ­
g r a i n e d  sand t o  f o u r  i n c h  c o b b l e s ;  u n i t  c o n t a i n s  i r i t e r b e d d e d  
sand l e n s e s .  Sqb - rounde d  t o  rounded  c o b b le s  and p e b b l e s  a r e  
m a i n ly  composed o f  b a s i c  v o l c a n i c  and p o r p h y r i t i c  i g n e o u s  r o c k ,  
q u a r t z i t e ,  and graywacke s a n d s t o n e , ................ ............................ .. 62*

52 .  S a n d s t o n e ,  t u f f a c e o u s ,  v e r y  c a l c a r e o u s ,  l i g h t  g r a y ,  v e r y  f infe-
t o  f i n e - g r a i n e d  b u t  c o n t a i n s  some c o a r s e - g r a i n e d  m i n e r a l  and 
r o c k  f r a g m e n t s ,  p o o r l y  bedded;  c o n t a i n s  zones  o f  c a l c a r e o u s  
c o n c r e t i o n s  t h a t  w e a t h e r  i n  p o s i t i v e  r e l i e f .  Approx imate  com­
p o s i t i o n ;  c a l c i t e ,  60%; g l a s s  s h a r d s ,  20%; m i n e r a l  and igneous  
r o c k  f r a g m e n t s ,  15%; m a t r i x  c o n s i s t i n g  o f  d u s t  and c l a y - s i z e  
f r a g m e n t s ,  5%............ ........................................ .............................................................  53*

TOTAL. ........................... .................. ................ ........................................................ ........... .... . 2 , 0 1 6 '

N o te ;  Bot tom o f  s e c t i o n  o b s c u re d  by Q u a t e r n a r y  d e p o s i t s  o f  t h e  E a s t  
G a l l a t i n  R i v e r  and t h e  Bozeman f a n .



r

__ ■ APPENDIX B

T a b le  2
-

F o s s i l  Samples

Sabible Number D e s c r i p t i o n L o c a t i o n

7 - 2 8 - l l e V e r t e b r a t e  j awbone  (?)  u n i d e n t i f i e d SW 1/4  s e c .  1 0 iT .2 S .v R .6 E .

9 - 5 - 1 V e r t e b r a t e  j a w s  ( r o d e n t ) - - p r o b a b l y  
o f  R e c e n t  a g e . NW 1/4  s e c .  15 jT .2 S . - t R.6E,

9 - 1 4 -1
i

V e r t e b r a t e  t o o th - - M e :r y c h i p p u s  sp „ 
p r o b a b l y  of  ' l a t e  Miocene age NW 1/4  s e c .  8 , T . 2 S . , R . 6E.

10-3-1 V e r t e b r a t e  t o q t h - - t e n t a t i v e l y  
i d e n t i f i e d  as  Camelid o f  i n t e r ­
m e d i a t e  genns  and s p e c i e s ,  v e ry  
p o s s i b l y  o f  same age as  " 9 - 1 4 - 1 " ' P  1/4 s e c .  1 0 ,T .2 S .  , R . 6E . .

I d e n t i f i c a t i o n s made my Edward Lewis ,  U. S.  G e o l o g i c a l  S u r v e y .
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