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Abstract:
Rocks ranging in age from Precambrian through Late Jurassic are present along the Beartboth
Mountain front between Emigrant Gulch and Mill Creek. The Middle Cambrian strata have been
intruded by a silllike pluton of dacitic magma which possibly caused upthrusting and warping of the
overlying sedimentary sequence. The crystallized magma is concentrated at the point of convergence of
the Mill Creek fault zone, the Cooke City zone, and the Deep Creek fault suggesting a cause and effect
relationship.' Uplift of the west flank of the Beartooth massif is attributed to range-front movement
along the Deep Creek fault, the trace of which is postulated to be buried beneath alluvium and glacial
deposits on the valley floor within the map area. Its presence is implied by springs and travertine
deposits in the. Chico vicinity and by recent scarps projecting into the map area along the mountain
front.

Tertiary sediments on the valley floor at Wanigan were dated as late Miocene - early Pliocene and
correlated with similar deposits of that age five miles to the south at White Cliffs.

Wisconsin glacial features cover a pre-Wisconsin topography of considerable relief on the valley floor
and include two outwash plains and two piedmont terminal moraines of different ages. Analyses of
preservation of these glacial features, weathering of debris, soil profile development, stratigraphic
relationships, and physiographic relationships indicate at least two Wisconsin piedmont glacial
advances. However, evidence for correlation with "standard" Bull Lake and Pinedale substages is
inconclusive.

The post-glacial history of the valley is characterized by recurrent structural movement along the
mountain fronts and sporadic downcutting and lateral erosion by the Yellowstone River and its
tributaries. 
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ABSTRACT

Rocks r a n g i n g  in  age from P r e c a m b r i a n  t h ro u g h  L a t e  J u r a s s i c  a r e  
p r e s e n t  a lo n g  t h e  B e a r t b o t h  Mounta in  f r o n t  between  E m ig r a n t  Gulch and 
M i l l  C r e e k .  The Midd le  Cambrian s t r a t a  have been i n t r u d e d  by a s i l l ­
l i k e  p l u t o n  o f  d a c i t i c  magma which p o s s i b l y  caused  u p t h r u s t i n g  and warp­
i n g  o f  t h e  o v e r l y i n g  s e d i m e n t a r y  s e q u e n c e .  The c r y s t a l l i z e d  magma i s  
c o n c e n t r a t e d  a t  t h e  p o i n t  o f  c onve rgence  o f  t h e  M i l l  Creek  f a u l t  z o n e , 
t h e  Cooke C i t y  z o n e , and t h e  Deep Creek  f a u l t  s u g g e s t i n g  a cause  and 
e f f e c t  r e l a t i o n s h i p . '

U p l i f t  o f  t h e  w es t  f l a n k  o f  t h e  B e a r t o o t h  m a s s i f  i s  a t t r i b u t e d  t o  ■ 
r a n g e - f r o n t  movement a lo n g  t h e  Deep Creek  f a u l t ,  t h e  t r a c e  o f  which i s  
p o s t u l a t e d  t o  be b u r i e d  b e n e a t h  a l l u v i u m  and g l a c i a l  d e p o s i t s  on the  
v a l l e y  f l o o r  w i t h i n  t h e  map a r e a .  I t s  p r e s e n c e  i s  i m p l i e d  by s p r i n g s  
and t r a v e r t i n e  d e p o s i t s  i n  the .  Chico v i c i n i t y  and by r e c e n t  s c a r p s  
p r o j e c t i n g  i n t o  t h e  map a r e a  a lo n g  t h e  m oun ta in  f r o n t .

T e r t i a r y  s e d im e n t s  on t h e  v a l l e y  f l o o r  a t  Wanigan were d a t e d  as  
l a t e  Miocene -  e a r l y ■P l i o c e n e  and c o r r e l a t e d  w i t h  s i m i l a r  d e p o s i t s  of  
t h a t  age f i v e  m i l e s  t o  t h e  s o u th  a t  White  C l i f f s .

W is c o n s in  g l a c i a l  f e a t u r e s  c o v e r  a p r e - W i s c o n s i n  t o p o g ra p h y  of  
c o n s i d e r a b l e  r e l i e f  on t h e  v a l l e y  f l o o r  and i n c l u d e  two outwash p l a i n s  
and two p iedm ont  t e r m i n a l  m o r a i n e s  o f  d i f f e r e n t  a g e s .  A n a l y s e s  of  p r e ­
s e r v a t i o n  o f  t h e s e  g l a c i a l  f e a t u r e s , w e a t h e r i n g  o f  d e b r i s ,  s o i l  p r o f i l e  
d e v e lo p m e n t ,  s t r a t i g r a p h i c  r e l a t i o n s h i p s ,  and p h y s i o g r a p h i c  r e l a t i o n s h i p s  
i n d i c a t e  a t  l e a s t  two W is c o n s in  p iedmont  g l a c i a l  a d v a n c e s .  However, 
e v i d e n c e  f o r  c o r r e l a t i o n  w i t h  " s t a n d a r d "  B u l l  Lake and P i n e d a l e  sub­
s t a g e s  i s  i n c o n c l u s i v e .

The p o s t - g l a c i a l  h i s t o r y  of  t h e  v a l l e y  i s  c h a r a c t e r i z e d  by r e ­
c u r r e n t  s t r u c t u r a l  movement a lo n g  th e  m o u n ta in  f ront*  and s p o r a d i c  down­
c u t t i n g  and l a t e r a l  e r o s i o n  by th e  Y e l lo w s to n e  R i v e r  and i t s  t r i b u t a r i e s .

vi



GENERAL GEOLOGY AND GE (MORPHOLOGY OF IHE EMIGRANT GULCH- 
MILL CREEK AREA, PARK COUNTY, MONTANA

INTRODUCTION

G e o g r a p h ic  S e t t i n g

The a r e a  o f  t h i s  f i e l d  s tu d y  i s  l o c a t e d  a long  th e  w es t  f l a n k  o f  t h e  

B e a r t o o t h  Range in  t h e  m o u n ta in s  o f  s o u t h - c e n t r a l  Montana ,  p a r t  o f  the  

n o r t h e r n  Rocky Mounta in  c h a i n .  T h i s  a r e a  i n c l u d e s  p a r t  o f  t h e  v a l l e y  on 

t h e  e a s t  s i d e  o f  t h e  Ye l lo w s to ne .  R i v e r  , d i r e c t l y  s o u th  o f  t h e  small  commun­

i t y  o f  P r a y ,  Montana,  a b o u t  25 m i l e s  s o u th  o f  L i v i n g s t o n . The map a r e a  

( s e e  f i g u r e  3) i s  bounded by t h e  Y e l lo w s to n e  R i v e r  on t h e  West ,  Em igran t  

C reek  on t h e  s o u th , ,  and M i l l  Creek  on t h e  n o r t h .  The e a s t e r n  boundary  i s  

a  h y p o t h e t i c a l  l i n e  p a r a l l e l i n g  t h e  m oun ta in  f r o n t  and e x t e n d i n g  from White  

C i t y  t o  M i l l  C r e e k .  T h i s  l i n e  n e a r l y  c o i n c i d e s  w i th  t h e  s a d d l e s  be tween  t h e  

more subdued r i d g e s  and t h e  s t e e p  f r o n t  o f  t h e  main B e a r t o o t h  m a s s i f .

P r e v i o u s  I n v e s t i g a t i o n s

Bedrock g e o lo g y  o f  t h e  map a r e a  was f i r s t  s t u d i e d  by I d d i n g s  and Weed,- 

whose, work was p u b l i s h e d  i n  1893 i n  t h e  U. S.  G e o l o g i c a l  S u r v e y ' s  L i v i n g s t o n  

F o l i o .  T h e i r  map and d e s c r i p t i o n !  of  t h e  a r e a  i s  v e ry  g e n e ra l , .  The a r e a  

was J a t e r  mapped i n  more d e t a i l  by J .  T.  Wilson  (1937)  as  p a r t  o f  h i s  

P h . D. t h e s i s  a t  P r i n c e t o n  U n i v e r s i t y  b u t  t h i s  work was n e v e r  p u b l i s h e d .  

However , h i s  map was used i n  t h e  c o m p i l a t i o n  of  t h e  s t a t e  g e o l o g i c  map of  

Montana ( 1 9 5 5 ) .

Geomorphic  s t u d i e s  which i n c l u d e d  t h e  map a r e a  have been  p u b l i s h e d  

by Weed (1893) and by Horberg  ( 1 9 4 0 ) .  H o r b e r g ' s work was done i n  con­

s i d e r a b l y  more d e t a i l  b u t  t h e  most  i m p o r t a n t  geomorph ic  i n t e r p r e t a t i o n s  

can be a t t r i b u t e d  to .  Weed. Alden (1932)  made s e v e r a l  t r i p s  t h r o u g h '1 t h e
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a r e a  b u t  r e l i e d  e s s e n t i a l l y  on Weed’ s work i n  p r e s e n t i n g  some i n t e r e s t i n g  

s u g g e s t i o n s  r e g a r d i n g  c o r r e l a t i o n  o f  s u r f a c e s  on a r e g i o n a l  b a s i s .

The most  r e c e n t  work i n  t h e  a r e a  ha s  been  done by John  Montagne in  

1961, ’62 ,  and ’63 .  M ontagnef s r e s e a r c h  was c o n c e n t r a t e d  on the  e v i d e n c e  

f o r  h i g h - l e v e l  p r e - W i s c o n s i n  g l a c i a t i o n  in  t h e  v a l l e y  b u t  t h e  g e n e r a l  

g e o lo g y  was a l s o  n o t e d . The r e s u l t s  o f  h i s  work have n o t  y e t  been pub-
v

I i  shed .

O b i e c t i v e s  --- u--- :---------

The o b j e c t i v e s  o f  t h i s  s t u d y  were t o  c o n s t r u c t  an a c c u r a t e  geo ­

l o g i c  map o f  t h e  a r e a ,  t o  d e s c r i b e  r o c k  u n i t s  and s t r u c t u r a l  and geo-  

m orph ic  r e l a t i o n s h i p s ,  and t o  p r o p o s e  a l i k e l y  Q u a t e r n a r y  t h ro u g h  R e c e n t  

geomorph ic  h i s t o r y  o f  th $  a r e a .  O t h e r  p rob lem s  c o n s i d e r e d  in  t h i s  s tu d y  

i n c l u d e  t h e  p o s s i b i l i t y  o f  r a n g e  f r o n t  f a u l t i n g  and t h e  age o f  T e r t i a r y  ' 

s e d im e n t s  on th e  v a l l e y  f l o o r .



Age S t r a t i g r a p h i c
U ni t

Approx.  I C h a r a c t e r
T h i c k n e s s  |

M o r r i son  Fo rm a t io n ,  and o v e r lyincr Mesozoic  u n i t s  no t  exposed .
U. J u r a s s i c

M. J u r a s s i c  

M. J u r a s s i c

E
ll

is
 

G
ro

up
 

j

S w if t
Formation '

L d i s c o n f o r m i t y

R ie rdon
Form a t ion

80 ' C a l c a r e o u s  f o s s i l i f e r o u s  c r o s s - b e d d e d  g l a u c o n i t i c  
s a n d s t o n e .

95 ' C a l c a r e o u s  o l i v e - g r a y  s h a l e  o v e r l y i n g  t h i n  zone o f  
g r a y  f o s s i l i f e r o u s  o o l i t i c  l i m e s t o n e .

Sawtooth
F o r m a t io n

250 ' About 160 '  o f  d e n s e  g r a y ,  brown, and y e l l o w  s h a l e  
o v e r l y i n g  abou t  80 '  o f  y e l l o w  to  g r a y  s i l t y  and sandy 
s h a l e .

P e n n s y l v a n i a n Q uadran t
Form a t io n

1 1 5 ’ L i g h t - y e l l o w i s h - g r a y  t o  l i g h t - r e d d i s h - g r a y  f i n e ­
g r a i n e d  q u a r t z i t e  o r  q u a r t z  s a n d s t o n e .

P e n n s y lv a n i a n
and

M l s s i s s i p p i a n

Amsdem
Form a t ion 80 '

N o n - r e s i s t a n t  beds  o f  r e d  s h a l e  and s i l t s t o n e .  In te r -  
bedded  l i m e s t o n e  and v a r i c o l o r e d  s h a l e .  B a s a l  sand­
s t o n e  c o n t a i n i n g ,  f r a g m e n t s  o f  u n d e r l y i n g  Madison Lime­
s t o n e .  Weathers  t o  r e d  s o i l .

M i s s i s s i p p i a n
M iss ion
Canyon

Limes tone
580'

L i g h t  g r a y  s i l i c e o u s  l im e s t o n e . -  C h e r t  n o d u l e s  and 
l e n s e s  commonly p a r a l l e l  t o  b e d d in g .  G e n e r a l l y  mas­
s i v e ,  d e n s e ,  and devo id  o f  f o s s i l s .

Lod g e p o le  
L imes tone

---------- d i s c o n f o r m i t y

400 '
L i g h t  g r a y  t h i n - b e d d e d  t o  m ass ive  f o s s i l i f e r o u s  f r a g ­
m e n t a l  l i m e s t o n e .  C h e r t  nodu les  and l e n s e s  commonly 
p a r a l l e l  t o  b e d d in g .

TABLE I . -  G e n e r a l i z e d  P a l e o z o i c  and Mesozoic  S t r a t i g r a p h i c  S e c t i o n  n e a r  M i l l  Creek



U. Devonian 

U. Devonian

Three  Forks 
S h a l e 85 '

T h in -b e d d e d  o range -b row n  s h a l e s  i n t e r b e d d e d  w i th  g ray  
t o  o r a n g e - g r a y  d o l o m i t e .  Thin beds  o f  y e l l o w  c r o s s -  
bedded  a r e n a c e o u s  d o l o m i t e .  S a l t  c a s t s  and r i p p l e  

• marks common i n  some b e d s .

J e f f e r s o n
L im es tone 258 '

Dark g r a y  t o  b l a c k  medium-bedded t o  m ass iv e  f i n e ­
g r a i n e d  d o l o m i t i c  l i m e s t o n e .  Weathe rs  t o  medium t o  
d a r k  brown c o l o r  and g i v e s  " p e t r o l i f e r o u s "  odor  from 
f r e s h  f r a c t u r e s .  C o n t a i n s  Amphipora and has  c a l c i t e  
v e i n l e t s  in  f r a c t u r e s . S o l u t i o n  b r e c c i a s  common in  
a few z one s .  . *

U. O r d o v i c i a n

— ;■ QI sco n I o r  mi Ly

Bighorn
D olom i te 80!

B u f f  t o  g r a y  m ass iv e  f i n e - g r a i n e d  d o l o m i t e .  C r i n o i d  
s tems  a r e  common. S i l i c e o u s  s t r i n g e r s  c a u s e  w e a t h e r -  

, i n g  t o  " h o n e y - c o m b - l ik e "  rough  p i t t e d  s u r f a c e .

U. Cambrian,

. 
Sn

ow
y 

R
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ge
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Grove 
C r e e k  • 
L imes to ne  
Member

30 '  -

Medium-bedded b u f f  l i m e s t o n e  p e b b l e  c o n g lo m e ra t e .  
W e l l - ro u n d e d  g r e e n i s h - c o a t e d  l im e s t o n e  p e b b le s  with '  
l i t t l e  o r  no l i m e s t o n e  m a t r i x .

Sage P e b b le  
C ong lom era te  

Member
160'

Medium-bedded to  m a s s iv e  f l a t  p e b b l e  c o n g lo m e ra t e  with 
i n t e r b e d d e d  g r a y - g r e e n  t h i n - b e d d e d  s h a l e s .  Conglom­
e r a t e  composed o f  dense  l i m e s t o n e  p e b b le s  in  a c ry s t a l ­
l i n e  l i m e s t o n e  m a t r i x . .

Dry  Creek  
S h a l e  

Member
90 '

G r a y -g r e e n  and d a r k  g r e e n , t h i n - b e d d e d  s h a l e s  i n t e r ­
c a l a t e d  w i th  a few beds  o f  brown, sandy s h a l e s .

P i l g r i m
L im es tone

2 0 2 ’ A p prox im a te ly  100 f t .  o f  l i g h t  g r a y  to  b u f f  m o t t l e d  
t h i c k - b e d d e d  o o l i t i c  c r y s t a l l i n e  l im e s t o n e  ove r ly ing

TABLE I . -  (Con-tirrued)



abou t  100 f t .  o f  g r a y - g r e e n  c o a r s e  e dgew ise  conglomP 
e r a t e  i r r e g u l a r l y  bedded w i t h  i n t e r c a l a t e d  t h i n  beds 
o f  g r a y  and g r e e n  s h a l e s .

M. Cambrian
P a rk
S h a le 200 '

G r a y - g r e e n  f i s s i l e  m icaceous  s h a l e .  A few t h i n  beds 
o f  g r a y  c r y s t a l l i n e  l i m e s t o n e  in  t h e  m id d le  o f  t h e  
u n i t .

Meagher
L imes to ne 150'

Gray t h i n - b e d d e d  l i m e s t o n e  w i th  s i l t y  y e l l o w  p a r t ­
i n g s .  Weathers  t o  y e l l o w i s h - g r a y  s o i l .  Midd le  p a r t  
i s  most  r e s i s t a n t .  Ye l low s i l t y  p a r t i n g s  g i v e  a 
m o t t l e d  a p p e a r a n c e .  "

Wolsey
S h a le

H O '
G r a y -g r e e n  and maroon f i s s i l e  m icaceous  s h a l e  w i th  
some t h i n  beds  o f  l i g h t e r  micaceous  s i l t s t o n e .  Worm 
t r a i l s  and bu r row s  a r e  common.

F l a t h e a d
Q u a r t z i t e 75 '

B u f f  t o  r e d  medium-to c o a r s e - g r a i n e d  m e d i u m - t o - t h i c k -  
bedded c r o s s - b e d d e d  q u a r t z  s a n d s t o n e  o r  q u a r t z i t e .  
C o n g l o m e r a t i c  n e a r  b a s e .

P r e c a m b r i a n  -(Archean) P a rk  g r e e n  s c h i s t  w i t h  many v e in s  and v e i n l e t s  o f  
q u a r t z  g e n e r a l l y  p a r a l l e l  t o  f o l i a t i o n .

TABLE I . -  ( C on t inue d )



STRATIGRAPHY

L i t h o l o g i c  u n i t s  i n  t h e  map a r e a  r a n g e  i n  age from P r e c a m b r i a n  

( A r c h e a n )  t o  R e c e n t .  F o r m a t io n s  t y p i c a l  o f  t h e  i n t e r v a l  f rom P r e -  

cambr ian th r o u g h  Upper  J u r a s s i c  a r e  exposed  a lo n g  t h e  w es t  s i d e  of  t h e  

B e a r t o b t h  Range be tween  E m ig r a n t  Gulch and M i l l  Creek .  E x p o s u r e s  a re  

g e n e r a l l y  poo r  b u t  s u f f i c e  f o r  f i e l d - m a p p i n g .  The p o o r  e x p o s u r e s  make 

i t  n e c e s s a r y  t o  draw upon i n f o r m a t i o n  from o t h e r  a r e a s  f o r  d e s c r i p t i o n s  

o f  P a l e o z o i c  and Mesozo ic  u n i t s . S i g n i f i c a n t  t h i c k n e s s e s  o f  Middle  

Cenozo ic  and R e c e n t  s e d im e n t s  a r e  c o n f i n e d  t o  t h e  a r e a  w es t  o f  t h e  moun­

t a i n  f r o n t  and a r e  w e l l  exposed  o n ly  a lo n g  r o a d - c u t s  and s t r e a m  c h a n n e l s

P r e c a m b r i a n

In  t h e  map a r e a ,  P r e c a m b r i a n  r o c k s  a r e  exposed  m a i n ly  a lo n g  the  

n o r t h  s i d e  o f  E m ig ra n t  Gulch .  A sm a l l  p a t c h  was a l s o  mapped i n  s e c . 7,

T . 6 S . ,  R . 9 E . i n  t h e  bo t tom  of  C o n l i n  Gulch on t h e  b a s i s  o f  f l o a t .  

Where e x p o s ed  i n  E m ig ra n t  Gulch t h e  P r e c a m b r i a n  c o n s i s t s  o f  d a r k  g reen  

t o  b l a c k  s c h i s t  c o n t a i n i n g  many sm a l l  q u a r t z  v e i n s .  The q u a r t z  v e i n s  

a r e  r andom ly  d i s t r i b u t e d  and t e n d  t o  p a r a l l e l  t h e  f o l i a t i o n  o f  t h e  

s c h i s t .  The f o l i a t i o n  g e n e r a l l y  p a r a l l e l s  t h e  m ounta in  f r o n t  s t r i k i n g  

a t  a b o u t  N. 60°  E . and d i p p i n g  s t e e p l y  t o  t h e  n o r t h w e s t .

A l th o u g h  no r a d i o g e n i c  age d e t e r m i n a t i o n s  have been made on thd  

m e ta m orph ic  r o c k s  i n  t h e  map a r e a ,  an age o f  2420 m.y .  was d e t e r m i n e d  

from K -  Ar a n a l y s i s  o f  b i o t i t e  i n  p h y l l i t e  f rom J a r d i n e , ab o u t  20 

m i l e s  f rom E m ig r a n t ,  on t h e  s o u th w e s t  c o r n e r  o f  the  B e a r t o o t h  m a s s i f  by 

Bruno G i l l e t t i  ( o r a l  comm unica t ion ,  W i l l i a m  J .  McMannis , 1963 ) .  T h i s  

age may be s i m i l a r  t o  t h a t  o f  t h e  P r e c a m b r i a n  s c h i s t  i n  t h e  map a r e a  arid



8

i n d i c a t e s  t h a t  t h e  m etam orph ic  r o c k s  o f  t h e  w e s t e r n  B e a r t o o t h  M ounta ins  

a r e  p r e - B e l t  i n  age .

Cambrian

Cambrian s t r a t i g r a p h i c  u n i t s  i n  t h e  t h e s i s  a r e a  were mapped as  6 f w -  

Midd le  Cambrian F l a t h e a d  Q u a r t z i t e  and Wolsey S h a l e ,  e m “ Middle  Cambrian 

Meagher  L i m e s to n e ,  and as  6 ^  -  Midd le  Cambrian Pa rk  S h a l e  and Upper Cam­

b r i a n  P i l g r i m  L im e s to n e  and Snowy Range F o r m a t io n .  The Cambrian s e c t i o n
i

a p p r o a c h e s  1000 f e e t  i n  t h i c k n e s s  i n  t h e  map a r e a .  Each u n i t  i s  d i s c u s s e d  

be low.

F l a t h e a d  Q u a r t z i t e

The o l d e s t  Cambrian u n i t  i n  t h e  map a r e a  i s  t h e  F l a t h e a d  Q u a r t z i t e  

which unc on fo rm ab ly  o v e r l i e s  P r e c a m b r i a n  m etamorph ic  r o c k .  The on ly  e x ­

p o s u r e  o f  t h i s  c o n t a c t  found  i n  thp  a r e a  i s  on th e  r i d g e  a lo n g  th e  n o r t h  

s i d e  o f  E m ig r a n t  G u lc h .  At t h i s  c o n t a c t  t h e  a n g u l a r  d i s c o r d a n c e  between  

t h e  F l a t h e a d  and t h e  P r e c a m b r i a n  s c h i s t  i s  as  g r e a t  as  8 0 ° .  The F l a t h e a d  

i s  p r e s e n t  a lo n g  t h e  bo t tom  o f  C o n l i n  Gulch and i n  s e c .  3 ,  T. 6 S . ,

R. 9 E. on t h e  s o u th  s i d e  o f  M i l l  Creek  Canyon . A l l  e x p o s u r e s  o f  F l a t h e a d  

i n  t h e  map a r e a  c o n s i s t  o f  a b u f f  t o  r e d  medium-to c o a r s e - g r a i n e d  q u a r t z i t e .  

C r o s s - b e d d in g  i s  p r o m in e n t  i n  some z o n e s . T h in  l e n s e s  o f  c o n g lo m e ra t e  con­

t a i n i n g  subrounded  q u a r t z  p e b b l e s  a l s o  c h a r a c t e r i z e  t h e  u n i t .  Where e x ­

posed  n e a r  t h e  map a r e a  and s t u d i e d  by o t h e r  w o r k e r s ,  t h e  F l a t h e a d  Q u a r t z i t e  

g e n e r a l l y  c o n s i s t s  o f  50 t o  125 f e e t  o f  q u a r t z  s a n d s t o n e  and q u a r t z i t e  

w i t h  a c h a r a c t e r i s t i c  b u f f  and red  m o t t l i n g  which i s  i n d e p e n d e n t  of  bed d in g  

p l a n e s .  A b a s a l  a r k o s i c  and somewhat c o n g l o m e r a t i c  zone w i t h  a v a r y i n g
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t h i c k n e s s  i s  found  i n  some a r e a s .

The t h i c k n e s s  o f  t h e  F l a t h e a d  was n o t  measured  b u t  a p p e a r s  t o  be 

a b o u t  75 f e e t  on t h e  n o r t h  s i d e  o f  C o n l i n  Gulch .  T h i s  i s  t h e  on ly  p l a c e  

where what  i s  b e l i e v e d  t o  be a f u l l  t h i c k n e s s  i s  p r e s e n t  i n  t h e  map a r e a .  

T h i s  t h i c k n e s s  a g r e e s  w i t h  t h a t  measured  by R i c h a r d s  (1957)  n e a r  L i v i n g s t o n  

and t h a t  r e p o r t e d  by J .  T.  TVilson ( u n p u b l i s h e d  P h . D. t h e s i s ,  P r i n c e t o n  TL, 

1937) n e a r  t h e  mouth o f  M i l l  C r e e k .  The F l a t h e a d  was d e p o s i t e d  on an i r ­

r e g u l a r  P r e c a m b r i a n  s u r f a c e  so l o c a l  v a r i a t i o n s  i n  t h i c k n e s s  a r e  common 

(Lochman-Balk ,  1956, p .  5 9 3 ) .

At  mos t  p l a c e s  i n  t h e  map a r e a ,  t h e  F l a t h e a d  i s  c l o s e l y  a s s o c i a t e d  

w i t h  T e r t i a r y  d a c i t e  p o r p h y r y  which has  i n t r u d e d  a lo n g  t h e  C a m b r i a n -P re -  

cambr ian  c o n t a c t .  C o n t a c t  metamorphism has  baked t h e  q u a r t z i t e  t o  a d a r k  

r e d  t o  b l a c k  e x t r e m e l y  b r i t t l e  m a t e r i a l  i n  some p l a c e s .  In  o t h e r  p l a c e s  

a lo n g  t h e  c o n t a c t  t h e  q u a r t z i t e  has  been  b l e a c h e d  t o  a medium g r a y  and t h e  

i r o n  o x id e  ha s  a c cu m u la t e d  a lo n g  f r a c t u r e s .

Wolsey S h a l e

A l though  t h e  Wolsey S h a l e  i s  p r e s e n t  a t  s e v e r a l  p l a c e s  i n  t h e  map 

a r e a  i t  c ro p s  o u t  o n ly  a t  one l o c a t i o n  i n  a r o a d - c u t  a b o u t  o n e - q u a r t e r  

m i l e  s o u th  o f  Chico  Hot S p r i n g s .  About  40 f e e t  o f  t h e  u n i t  i s  exposed  in  

f a u l t  c o n t a c t  w i t h  Devonian  J e f f e r s o n  L im es tone  and i n t r u s i v e  c o n t a c t  w i t h  

T e r t i a r y  d a c i t e  p o r p h y r y .  At t h i s  o u t c r o p  t h e  Wolsey c o n s i s t s  of  g r a y - g r e e n  

and maroon f i s s i l e  m ic a ce o u s  s h a l e  w i t h  some t h i n  beds  o f  m icaceous  s i l t -  

s t o n e .  No t r i l o b i t e  f r a g m e n t s  were found a l t h o u g h  t h e y  a r e  common in  t h e  

Wolsey i n  a d j a c e n t  a r e a s .  Worm t r a i l s  and bur rows  which c h a r a c t e r i z e  t h e
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Wolsey i n  o t h e r  a r e a s  a r e  v e r y  common i n  t h i s  e x p o s u r e .

W herever  t h e  Wolsey i s  p r e s e n t  i n  t h e  map a r e a  i t  i s  c l o s e l y  a s s o c i - : 

a t e d  w i t h  p o r p h y r i t i c  i n t r u s i v e  r o c k .  C o n t a c t  metamorphism has  c o n s i d e r ­

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

p h y r y .  Such a c o n t a c t  i s  exposed  j u s t  u p s t r e a m  from t h e  mouth o f  M i l l  

Creek Canyon ( s e e  f i g u r e  4 . )  where t h e  o r i g i n a l l y  g r e e n  m ic a ce o u s  s h a l e  

ha s  been  metamorphosed  t o  a d a r k  g r a y  t o  b l a c k  s i l i c e o u s  h o r n f e l s .

The b e d d in g  p l a n e  f i s s i l i t y  o f  t h e  s h a l e  f o r  as  much as  two i n c h e s  from- th e  

c o n t a c t  ha s  a lm o s t  c o m p l e t e l y  d i s a p p e a r e d .  A l s o ,  t h i s  t w o - i n c h - t h i c k  m e ta ­

morphosed zone c o n t a i n s  a few s c a t t e r e d  p o r p h y r o b l a s t s  o f  q u a r t z  and i s  

e x t e n s i v e l y  i r o n - s t a i n e d  a lo n g  f r a c t u r e s .  The h o r n f e l s  ha s  r e t a i n e d  much 

o f  t h e  o r i g i n a l  mica  and does  n o t  c o n t a i n  any m etamorph ic  m i n e r a l s . '

The c o n t a c t  be tween  t h e  Wolsey S h a l e  and t h e  u n d e r l y i n g  F l a t h e a d  

Q u a r t z i t e  i s  p o o r l y  exposed  i n  t h e  map a r e a .  Near  L i v i n g s t o n  ( R i c h a r d s ;  

1957) and i n  t h e  G a r n e t  M oun ta in  Q ua d ra ng le  w es t  of  t h e  map a r e a  (McMannis 

and Chadwick,  in  p r e s s )  t h e  to p  o f  t h e  F l a t h e a d  g r a d e s  i n t o  t h e  base  o f  the  

Wolsey and t h e  c o n t a c t  i s  p l a c e d  above t h e  h i g h e s t  p r o m i n e n t  s a n d s t o n e  o r  

q u a r t z i t e  l e d g e .  I s o p a c h  maps (Hanson,  1952) i n d i c a t e  t h a t  t h e  W o ls e y ' 

S h a l e  s h o u ld  be ab o u t  HO f e e t  t h i c k  i n  t h e  map a r e a .  T h i s  a g r e e s  r e a ­

s o n a b ly  w i t h  t h e  t h i c k n e s s  o f  105 f e e t  m easu red  by R i c h a r d s  (1957)  ne a r  

L i v i n g s t o n .

Meagher  L im es tone

The Meagher  L im e s to n e  i s  Middle  Cambrian i n  age and con fo rm ab ly  o v e r -  

l i e s  t h e  Wolsey S h a l e .  The c o n t a c t  i s  n o t  exposed  i n  t h e  map a r e a  b u t  i s
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F i g u r e  4 .  T e r t i a r y  i n t r u s i v e  o v e r  Wolsey S h a l e  n e a r  mouth o f  M i l l  
Creek Canyon.

g e n e r a l l y  chosen  as  t h e  bo t tom  o f  t h e  l o w e s t  l e d g e - f o r m i n g  l i m e s t o n e  in  the  

g r a d a t i o n a l  zone between  t h e  two f o r m a t i o n s  as  in  t h e  G a r n e t  Mounta in  Quad­

r a n g l e  (McMannis and Chadwick,  in  p r e s s )  and n e a r  L i v i n g s t o n  ( R i c h a r d s ,  

1957 ) .  I n  t h e  map a r e a  t h e  Meagher  c ro p s  o u t  as  a d a r k  g r a y  t h i n - b e d d e d  

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

ro ck  w e a t h e r s  t o  a y e l l o w i s h - g r a y  s o i l .  L ike  t h e  o t h e r  Cambrian u n i t s  in  

t h e  map a r e a ,  t h e  l i m e s t o n e  i s  i n t r u d e d  by d a c i t e  p o r p h y r y .  No e f f e c t s  o f  

c o n t a c t  metamorphism were found b u t  t h e  ro ck  i s  e x t r e m e l y  f r a c t u r e d  n e a r  

t h e  i n t r u s i v e  c o n t a c t .  The t h i c k n e s s  o f  t h e  Meagher  L im es tone  was no t  

measured  i n  t h e  map a r e a  b u t  t h e  u n i t  i s  abou t  150 f e e t  t h i c k  on the  E a s t  

Fork  o f  M i l l  Creek  (W. J .  McMannis, p e r s o n a l  communica t ion ,  1964) .  T h i s  

a g r e e s  w e l l  w i th  t h e  i s o p a c h  t h i c k n e s s  shown by Hanson (1 9 5 2 ) .  In o t h e r
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a r e a s  be tween  t h e  G a l l a t i n  Range and Cooke C i t y ,  t h e  Meagher L imes tone  v a r ­

i e s  c o n s i d e r a b l y  i n  t h i c k n e s s .  G e n e r a l l y  t h e r e  i s  a r a p i d  t h i n n i n g  to  t h e  

n o r t h e a s t ,  At G a rn e t  M ounta in  i n  t h e  G a l l a t i n  R ange , t h e  t h i c k n e s s  i s  

449 f e b t  (McMannis and Chadwick,  i n  p r e s s )  w hereas  e a s t  o f  t h e  map a r e a ,  , 

n e a r  Qooke C i t y ,  i t  i s  I lQ f e e t  (Hanson,  1952) .

P a r k  S h a l e

The P a r k  S h a l e  i s  n o t  exposed  i n  t h e  map a r e a  b u t  was mapped on th e  

b a s i s  o f  f l o a t  and t h e  c ove re d  i n t e r v a l  be tween  o u t c r o p s  o f  t h e  u n d e r ­

l y i n g  Meagher  L im es tone  and t h e  o v e r l y i n g  P i l g r i m  L i m e s to n e .  Because  the  

P a r k  i s  n o t  exposed  and c o n t a c t s  cou ld  n o t  be p r e c i s e l y  d e t e r m i n e d ,  j t s  

t h i c k n e s s  was n o t  m e a s u r e d .  An a p p ro x im a te  t h i c k n e s s  o f  a b o u t  200 f e e t ,  

i n t e r p o l a t e d  from an i s o p a c h  (Hanson,  1952) seems t o  be a b o u t  r i g h t .  

McMannis and Qhadwick ( i n  p r e s s )  measured  217 f e e t  o f  P a r k  S h a l e  i n  t h e  

n o r t h e a s t  c o r n e r  o f  t h e  G a r n e t  Mounta in  Quadrang le  and R i c h a r d s  (1957) 

r e p o r t s  a t h i c k n e s s  o f  380 f e e t  n e a r  L i v i n g s t o n .  The d i s c r e p a n c i e s  i n  

t h i c k n e s s e s  can p r o b a b l y  be a t t r i b u t e d  t o  t h e  use o f  d i f f e r e n t  c r i t e r i a  

f o r  t h e  c h o i c e  o f  c o n t a c t s .

Where exposed  i n  t h e  a r e a s  m en t io n e d  above ,  t h e  P a r k  S h a l e  c o n s i s t s  

o f  g r a y - g r e e n  and maroon m ic a ce ous  f i s s i l e  s h a l e  w i th  i n t e r b e d d e d  c a l ­

c a r e o u s  s i l t s t o n e  and f i n e  s a n d s t o n e .  The P a r k  i s  much l i k e  t h e  Wolsey 

e x c e p t  t h a t  i t  i s  l e s s  m ic a c e o u s .  Near  t h e  t o p  o f  t h e  u n i t  a r e  t h i n  i n ­

t e r b e d d e d  l i m e s t o n e s  and y e l l o w  c a l c a r e o u s  s h a l e s .  Near  t h e  b a se  of  t h e  
j I ! ■

P a r k  a r e ' a  few t h i n  beds  o f  g l a u c o n i t i c  l i m e s t o n e  and l i m e s t o n e - p e b b l e  

c o n g lo m e ra t e  (McMannis and Chadwick,  i n  p r e s s ) .  In  t h e  map a r e a ,  on ly
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a few s c a t t e r e d  p i e c e s  o f  g r a y - g r e e n  s h a l e  i n  a g r e e n i s h  s o i l  cou ld  be found 

i n  t h e  P a r k  c o v e re d  i n t e r v a l „

P i l g r i m  L im e s to n e

Between C o n l i n  Gulch and M i l l  Creek  i n  t h e  map a r e a ,  t h e  more r e r  

s i s t a n t  u ppe r  p a r t  o f  t h e  P i l g r i m  L im e s to n e  i s  q u i t e  w e l l  exposed  i n  t h e  

s a d d l e s  be tw een  t h e  l o w e r , . m o r e  subdued r i d g e s  and th e  s t e e p  f r o n t  of  t h e  

B e a r t o o t h  Range.  The P i l g r i m  L imes to ne  i s  t h e  l o w e s t  u n i t  o f  t h e  Upper 

Cambrian se quenc e  and c on fo rm ab ly  o v e r l i e s  t h e  Middle  Cambrian Park  S h a l e . 

A c c o r d in g  t o  D o r f  and Lochman ( 1 9 4 0 ) ,  t h e  P i l g r i m  has  a un i fo rm  l i t h o l o g y  

t h r o u g h o u t  t h e  r e g i o n  and c p n s i s t s  of  two d i s t i n c t  u n i t s .  The uppe r  u n i t  

i s  ab o u t  100 f e e t  t h i c k  and c o n s i s t s  o f  t h i c k - b e d d e d  o o l i t i c  g r a y  to  b u f f  

m o t t l e d  c r y s t a l l i n e  l i m e s t o n e .  The low er  u n i t  i s  a l s o  a b o u t  100 f e e t  

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

and g r a y - g r e e n  s h a l e . I n  t h e  map a r e a ,  t h e  uppe r  u n i t  i s  g e n e r a l l y  w e l l  

exposed  and p r o v i d e s  an e x c e l l e n t  m arke r  u n i t  f o r  f i e l d  mapping .  The 

low er  u n i t  i s  n o t  exposed  e x c e p t  i n  a lo g g in g - ro a d  c u t  i n  s e c .  7,  T. 6 S . ,

R. 9 E. on t h e  n o r t h  s i d e  o f  C o n l i n  Gulch .

Snowy Range F o r m a t io n

In  t h e  map a r e a  t h e  Snowy Range F o r m a t io n  i s  v e r y  p o o r l y  e x p o s ed .  I t  

was mapped on t h e  b a s i s  o f  f l o a t .  The Snowy Range F o r m a t io n  i s  s u b d iv i d e d

i n t o  t h r e e  members as  d e s c r i b e d  by Lochman-Balk (1 9 5 6 ) .  The. l o w e s t  member

i s  t h e  Dry Creek  S h a l e  Member which o v e r l i e s  t h e  P i l g r i m  L im es tone  confo rm­

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

sandy s h a l e s ,  t a n  t o  p i n k  f i n e - g r a i n e d  c a l c a r e o u s  d o l o m i t i c  and pure
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s a n d s t o n e s , t h i n - t o  medium-bedded b u f f  s i l t s t o n e s , and red  t o  p u r p l e  

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

o f  a columnar  l i m e s t o n e  which forms t h e  b a s e  o f  t h e  o v e r l y i n g  Sage Pe b b le  

C ong lom era te  Member. The Dry Creek  S h a l e  ha s  a r e p o r t e d  t h i c k n e s s  of  80 

t o  95 f e e t  i n  t h e  B e a r t o o t h  Range.

The Sage P e b b le  Cong lom era te  Member o v e r l i e s  t h e  Dry Creek  S h a l e  con­

f o rm a b ly  and in  t h e  M i l l  Creek  a r e a  c o n s i s t s  o f  medium-bedded to  m ass ive  

f l a t  l i m e s tone-pebble  c o n g lo m e ra t e  w i th  i n t e r b e d d e d  g r a y - g r e e n  s h a l e s  

(Lochman-Balk ,  1956; D or f  and Lochman, 194.0). The c o n g lo m e ra t e  i s  com­

posed  o f  d e n s e  l i m e s t o n e  p e b b l e s  i n  a c r y s t a l l i n e  l i m e s t o n e  m a t r i x .  Minor 

l i t h o l o g i c  z one s  w i t h i n  t h e  u n i t  a r e  a co lumnar  a l g a l  l i m e s t o n e  n e a r . t h e  

b d s e ,  t h i n  b r a c h i o p o d  l e n s e s  ab o u t  20 f e e t  a b o v e , and a l i m e s t o n e - p e b b l e  

: c o n g lo m e ra t e  l e d g e  n e a r  t h e  m i d d l e .  The t y p e  l o c a l i t y  f o r  t h e  Sage Pe b b le

C o ng lom era te  Member i s  t h e  s o u th  s l o p e  o f  C a s t l e  Rock which i s  a few m i l e s  

e a s t  o f  t h e  map a r e a  a t  t h e  mouth o f  t h e  E a s t  Fork  o f  M i l l  C re e k .  At t h e  

t y p e  l o c a l i t y  t h e  u n i t  i s  160 f e e t  t h i c k .

The Grove Creek  Member i s  t h e  y o u n g e s t  member o f  t h e  Snowy-Range 

F o r m a t io n  and r e p r e s e n t s  t h e  upperm ost  be ds  o f  t h e  Cambrian  sequence  in  

t h e  map a r e a .  The Grove Creek  was o r i g i n a l l y  d e s c r i b e d  as  a f o r m a t i o n  

(Dor f  and Lochmanl 1940) b u t  was l a t e r  i n c l u d e d  as  t h e  uppe r  member of  

t h e  Snowy Range F o r m a t io n  (Lochman-Balk ,  1956) .  The Grove Creek  c o n s i s t s  

o f  O t o  50 f e e t  o f  t h i c k - b e d d e d  l i m e s t o n e - p e b b l e  c o n g l o m e r a t e s , t h i n  s h a l e s ,  

and l i m e s t o n e s .  The low er  p a r t  o f  t h e  member i s  composed o f  t h i c k - b e d ­

ded l i m e s t o n e - p e b b l e  c o n g lo m e ra t e  i n t e r b e d d e d  w i th  a few t h i n  s h a l e s  and 

g r a y  l i m e s t o n e s .  The uppe r  p a r t  c o n s i s t s  o f  p l a t y  a r e n a c e o u s  d o l o m i t e ,
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l iray s i l t s t o n e s , and p u r e  l i m e s t o n e s  i n t e r c a l a t e d  w i th  v a r y i n g  amounts of  

s h a l e  (Lochman-Balk ,  1956 ) .

O r d o v i c i a n

Bigho rn  D o lom ite

The B igho rn  D o lom i te  f i r s t  a s s i g n e d  t o  t h e  Upper  O r d o v i c i a n  by 

D a r t o n  (1904 ,  p . 2 8 ) ,  d i s c o n f o r m a b l y  o v e r l i e s  t h e  Grove Creek  Member of  

t h e  Snowy Range F o r m a t io n .  Lower and Middld  O r d o v i c i a n  s t r a t a  a r e  a b s e n t .  

The B igho rn  i s  v e r y  p o o r l y  exposed  i n  t h e  map a r e a  and was mapped on the  

b a s i s  o f  f l o a t  and a few s c a t t e r e d  l e d g e s .  Where exposed  t h e  u n i t  i s  a 

b u f f  f i n e  t o  m ed ium -g ra ine d  d i f f e r e n t i a l l y  c r y s t a l l i n e  d o l o m i t e  c o n t a i n i n g  

abunda n t  c r i n o i d  s t e m s .  No o t h e r  f o s s i l s  were seen  in  t h e  B igho rn  o f  the  

map a r e a .  The w e a th e r e d  s u r f a c e  i n  some p l a c e s  shows a ro u g h ,  "honeycomb­

l i k e "  c h a r a c t e r .  No t h i c k n e s s  c ou ld  be d e t e r m i n e d  b u t  i s o p a c h s  (R ichards^and  

N i e s c h m i d t , 1957) i n d i c a t e  a t h i c k n e s s  o f  a b o u t  80 f e e t  i n  t h e  map a r e a .

The B ig h o r n  i s  g e n e r a l l y  much t h i c k e r  t o  t h e  s o u th  and e a s t  b u t  has  been 

p a r t i a l l y  removed by p o s t - O r d o v i c i a n  -  p r e - D e v o n i a n  e r o s i o n  ( R i c h a r d s  and 

N i e s c h m i d t , 1957) .

The B igho rn  o f  t h e  map a r e a  i s  p r o b a b l y  t h e  lower  u n i t  o f  the  B ighorn  

Do lom i te  which a t t a i n s  t h i c k n e s s e s  o f  o v e r  400 f e e t  i n  n o r t h - c e n t r a l  Wyoming. 

T h i s  low er  u n i t  i s  d e s c r i b e d  by R i c h a r d s  and N ie s ch m id t  (1957)  as  a m a s s iv e  

c l i f f - f o r m i n g  d o l o m i t e  which i s  somewhat m o t t l e d  y e l l o w i s h - g r a y  to  p a l e  

o r a n g e ,  i s  m i c r o c r y s t a l l i n e  t o  c o a r s e l y  c r y s t a l l i n e ,  and c o n t a i n s  a bundan t  

f r a g m e n t s  o f  c r i n o i d  s te m s ,  o r th o c o n e  c e p h a l o p o d s ,  and some b r a c h i o p o d s  and

c o r a l s .
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Devonian

S i l u r i a n  and E a r l y  and Middle  Devonian  t ime  i s  r e p r e s e n t e d  by an un­

c o n f o r m i t y  i n  t h e  map a r e a .  L a t e  Devonian  s t r a t i g r a p h i c  u n i t s  p r e s e n t  i n  

t h e  map a r e a  a r e  t h e  J e f f e r s o n  L im es tone  and t h e  o v e r l y i n g  T h re e  Forks  

S h a l e .  Because  o f  t h e  p a u c i t y  o f  e x p o s u r e s  t h e  two u n i t s  were mapped 

t o g e t h e r . (Du) .

J e f f e r s o n  L im e s to n e

The J e f f e r s o n  L im e s tone  o v e r l i e s  t h e  B igho rn  D o lom ite  d i s c o n f o r m a b l y  

i n  t h e  map a r e a .  P a r t s  o f  t h e  J e f f e r s o n  a r e  w e l l  exposed  be tween  E m ig ra n t  

Gulch and M i l l  Creek  b u t  n o t  w e l l  enough f o r  a s t r a t i g r a p h i c  s t u d y .  O u t ­

c ro p s  show a d a r k  g r a y  t o  b l a c k  medium-bedded t o  m a s s iv e  f i n e - g r a i n e d  d o l o -  

m i t i c  l i m e s t o n e .  The J e f f e r s o n  i s  g e n e r a l l y  w e a th e r e d  t o  a medium t o  d a r k  

brown c o l o r  and g i v e s  a " p e t r o l i f e r o u s "  odor  f rom f r e s h  f r a c t u r e s .  S o l u t i o n  

b r e c c i a s  and Amphipora a r e  common i n  some z o n e s .  An e x c e l l e n t  e x p o s u re  o f  

t h e  s o l u t i o n  b r e c c i a s  can be seen  i n  a r o a d - c u t  between  Chico Hot S p r i n g s  

and Old Chico  i n  s e c .  12, T. 6 S . ,  R. 8 E. No t h i c k n e s s  o f  t h e  u n i t  was 

m easu red  i n  t h e  map a r e a .

On t h e  E a s t  Fork  of  M i l l  C re e k ,  McMannis (1962)  m easu red  th e  J e f f e r s o n  

L im es tone  and r e p o r t e d  a t h i c k n e s s  o f  a b o u t  260 f e e t .  The upper  85 f e e t  

c o n s i s t s  o f  medium-to  c o a r s e - g r a i n e d  l i g h t - c o l o r e d  m a s s iv e  d o l o m i t e .  

A c c o r d in g  to  McMannis (1962 ,  p .  8) t h i s  uppe r  p a r t  i s  a lm o s t  i n v a r i a b l y  

s e p a r a t e d  from t h e  low er  more h e t e r o g e n e o u s  p a r t  by a s o l u t i o n  b r e c c i a  

a n d / o r  s h a l y  d o l o m i t e  zone o f  v a r y i n g  t h i c k n e s s .  The low er  p a r t  i s  medium- 

bedded and c o n t a i n s  s h a l e ,  l i m e s t o n e ,  d o l o m i t e ,  and s e v e r a l  s o l u t i o n  b r e c c i a
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z o n e s .  T h e re  i s  g e n e r a l l y  a l i t t l e  more l i m e s t o n e  and l e s s  d o l o m i t e  n e a r  

t h e  b a s e .

T h re e  F o rks  S h a l e

The Three  F o r k s  S h a l e  o v e r l i e s  t h e  J e f f e r s o n  L im es tone  confo rm ab ly  

and c o n s i s t s  o f  t h i n - b e d d e d  o range -b row n  s h a l e  i n t e r b e d d e d  w i t h  g r a y  t o  

o r a n g e - g r a y  d o l o m i t e .  The Three  F o r k s  i s  very,  p o o r l y  exposed  i n  t h e  map 

a r e a  e x c e p t  i n  a r o a d - c u t  be tween  Chico  Hot  S p r i n g s  and Old Chico i n  s e c .  

12, T.  6 S . ,  R. 8 E. The e x p o s u r e  c o n s i s t s  o f  t h i n - b e d d e d  o range -b row n  

s h a l e ,  i n t e r b e d d e d  g r a y  t o  o r a n g e - g r a y  d o l o m i t e ,  and some t h i n  beds  o f  

y e l l o w  c r o s s - b e d d e d  a r e n a c e o u s  d o l o m i t e .  The fo rm a t io n ,  was mapped on t h e  

b a s i s  o f  s c a t t e r e d  p i e c e s  o f  f l o a t  i n  t h e  cove re d  i n t e r v a l  above t h e  more 

r e s i s t a n t  J e f f e r s o n  L im e s to n e  and below t h e  l e d g e s  o f  t h e  Lodgepole  Lime­

s t o n e .

The n e a r e s t  measured  s e c t i o n  i s  t h a t  o f  McMannis (1962)  on the  

E a s t  Fork  o f  M i l l  C r e e k .  His  columnar  s e c t i o n  shows ab o u t  80 f e e t  o f  

o r a n g e - c o l o r e d  d o l o m i t e  w i t h  a t h i n  zone o f  o range -b row n  d o l o m i t i c  s h a l e  

n e a r  t h e  b a s e .

M i s s i s s i p p i a n

, M i s s i s s i p p i a n  s t r a t i g r a p h i c  u n i t s ,  o f  t h e  map a r e a  a r e  t h e  Lodge- 

p o l e  and M i s s i o n  Canyon l i m e s t o n e s ,  c o m p r i s i n g  th e  Madison Group and 

h a v in g  a combined t h i c k n e s s  o f  abou t  1000 f e e t .  Because  o f  poor  e x ­

p o s u r e s ,  t h e  two f o r m a t i o n s  were mapped as  a s i n g l e  u n i t  (Mmu) .
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Lodgepole  L imes to ne

The Lodgepole  L im e s tone  i s  E a r l y  M i s s i s s i p p i a n  i n  age and o v e r -  

l i e s  t h e  T h r e e  Forks  S h a l e  w i th  e r o s i o n a l  u n c o n f o r m i t y .  The Lodgepo le  

i s  w e l l  exposed  in  some p l a c e s  i n  t h e  map a r e a  b u t  most  o f  t h e  good 

o u t c r o p s  a r e  n e a r  an i g n e o u s  i n t r u s i v e  body.  C o n t a c t  metamorphistn and /  

o r  h y d r o t h e r m a l  a c t i v i t y  which may have been r e l a t e d  t o  f a u l t i n g  have 

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

F o r  example ,  a r i d g e  of  Lodgepo le  i n  s e c .  12; T.  6 S . ,  R. 8 E . ,  i s  

composed o f  v e r y  s i l i c e o u s  e x t r e m e l y  b r e c c i a t e d  l i m e s t o n e .  A l a r g e  

d e p o s i t  o f  t r a v e r t i n e  i s  exposed  on t h e  s o u th w e s t  end o f  t h e  r i d g e  

ab o u t  a q u a r t e r  o f  a m i l e  f rom t h e  h o t  s p r i n g s  a t  C h ico .  E l s e w h e re  i n  

t h e  map a r e a  t h e  Lodgepole  shows s i m i l a r  b u t  l e s s  e x t r em e  a l t e r a t i o n .

Where no h y d r o t h e r m a l  a n d / o r  c o n t a c t  metamorphism has  o c c u r r e d , s c a t ­

t e r e d  l e d g e  show a t h i n - b e d d e d  medium- t o  c o a r s e - g r a i n e d  g ray -b row n  

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

o c c a s i o n a l  S y r i n g o p o r a .  C h e r t  n o d u l e s  a r e  p r e s e n t  i n  some zones  and 

a r e  o r i e n t e d  more o r  l e s s  p a r a l l e l  t o  b e d d in g .

McMannis (1964,  p e r s o n a l  communica t ion)  found a t h i n  b l a c k  s i l t -  

s h a l e  zone a t  t h e  base  o f  t h e  Lodgepole  L im e s to n e  on t h e  E a s t  Fork  of 

M i l l  C reek  and r e p o r t s  t h a t  t h i s  zone i s  a l s o  p r e s e n t  i n  t h e  G a l l a t i n  Range.  

I t  i s  p r o b a b l y  t h e  same s h a l e  u n i t  d e s c r i b e d  by Sandbe rg  (1963 ,  p .  17) as 

h a v in g  a t h i c k n e s s  o f  ab o u t  12 f e e t  i n  t h e  w e s t e r n  B e a r t o o t h  Range and con­

s i s t i n g  o f ,  " d a r k - g r a y  t o  b l a c k  c a rb o n a c e o u s  d o l o m i t i c  q u a r t z o s e  s h a l e  and
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l i g h t  o l i v e - g r a y ,  y e l l o w i s h - b r o w n ,  y e l l o w i s h - g r a y ,  and d a r k  g r a y  d o l o m i t i c  

s i l t s t o n e  t h a t  g r a d e  t o  v e r y  s h a l y  and v e r y  s i l t y  d o l o m i t e " „

A columnar  s e c t i o n  ( R o b e r t s ,  1961) o f  t h e  Madison Group i n  t h e  lower  

canyon o f  t h e  Y e l lo w s to n e  R i v e r  n e a r  L i v i n g s t o n  i n c l u d e s  575 f e e t  o f  Lodge-  

p o l e  L i m e s t o n e T h i s  s e c t i o n  shows t h r e e  d i s t i n c t  p a r t s  o f  t h e  u n i t : A .

low er  p a r t  a b o u t  200 f e e t  t h i c k  composed o f  l i m e s t o n e  and d o l o m i t e  i n  

which c h e r t  z one s  a r e  common, a m idd le  p a r t  composed o f  more t h a n  300 

f e e t  o f  s i l t y  l i m e s t o n e  and d o l o m i t e  and f r a g m e n t a l  l i m e s t o n e ,  and an 

uppe r  p a r t  c o n s i s t i n g  o f  a b o u t  50 f e e t  o f  d o l o m i t e .

M i s s i o n  Canyon L im es tone

The M is s i o n  Canyon L im es tone  i s  E a r l y  M i s s i s s i p p i a n  i n  age and con­

f o rm a b ly  o v e r l i e s  t h e  Lodgepo le  L i m e s to n e ,  An a b r u p t  change  from the  t h i n  

beds  o f  t h e  uppe r  Lodgepo le  t o  t h e  m a s s iv e  beds  o f  t h e  low er  M is s io n  

Canyon i s  t h e  b a s i s  f o r  d e t e r m i n i n g  t h e  c o n t a c t  between t h e  two u n i t s . I n  

t h e  map a r e a ,  t h e  M is s i o n  Canyon L im e s to n e  i s  w e l l  exposed  as  s c a t t e r e d  

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

s t r a t i g r a p h i c  s t u d y .  Where e x p o s e d . t h e  u n i t  i s  a l i g h t  t o  d a r k  b r o w n i sh -  

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

and i s  v e r y  s i l i c e o u s  n e a r  c o n t a c t s  w i t h  d a c i t e  p o r p h y ry  i n t r u s i v e s .

I r r e g u I a,r c h e r t  n o d u l e s  o r i e n t e d  p a r a l l e l  t o  bed d in g  a r e  abunde n t  in  some 

z o t i e s , No f o s s i l s  were found  i n  t h e  M i s s i o n  Canyon i n  t h e  map a r e a .

A columnar  s e c t i o n  o f  t h e  Madison Group n e a r  L i v i n g s t o n  ( R o b e r t s ,  

1961,  p .  295) shows t h e  M i s s i o n  Canyon L im e s to n e  s u b - d i v i d e d  i n t o  two 

p a r t s .  The low e r  p a r t  i s  330 f e e t  t h i c k  and c o n s i s t s  m a i n l y  o f  d o l o m i t e
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and d o l o m i t i c  l i m e s t o n e .  Zones c o n t a i n i n g  abunda n t  c h e r t  n o d u l e s  a r e  p r e ­

s e n t  n e a r  t h e  m id d le  o f  t h i s  p a r t .  The u ppe r  p a r t  i s  32-5 f e e t  t h i c k  and 

c o n s i s t s  m o s t l y  o f  l i m e s t o n e  and d o l o m i t i c  l i m e s t o n e .  T h e re  a r e  some z one s  

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

s i l t y  l i m e s t o n e  and s i l t y  d o l o m i t i c  l i m e s t o n e  i n  t h e  uppe r  100 f e e t .

M i s s i s s i p p i a n  a n d . P e n n s y l v a n i a n

Beds o v e r l y i n g  th e  M i s s i o n  Canyon L im e s to n e  o f  M i s s i s s i p p i a n  age and

u n d e r l y i n g  t h e  Q u a d ra n t  F o r m a t io n  o f  P e n n s y l v a n i a n  age com pr i se  t h e  Amsden
}

F o r m a t i o n .  The Amsden was mapped as  a d i s t i n c t  s t r a t i g r a p h i c  I t n i t  (Ma ) i n  

t h i s  s t u d y .

Amsden F o r m a t io n

The Amsden F o r m a t io n  i s  p r o b a b l y  l a t e s t  M i s s i s s i p p i a n  and e a r l i e s t  

P e n n s y l v a n i a n  i n  age ( W i l l i a m s , 1948) and i s  exposed  a t  o n l y  one p l a c e  i n  

t h e  map a r e a .  T h i s  o u t c r o p  i s  i n  t h e  s o u th w e s t  p a r t  o f  s e c .  6 ,  T . 6 S . ,

R. 9 E . on t h e  n o r t h  s i d e  o f  t h e  mouth o f  C o n l i n  Gulch.  The Amsden con­

s i s t s  o f  n o n - r e s i s t a n t  beds  o f  r ed  s h a l e  and s i l t s t o n e  w i t h  i n t e r b e d d e d  

l i m e s t o n e  and v a r i c o l o r e d  s h a l e .  The f o r m a t i o n  w e a t h e r s  t o  a r e d  s o i l .

The Amsden i s . a l s o  p r e s e n t  i n  s e c .  5 ,  T.  6 S . ,  R. 9 E. b u t  i s  no t  e x ­

p o s e d .  At t h i s  l o c a t i o n  i t  was mapped on t h e  b a s i s  o f  a r e d  s o i l  s t r a t i -  

g r a p h i c a l l y  b e n e a t h  l e d g e s  o f  t h e  Quadran t  F o r m a t io n .  The w i d t h  of  t h e
. _ I

r e d  s o i l  zone and d i p  o f  t h e  Quadran t  i n d i c a t e s  a t h i c k n e s s  o f  75 t o  100 

f e e t  f o r  t h e  Amsden.

On C i n n a b a r  M oun ta in ,  a b o u t  25 m i l e s  so u th  o f  t h e  map a r e a ,  C. W. 

W il son  (1934)  m easu red  161 f e e t  o f  Amsden. At t h a t  l o c a t i o n  th e  f o r m a t i o n



21

c o n s i s t s  o f  f i n e - g r a i n e d  w h i t e  t o  g r a y  t h i n - t o  t h i c k - b e d d e d  l i m e s t o n e  w i th  

i n t e r b e d d e d  y e l l o w ,  g r e e n ,  and red  s h a l e  and m ass iv e  w h i t e  t o  b u f f  f i n e ­

g r a i n e d  s a n d s t o n e .  The b a s a l  p a r t  i s  m ed ium -g ra ine d  w h i t e  t o  r e d  sa nd ­

s t o n e  which c o n t a i n s  abu n d a n t  f r a g m e n t s  o f  t h e  u n d e r l y i n g  M is s io n  Canyon 

L i m e s to n e .  Most w o r k e rs  f e e l  t h a t  t h i s  i r r e g u l a r  c o n t a c t  be tween  the  

Amsden and t h e  M is s i o n  Canyon r e p r e s e n t s  d e p o s i t i o n  on a rough  k a r s t  t o p o g ­

r a p h y  which d e v e lo p e d  on t h e  M is s i o n  Canyon p r i o r  t o  Amsden d e p o s i t i o n „

P e n n s y l v a n i a n

Q uad ran t  F o r m a t io n

The Q u a d r a n t  F o r m a t io n  i s  P e n n s y l v a n i a n  in  age ( H e n b e s t ,  1954, p .  53) 

and con fo rm ab ly  o v e r l i e s  t h e  Amsden F o r m a t io n .  The Q u a d r a n t , mapped as  

Pq, i s  w e l l  exposed  i n  s e c .  5 ,  T.  6 S . ,  R. 9 E . and i s  p r e s e n t  under  a

cove re d  i n t e r v a l  a t  t h e  mouth o f  C o n l i n  Gulch .  I t  i s  a b s e n t  e l s e w h e r e  i n
,

t h e  map a r e a .  The one good e x p o s u r e  c o n s i s t s  of  l i g h t - y e l l o w i s h - g r a y  t o  

l i g h t - r e d d i s h  g r a y  f i n e - t o  m ed iu m -g ra in e d  l o c a l l y  q u a r t z i t i c  c r o s s - b e d d e d  

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

r e p o r t e d  by w o rk e rs  i n  o t h e r  a r e a s  a l t h o u g h  McMannis and Chadwick ( i n  p r e s s )  

r e p o r t  t h a t  t h e  lower  p a r t  o f  t h e  f o r m a t i o n  c o n t a i n s  ye l low -b row n  and g r a y  

d o l o m i t e  i n t e r b e d d e d  w i t h  q u a r t z  s a n d s t o n e  i n  t h e  G a r n e t  Mounta in  Quadranr
v . - ’V
■V - g l e .  Some f r a g m e n t s  o f  d o l o m i t e  were found n e a r  t h e  b a s e  o f  t h e  Q uadran t

■: V- i n  t h e  map a r e a  so p r o b a b l y  t h i s  i n t e r v a l  i s  p r e s e n t  b u t  n o t  e x p o s ed .  I n ­

t e r p o l a t i o n  be tw een  a t h i c k n e s s  o f  130 f e e t  on C in n a b a r  M ounta in  (C.W. 

W i l s o n ,  1934) and a t h i c k n e s s  o f  100 f e e t  n e a r  L i v i n g s t o n  ( R i c h a r d s ,  1957) 

s u g g e s t s  a ' t h i c k n e s s  o f  a b o u t  115 f e e t  f o r  t h e  Quadran t  F o r m a t io n  i n  t h e  

map a r e a .
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J u r a s s i c

The J u r a s s i c  E l l i s  Group i s  exposed  i n  t h e  map a r e a  and com pr i se s  t h e  

S a w to o th ,  R i e r d o n ,  and S w i f t  f o r m a t i o n s .  Each f o r m a t i o n  was mapped s e p a ­

r a t e l y  as  J s , J r ,  and J sw, r e s p e c t i v e l y .  The o n ly  p l a c e  i n  t h e  map a r e a  

where J u r a s s i c  s t r a t a  a r e  p r e s e n t  i s  on a low r i d g e  p a r a l l e l  t o  t h e  moun­

t a i n  f r o n t  d i r e c t l y  w e s t  o f  C o n l i n  Gulch i n  s e c .  6 ,  T.  6 S . ,  R. 9 E . Ex­

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

Sawtoo th  F o r m a t io n

The S a w too th  F o r m a t io n  i s  Midd le  J u r a s s i c  i n  age ( I m l a y , 1952, p.

948) and i s  t h e  b a s a l  u n i t  o f  t h e  E l l i s  Group.  I t  i s  r e p r e s e n t e d  by a 

cove re d  i n t e r v a l  n o r t h  o f  t h e  mouth o f  C o n l i n  Gulch and was mapped on th e  

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

i n  t h e  s o i l .

The S a w too th  F o r m a t io n  i s  e q u i v a l e n t  t o  t h e  P i p e r  F o r m a t io n  which 

i s  240 f e e t  t h i c k  n e a r  L i v i n g s t o n  ( R i c h a r d s ,  1957) and o v e r l i e s  t h e  Quad­

r a n t  F o r m a t i o n  d i s c o n f o r m a b l y .  Near  L i v i n g s t o n , t h e  P i p e r  c o n s i s t s  o f  a 

t h i n  b a s a l  s a n d s t o n e  and c o n g lo m e ra t e  o v e r l a i n  by a t h i c k  s h a l e  and l i m e ­

s t o n e  i n t e r v a l .  The c o n g lo m e ra t e  c o n t a i n s  a n g u l a r  c h e r t  p e b b l e s  as  much 

as  one i n c h  i n  d i a m e t e r  i n  a y e l l o w i s h - g r a y  c a l c a r e o u s  s a n d s t o n e  m a t r i x .

The l i m e s t o n e  i s  g r a y , p l a t y ,. and d e nse  and i s  f o s s i l i f e r o u s  n e a r  t h e  top  

o f  t h e  f o r m a t i o n .  The s h a l e s ;  a r e  g r a y ,  y e l l o w ,  g r e e n ,  and r e d  and i n c l u d e  

some s i l t y  z o n e s .

R i e rd o n  F o r m a t io n

The R i e r d o n  F o r m a t io n  i s  Middle  and L a t e  J u r a s s i c  i n  age ( I m l a y , 1952,
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p .  968) and i s  t h e  m idd le  u n i t  o f  t h e  E l l i s  Group.  The R i e rd o n  r e s t s  con­

f o r m a b ly  on t h e  Sawtoo th  F o r m a t io n .  A few t h i c k  l e d g e s  o f  t h e  u n i t  a r e  

exposed  d i r e c t l y  n o r t h  o f  t h e  mouth o f  C o n l i n  Gulch and c o n s i s t  of v e ry  

o o l i t i c  g r ay -b ro w n  l i m e s t o n e .  • These  l e d g e s  a r e  c h a r a c t e r i z e d  by l a r g e  t r a v  

e r t i n e  f i l l e d  f r a c t u r e s  which may s u g g e s t  h y d r o th e r m a l  a c t i v i t y .  The 

t h i c k n e s s  o f  t h e  R i e rd o n  F o r m a t io n  was n o t  m easured  i n  t h e  map a r e a  b u t  

R i c h a r d s  (1957) r e p o r t s  95 f e e t  of. R i e rd o n  c o n s i s t i n g  o f  g r a y  o o l i t i c  some­

what  c r o s s - b e d d e d  l e d g e - f o r m i n g  l i m e s t o n e  and o l i v e - g r a y  s h a l e  and s i l t -  

s t o n e  n e a r  L i v i n g s t o n .

S w i f t  F o r m a t io n

The u ppe r  u n i t  o f  t h e  E l l i s  Group i s  t h e  S w i f t  F o r m a t io n ,  of  L a t e  

J u r a s s i c  age ( I m l a y , 1952,  p .  9 6 8 ) .  I t  d i s c o n f o r m a b l y  o v e r l i e s  t h e  R i e r -  

don F d r m a t i o n .  The S w i f t  i s  t h e  y o u n g e s t  Mesozo ic  u n i t  exposed  i n  the  map 

a r e a  and t h e  o n l y  e x p o s u r e  i s  be tw een  C o n l i n  Gulch and M i l l  C reek ,  n e a r  

t h e  c e n t e r  o f  s e c .  6 ,  T.  6 S . ,  R. 9 E . T h i s  o u t c r o p  c o n s i s t s  o f  medium- 

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

g l a u c o n i t i c  f o s s i l i f e r o u s  s a n d s t o n e  t h a t  w e a t h e r  t o  a y e l l o w  g r a y  c o l o r .
«*

T h i s  d e s c r i p t i o n  i s  s i m i l a r  t o  t h o s e  o f  l i t h o l o g i e s  r e p o r t e d  by w o rk e rs  i n  

n e a rb y  a r e a s . T h i c k n e s s  o f  t h e  S w i f t  F o r m a t io n  cou ld  n o t  be measured in  

t h e  map a r e a  b e c a u s e  c o n t a c t s  a r e  n o t  exposed  b u t  R i c h a r d s  (1957)  r e p o r t s  

a t h i c k n e s s  o f  80 f e e t  f o r  t h e  u n i t  n e a r  L i v i n g s t o n .

Uppermost  J u r a s s i c  and C r e t a c e o u s

S c a t t e r e d  f r a g m e n t s  o f  t h e  M o r r i s o n  F o r m a t io n  (Upper  J u r a s s i c )  and 

t h e  K o o te n a i  F o r m a t io n  (Lower C r e t a c e o u s )  a r e  p r e s e n t  i n  Q u a t e r n a r y  g l a c i a l
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t i l l  d i r e c t l y  n o r t h  o f  t h e  mouth o f  C o n l i n  Gulch.  These  f o r m a t i o n s  may be 

p r e s e n t  a t  d e p t h  i n  t h e  map a r e a  and a r e  now cove red  by g l a c i a l  d e p o s i t s .  

Because  t h e y  a r e  n o t  exposed  and were no t  mapped, t h e y  w i l l  no t  be d i s c u s s ­

ed in  t h i s  p a p e r .

T e r t i a r y

Only two e x p o s u r e s  o f  T e r t i a r y  s e d im e n t s  a r e  p r e s e n t  i n  t h e  map a r e a .  

One i s  a s m a l l  p o o r l y  exposed  p a t c h  a b o u t  400 f e e t  above t h e  v a l l e y  f l o o r  

be tween  t h e  mouths o f  C o n l i n  Gulch and D a v i s  Gulch;  t h e  o t h e r  i s  an e x c e l ­

lent e x p o s u r e  a lo n g  a h i g h w a y - c u t  d i r e c t l y  n o r t h  o f  t h e  Wanigan i n  the  n o r t h ­

w es t  c o r n e r  o f  s e c .  3 ,  T . 6 S . ,  R . 8 E. ( s e e  f i g u r e  5 . ) .  At t h i s  second 

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

F i g u r e  5.  V e r t e b r a t e  f o s s i l  l o c a l e  n e a r  Wanigan.
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s i l t s t o n e  and c l a y s t o n e .  The s e d im e n t s  a r e  h i g h l y  t u f f a c e o u s ,  c o n t a i n  some 

sm a l l  f r a g m e n t s  of  b a s i c  e x t r u s i v e  ( a p h a n i t i c )  and i n t r u s i v e  i g n e o u s  r o c k ,  

and a r e  v e r y  n o n - r e s i s t a n t .  A t h i c k n e s s  o f  ab o u t  80 f e e t  o f  t h i s  d e p o s i t  

i s  exposed  b e n e a t h  a s h a rp  c o n t a c t  w i t h  o v e r l y i n g  g l a c i a l  t i l l  ( s e e  f i g u r e  

3 . ) .  The b a s e  i s  n o t  e x p o s e d .

V e r t e b r a t e  f o s s i l s  c o l l e c t e d  a t  t h i s  l o c a t i o n  have been i d e n t i f i e d  

as  l a t e  Miocene  -  e a r l y  P l i o c e n e  i n  age (Dr.  Bryan P a t t e r s o n  and Dr .  M o r r i s  

S k i n n e r ,  p e r s o n a l  comm unica t ion ,  1963) .  Among t h e s e  were :  ( I )  C a m e l id :

i n c i s o r  and f r a g m e n t a r y  p r e m a x i l l a ,  i n c o m p le t e  p o s t e r i o r  c e r v i c a l ,  and 

i n c o m p l e t e  a n t e r i o r  d o r s a l  and (2)  L a t e r  t h r e e  t o e d  h o r s e :  f r a g m e n t s  of

f o r e l i m b ,  d i s t a l  end o f  s c a p u l a ,  d i s t a l  end o f  humerus,  i n c o m p l e t e  p r o x i ­

mal end o f  r a d i u s ,  d i s t a l  p o r t i o n  o f  3 rd  - m e t a c a rp a l  w i t h  p ro x im a l  p h a l a n x ,  

and f r a g m e n t  o f  l a t e r a l  m e t a c a r p a l .  Because  t h e  spec imens  a r e  so w e l l  

p r e s e r v e d ,  f u r t h e r  work by p a l e o n t o l o g i s t s  a t  t h i s  l o c a l i t y  m ig h t  y i e l d  ■ 

a much more comple te  f a u n a .

The l a t e  Miocene -  e a r l y  P l i o c e n e  d a t e  f o r  t h i s  d e p o s i t  c o r r e l a t e s  

w i t h  t h e  age a s s i g n e d  t o  T e r t i a r y  s e d im e n t s  exposed  a t  t h e  White  C l i f f s ,  

s e v e r a l  m i l e s  s o u th  o f  t h e  Wanigan,.  (H o r b e r g ,  1940, p .  2 8 5 ) .  A g e n e r a l  

d e s c r i p t i o n  o f  t h a t  s e c t i o n  as  measured  by Montagne ( p e r s o n a l  communica­

t i o n ,  1963) i s  as  f o l l o w s :

v P l e i s t o c e n e  (?)  g r a v p l .
24 f e e t  L i g h t  t a n  s i l t , s t o n e  w i t h  some l a y e r s

o f  v e r y  t u f f a c e o u s  m a t e r i a l .  Sha rp  
c o n t a c t  w i th  o v e r l y i n g  g r a v e l ' .

12..6 f e e t  , Tan s i l t s t o n e  as  above b u t  w i th  t h i n
g r e e n i s h  c l a y e y  z o n e s .
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5 4 . 5  f e e t

1 6 .8  f e e t

2 7 . 8  f e e t

3 8 . 8  f e e t  

t o t a l  174 .5  f e e t
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M ass ive  t a n  s i l t s t o n e  w i t h  some sm a l l  
s h e l l  f r a g m e n t s ,  p o s s i b l y  g a s t r o p o d s ,

M ass ive  t a n  p o o r l y  bedded s i l i c e o u s  
c l a y s t o n e . Small  s h e l l  f r a g m e n t s  
common.

M ass ive  g r e e n i s h  s i l t s t o n e .  Many . 
sm a l l  s h e l l  f r a g m e n t s , p o s s i b l y  g a s ­
t r o p o d s  .

L i g h t  t a n  p o o r l y  bedded m ass iv e  s i l i ­
ceous  c l a y s t o n e .  H i g h l y  t u f f a c e o u s .  
Bottom n o t  exposed. '

The g r a v e l  o v e r l y i n g  t h e  l a t e  Miocene -  e a r l y  P l i o c e n e  s e d im e n t s  a t  

t h e  White  C l i f f s  c o n t a i n s  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  and i s  p o o r l y  

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

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

s e n t .  A few c o b b le s  r e s e m b l i n g  l i t h o l o g i e s  o f  t h e  P r e c a m b r i a n  B e l t  s e r i e s  

were a l s o  fo u n d .  The g r a v e l  i s  ab o u t  125 f e e t  t h i c k  and i s  o v e r l a i n  by 

o l i v i n e  b a s a l t .  The g r a v e l  and b a s a l t  o v e r l i e  p r o b a b l e  e a r l y ' P l i o c e n e  

s e d im e n t s  and u n d e r l i e  P l e i s t o c e n e  g l a c i a l  d e b r i s  so must  be P l i o c e n e  a n d /  

o r  P l e i s t o c e n e  i n  age .

At t h e  T e r t i a r y  e x p o s u r e  i n  s e c .  3 ,  T.  6 S . , R. 8 E. t h e  g r a v e l  and 

b a s a l t  d e s c r i b e d  above a r e  n o t  p r e s e n t .  I n s t e a d , t h e  T e r t i a r y  s e d im e n ts  

a r e  o v e r l a i n  by g l a c i a l  t i l l  ( see f i g u r e  6 ) .  The White  C l i f f s  a r e  on ly  a 

few m i l e s  f rom t h i s  e x p o s u r e  so i t  seems l i k e l y  t h a t  t h e  younger  g r a v e l  and 

t h e  b a s a l t  were once p r e s e n t  i n  t h e  map a r e a  and were removed by e r o s i o n  

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

t h e  White  C l i f f s  have been p r e s e r v e d  w hereas  t h o s e  n o r t h  o f  t h e  Wanigan 

were removed can p r o b a b l y  be a t t r i b u t e d  t o  t h e  r e s p e c t i v e  l o c a t i o n s .
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F i g u r e  6 .  G l a c i a l  t i l l  o v e r  T e r t i a r y  s e d im e n t s  n e a r  Wanigan.

The a r e a  n o r t h  o f  t h e  Wanigan i s  r e l a t i v e l y  n e a r  t o  t h e  mouth of  Em igran t  

Gulch where s t r e a m  e r o s i o n  m igh t  have been c o n s i d e r a b l e  w hereas  the  White  

C l i f f s  a r e  somewhat i s o l a t e d  from t h e  mouths o f  any m a jo r  g u l c h e s .

Q u a t e r n a r y

C o n s i d e r a b l e  q u a n t i t i e s  o f  u n c o n s o l i d a t e d  Q u a t e r n a r y  m a t e r i a l  a r e  

p r e s e n t  i n  t h e  map a r e a .  No a t t e m p t  was made t o  d i f f e r e n t i a t e  P l e i s t o ­

cene and R e c e n t  d e p o s i t s  i n  mapping b u t  t h e i r  ages  and o r i g i n s  w i l l  be 

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  under  t h e  h e a d in g  o f  geom orph ic  h i s t o r y .  

Q u a t e r n a r y  d e p o s i t s  mapped d u r i n g  t h i s  s t u d y  i n c l u d e  g l a c i a l  t i l l  (Qg^ 

and Qg2^* g l a c i a l  outwash  CQ0w), and o t h e r  a l l u v i a l  d e p o s i t s  CQa l ) .
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G l a c i a l  D e p o s i t s

In  t h e  map a r e a ,  g l a c i a l  t i l l  may be as  much as  200 f e e t  t h i c k  in  

some p l a c e s  and c o n s i s t s  o f  u n c o n s o l i d a t e d  u n s o r t e d  u n s t r a t i f i e d  c o a r s e  

d e b r i s .  The c o a r s e  f r a c t i o n  i s  c h a r a c t e r i z e d  by b o u l d e r s  g e n e r a l l y  l e s s  

th a n  one f o o t  i n  d i a m e t e r .  However, many e r r a t i c s  as  much as  30 f e e t  in  

d i a m e t e r  a r e  p r e s e n t  i n  t h e  map a r e a  ( s e e  f i g u r e  7 ) .  Most of  t h e s e  l a r ­

g e r  b o u l d e r s  a r e  g r a n i t i c  P r e ca m b r i a n  r o c k s .  The l i t h o l o g i e s  c o m p r i s in g  

most  o f  t h e  g l a c i a l  t i l l  i n c l u d e  v a r i o u s  t y p e s  o f  v o l c a n i c  r o c k , much 

P r e c a m b r i a n  s c h i s t  and g n e i s s ,  and a few s c a t t e r e d  f r a g m e n t s  o f  T e r t i a r y  

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

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

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

F i g u r e  7 .  Large  e r r a t i c  n e a r  t h e  mouth of  E m ig r a n t  Gulch .
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e x a m p l e , n e a r  t h e  mouth o f  E m ig r a n t  Gulch t h e  t i l l  i s  composed m o s t l y  o f  

l o c a l l y  d e r i v e d  i n t r u s i v e  r o c k ,  v o l c a n i c  b r e c c i a ,  and g r e e n  s c h i s t .  F u r ­

t h e r  n o r t h  a lo n g  t h e  m o u n ta in  f r o n t ,  be tween  Chico  and M i l l  C reek ,  t h e  t i l l  

c o n t a i n s  a h i g h  p e r c e n t a g e  o f  d a c i t e  p o r p h y ry  and P a l e o z o i c  and Mesozoic  

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

ijiost o f  t h e  map a r e a ;  however ,  n e a r  t h e  t e r m i n u s  o f  g l a c i a l  d e p o s i t s  n o r t h  

o f  t h e  mouth o f  M i l l  Creek  a s i l t y  t o  f i n e  sandy m a t r i x  a p p e a r s  t o  com­

p r i s e  t h e  g r e a t e r  vo lume.

G l a c i o f T u v i a l  D e p o s i t s

Two ou twash p l a i n s ,  which w i l l  be d i s c u s s e d  in  d e t a i l  l a t e r  i n  t h i s  

p a p e r ,  a r e  p r e s e n t  i n  t h e  uppe r  Y e l lo w s to n e  V a l l e y .  G l a c i o f l u v i a l  d e p o s i t s  

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

c o b b l e s  i n  a s i l t y  t o  sandy m a t r i x .  I n  c r o s s - s e c t i o n  t h e  outwash  m a t e r i a l  

shows a p o o r l y  d e v e lo p e d  b u t  d i s t i n c t  bed d in g  w i t h  numerous sand and s i l t  

l e n s e s .  I n  some p l a c e s  a s l i g h t  i m b r i c a t i o n  t o  t h e  n o r t h  i s  p r e s e n t  i n  t h e  

c o a r s e  f r a c t i o n .  L i t h o l o g i c a l l y  t h e r e  a p p e a r s  t o  be no d i f f e r e n c e  be tw een  

t h e  ou twash and m o r a i n a l  d e p o s i t s .

O t h e r  A l l u v i a l  D e p o s i t s

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

s e n t  a t  s e v e r a l  p l a c e s  i n  t h e  map a r e a .  They w i l l ,  b e c a u s e  o f  t h e i r . geo -  

m orph ic  i m p l i c a t i o n s ,  be d e s c r i b e d  l a t e r  i n  t h i s  p a p e r  i n  t h e  d i s c u s s i o n  

o f  geom orph ic  p r ob le m s  o f  t h e  uppe r  Y e l lo w s to n e  V a l l e y .



TECTONIC SETTING

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

i n t e r p r e t a t i o n s  w i t h i n  t h e  map a r e a  which i n c l u d e s  p a r 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  Sou th  Snowy b l o c k  o f  t h e  E jea r too th  Range and a c o n s i d e r a b l e
I .

a r e a  on t h e  f l o o r  o f  the.  uppe r  Y e l lo w s to n e  V a l l e y .  The v a l l e y  i s  bounded 

on t h e  ,west by t h e  G a l l a t i n  Range and on t h e  e a s t  by t h e  B e a r t o o t h  m a s s i f .  

N o r t h w e s t -  and n o r t h e a s t - t r e n d i n g  f a u l t s  and a s s o c i a t e d  f o l d s  a r e  the  

dom inan t  s t r u c t u r a l  f e a t u r e s  i n  t h e  G a l l a t i n  and B e a r t o o t h  r a n g e s  and in  

n e a rb y  a r e a s  ( s e e  f i g u r e  8 ) .

Most o f  t h e  G a l l a t i n  Range i s  cove re d  by a t h i c k  s equence  o f  v o l ­

c a n i c  m a t e r i a l  which has  n o t  been  s i g n i f i c a n t l y  a f f e c t e d  by Laramide 

com press i g n a l  d e f o r m a t i o n .  These  v o l c a n i c s  a r e  m o s t l y  b r e c c i a s  and f lo w s  

t h a t  a c c u m u la t e d  on ah e f o s i o n a l  s u r f a c e  w i t h  l o c a l  r e l i e f  o f  as  much as  

3000 f e e t  (McMannis, p e r s o n a l  comm unica t ion ,  1964) .  They a r e  p r o b a b l y  

p r e s e n t  u nde r  T e r t i a r y  and R e c e n t  s e d im e n t s  o f  m os t ,  i f  n o t  a l l ,  o f  t h e  

u ppe r  Y e l lo w s to n e  V a l l e y .  A l though  t h e  age o f  t h e s e  b r e c c i a s  and f low s  

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

may c o r r e l a t e  w i t h  t h e  e a r l y  b a s i c  b r e c c i a s  o f  e a r l y  m id d le  Eocene age 

( D o r f , 1960) i n  Y e l lo w s to n e  N a t i o n a l  P a r k .

^  B o r d e r i n g  t h e  n o r t h  end of  t h e  u ppe r  Y e l lo w s to n e  V a l l e y  i s  a p o s i t i v e  

s t r u c t u r a l  a r e a  o f  P r e Cambrian,  P a l e o z o i c ,  and Mesozoic r o c k s  t h ro u g h  which 

t h e  Y e l lo w s to n e  R iv e r  ha s  c u t  a na r row  canyon.  West o f  t h e  canyon,  i n  t h e  

Canyon M ounta in  a r e a ,  t h e  P a l e o z o i c  and Mesozo ic  s t r a t a  a r e  de formed  by 

n o r t h w e s t - t r e n d i n g  f o l d s  and low a n g le  t h r u s t  f a u l t s .  E a s t  o f  t h e  canyon 

i n  t h e  n o r t h w e s t  c o r n e r  o f  t h e  B e a r t o o t h  m a s s i f ,  t h e  s t r u c t u r e s  a r e  m o s t l y
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n o r t h w e s t -  and n o r t h e a s t - t r e n d i n g  h ig h  a n g le  f a u l t s . These  f a u l t s  s e p a ­

r a t e  t h e  B e a r t o o t h  u p l i f t  f rom t h e  C razy  M ounta in  s y n c l i n e  ( s e e  f i g u r e  8 ) ,  

a n o r t h w e s t - t r e n d i n g  complex s t r u c t u r a l  b a s i n .

The B e a r t o o t h  Range was u p l i f t e d  a lo n g  f a u l t s ^ a v i n q - no r t h e a s t ' and 

no r t h w e s t  t r e n d s . Movement a lo n g  one o f  t h e s e ,  t h e  Deep Creek  f a u l t ,  which 

was f i r s t  d e s c r i b e d  by Lammers ( 1 9 3 7 ) ,  has  p roduced  much o f  t h e  s t r u c t u r a l  

and t o p o g r a p h i c  r e l i e f  be tw een  t h e  B e a r t o o t h  b l o c k  and t h e  uppe r  Ye l low­

s t o n e  V a l l e y .  E x p r e s s i o n s  o f  r e c e n t  movement on t h i s  f a u l t  can be seen
• - 1

where en e c h e l o n  s c a r p s  c u t  a l l u v i a l  f a n s  em a n a t in g  from t h e  m oun ta in  f r o n t .  

These  r e c e n t  s c a r p s  a r e  p r e s e n t  i n  many p l a c e s  i n c l u d i n g  t h e  f a n s  of  Deep 

Creek  and B arney  Creek  n e a r  t h e  n o r t h  end o f  t h e  v a l l e y ,  and i n  a l l u v iu m  

n e a r  t h e  mouth o f  Yankee J im  Canyon a t  t h e  s o u th  end o f  t h e  v a l l e y .  At 

t h e  n o r t h  end o f  t h e  uppe r  Y e l lo w s to n e  V a l l e y ,  t h e  Deep Creek  f a u l t  l o s e s  

i t s  i d e n t i t y  i n  a s t r u c t u r a l l y  complex a r e a  be tw een  Canyon M ounta in  and t h e  

n o r t h w e s t  c o r n e r  o f  t h e  B e a r t o o t h  m a s s i f .  The h ig h  a n g le  f a u l t s  a long  t h e  

n o r t h w e s t  c o r n e r  o f  t h e  B e a r t o o t h  m a s s i f  as  opposed t o  t h e  low a n g le  t h r u s t s  

o f  t h e  Canyon M ounta in  a r e a  s u g g e s t  t h a t  t h e  B e a r t o o t h  b l o c k  was a l r e a d y  

t o p o g r a p h i c a l l y  h i g h e r  t h a n  t h e  Canyon Mounta in  a r e a  when Laramide  com­

p r e s s i o n  began  (W. J .  McMannis ,  p e r s o n a l  communica t ion ,  1964 ) .  Because 

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

a r e a s ,  i t  may p r e - d a t e  t h e  s t r u c t u r e s  w i t h i n  them. T h i s  c o n c e p t  a g r e e s  

w i t h  t h a t  o f  R i c h a r d s  (1957) who s u g g e s t s  t h a t  t h e  Deep Creek  f a u l t  has  

been  o f f s e t  by one o f  t h e  n o r t h w e s t - t r e n d i n g  h ig h  a n g le  r e v e r s e  f a u l t s .  A 

n o r t h e a s t - t r e n d i n g  d i s t u r b e d  zone n o r t h  o f  L i v i n g s t o n ,  i n  t h e  Crazy  Moun-' 

t a i n  B a s in ;  p r o j e c t s ,  s o u thw e s tw a rd  on l i n e  w i th  t h e  Deep Creek  f a u l t .
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West o f  t h i s  z one ,  s t r u c t u r a l  c o n t o u r s  s u g g e s t  t h a t  Upper C r e t a c e o u s  and 

P a l e o c e n e  s t r a t a  t h i c k e n  a b r u p t l y  (Dobbin and Erdman, 1955 ) .  R o b e r t s  ,

C 1963) r e p o r t s  more t h a n  13,-000 f e e t  o f  s t r a t a  o f  t h i s  i n t e r v a l  nea r  

L i v i n g s t o n .  T h i s  i m p l i e s  t h a t  t h e  w e s t e r n  p a r t  o f  t h e  Crazy  Mountain 

b a s i n  s u b s i d e d  much f a s t e r  t h a n  t h e  e a s t e r n  p a r t  d u r i n g  L a t e  C r e t a c e o u s  and 

P a l e o g e n e  t i m e .  I f  t h i s  zone i s  a n o r th w a r d  e x t e n s i o n  o f  t h e  Deep Creek 

f a u l t ,  and i f  movement was c on tem poraneous  a lo n g  b o th  o f  them, i n i t i a l  ■ 

u p l i f t  o f  t h e  w es t  s i d e  o f  t h e  B e a r t o o t h  b l o c k  cou ld  have happened  as  e a r l y  

as  L a t e  C r e t a c e o u s  t i m e .  Most w o rk e rs  s u g g e s t  t h a t  m a jo r  u p l i f t  o f  t h e  

B e a r t o o t h  b l o c k  began i n  m id d le  o r  l a t e  P a l e o c e n e  t im e  and c u lm in a t e d  i n  

t h e  e a r l y  Eocene on th e  b a s i s  o f  e v i d e n c e  found alo'ng t h e  n o r t h  and e a s t  

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

a p p l i c a b l e  t o  t h e  w e s t  s i d e  o f  t h e  m a s s i f ,  however ,  b e c a u s e  a l l  s i d e s  of  

t h e  B e a r t o o t h  Range need n o t  have been  u p l i f t e d  c o n c u r r e n t l y ,  

rjf Major  s t r u c t u r a l  f e a t u r e s  w i t h i n  t h e  B e a r t o o t h  Range i n c l u d e  the  

Cooke C i t y  zone and t h e  M i l l .  Creek  f a u l t  zone which conve rge  n e a r  the  

mouth o f  M i l l  Creek  Canyon.  The_Cgoke  C i t y  zone i s  a p r o m i n e n t ,  s t r u c t u r -  

a-Hy^low,  n o r t h e a s t - t r e n d i n g  l i n a m e n t  o f  f a u l t s  and s h e a r  z o n e s (Foose ,

Wise, and G a r b a r i n i , 1961 ) .  Th e J M i l l  Creek  f a u l t  zone t ren_d.s_w&sJL_and__

n̂ o r t h w e s t  a lo n g  th e  Mi l l —C-ree-k—d-ra lnaqe and s e p a r a t e s  t h e  upthrown N o r t h 

Snowy—b-Lock from t h e down-t-h-r-own Sou th  Snowy b l o c k  ( J . T.  W i l s o n ,  1937) .

P a r t  o f  t h e  map a r e a  i n c l u d e s  P a l e o z o i c  and Mesozoic  s t r a t a  which have 

been  p r e s e r v e d  on t h e  s o u t h e r n  downthrown s i d e  o f  t h e  M i l l  Creek  f a u l t

z one .



STRUCTURE '

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

n o r t h -  and n o r t h w e s t - d i p p i n g  P a l e o z o i c  and Mesozo ic  s t r a t a  deformed  by . 

f a u l t s  o f  u n c e r t a i n  a g e , o r i g i n ,  and c l a s s i f i c a t i o n .  D i p s . on t h e s e  beds  

r a n g e  from 30°  t o  50°  e x c e p t  n e a r  c o n t a c t s  w i t h  a l a r g e  i n t r u s i v e  body.

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

s i d e r a b l y .  The most  e x t r e m e  example  o f  t h i s ,  i s  i n  a sm a l l  b l o c k  of  P a l e o ­

z o i c  S t r a t a  n e a r  Chico  Hot S p r i n g s  where beds  a r e  v e r t i c a l  t o  o v e r t u r n e d  

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

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

o f  d a c i t e  p o r p h y ry  be tween  E m ig ra n t  Gulch and M i l l  C reek .

F a u l t s  mapped a r e  o f  two g e n e r a l  t y p e s ;  f a u l t s  d i a g o n a l  o r  normal  ■ 

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

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

t h e  g e n e s i s  o f  a t  l e a s t  some o f  t h e s e  f a u l t s .

F a u l t s  d i a g o n a l  o r  normal  t o  i g n e o u s  c o n t a c t s  were mapped on th e  

b a s i s  o f  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  o b s e rv e d  a long  t h e  n o r t h  s i d e  o f  Con- 

I i n  Gulch i n  s e c t i o n s  6  and 7,  T.  6  S,-, R. 9 E. T h e i r  a p p a r e n t  t r e n d  i s  

p a r a l l e l  t o  t h e  B e a r t o o t h  m o u n ta in  f r o n t  b u t  e x p o s u r e s  a r e  p o o r  and t o p o ­

g r a p h i c  e x p r e s s i o n  i s  l a c k i n g  so t h e i r  n o r t h e a s t  t r e n d  i s  n o t  c e r t a i n .  On 

c r o s s - s e c t i o n  B-B'*' and on t h e  map t h e y  a r e  shown as  v e r t i c a l  f a u l t s  b u t  

e v i d e n c e  i s  i n s u f f i c i e n t  t o  e s t a b l i s h  t h i s .  Of t h e  f o u r  f a u l t s  mapped, two 

have a p p a r e n t  dow n th row  on t h e  wes t  and two have a p p a r e n t  downthrow on th e

e a s t  ( s e e  c r o s s - s e c t i o n  B-B*-). The n e t  r e s u l t  o f  t h e s e  movements i s  a t
♦ 1

l e a s t  2000 f e e t  o f  s t r a t i g r a p h i c  up th row t o  t h e  e a s t , .  The w e s t e r n - m o s t
•1 :
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I
'I?'*!'

f a u l t  m apped , i n  s e c .  6 , T.  6  S . ,  R.. 9 .  E . ,  may be o f  p a r t i c u l a r  impor­

t a n c e .  T h i s  f a u l t  may e x t e n d  sou thward  a lo n g  t h e  i g n e o u s  c o n t a c t  i n t o  

s e c .  12, T .  6  S . ,  R. 8  E.  I f  so,  i t  i s  l i k e l y  t h a t  t h e r e  i s  a f u l l  s e c ­

t i o n  o f  P a l e o z o i c  and M esozo ic  s t r a t a  downthrown and p r e s e r v e d  w e s t  of  t h e  

f a u l t  be tw een  Chico  Hot S p r i n g s  and C o n l i n  Gulch ( s e e  c r o s s - s e c t i o n  C - C * ) . 

I f  t h i s  i s  t h e  c a s e ,  t h e  f a u l t  i s  e i t h e r  a s t r i k e - s l i p  f a u l t  o r  a normal 

f a u l t  a lo n g  which t h e  p o r p h y r y  m ig h t  have been i n t r u d e d .  Whether  t h e  f a u l t  

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

f r o n t  i s  unknown b u t  i n  e i t h e r  ca se  i t  has  c o n t r i b u t e d  a b o u t  1 1 0 0  f e e t  o f  

p o s i t i v e  s t r u c t u r a l  r e l i e f  t o  t h e  m o u n ta in  f r o n t .  F i e l d  e v i d e n c e  i s  to o  

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

e c h e l o n  movements '  a lo n g  t h e  Deep Creek  f a u l t  o r  a r e  r e l a t e d  t o  t h e  f o r c e s  

o f  i n t r u s i o n .  I f  t h e y  were c o n c u r r e n t  w i t h  i n t r u s i o n  o r  i f  t h e y  a r e  p o s t -  

i n t r u s i v e  i t  i s  p r o b a b l e  t h a t  t h e  i n t r u s i v e  would be o f f s e t  a lo n g  them.

Only one o f  t h e s e  i s  known t o  o f f s e t  t h e  i n t r u s i v e  ( s e e  c r o s s - s e c t i o n  

B-B*) .  P o s t - i n t r u s i v e  movement on t h i s  f a u l t  amounts t o  a b o u t  50 f e e t .  

T h e r e f o r e  i t  i s  most  l i k e l y  t h a t  t h e  g r e a t e s t  movement oh t h e s e  f a u l t s  

o c c u r r e d  b e f o r e  t h e  i n t r u s i v e  p o r p h y r y  was emplaced .

F a u l t s  s t r i k i n g  p a r a l l e l  t o  i g n e o u s  c o n t a c t s  a p p e a r  t o  be h i g h -  

a n g le  no rmal  f a u l t s  o f  g e n e r a l l y  sm a l l  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  ( s e e  

c r o s s - s e c t i o n  A-A*) and can be te rmed  u p t h r u s t s  a f t e r  B i l l i n g s  (1959 ,  

p . 195 ) .  One u p t h r u s t  o f  l a r g e  d i s p l a c e m e n t  i s  mapped in  s e c .  7,  T.  6  S . ,  

R, 9 E . on t h e  n o r t h  s i d e  o f  C o n l i n  Gulch where Lodgepole  L im es tone  i s  in  

f a u l t  c o n t a c t  w i t h  Meagher  L i m e s to n e .  The 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 i s  f a u l t  i s  a t  l e a s t  1200 f e e t .  U p t h r u s t s  o f  l e s s e r  d i s p l a c e m e n t  were
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mapped i n  s e c t i o n s  3 and 8 , T . 6  S . ,  R . 9 E . A l though  p o o r  e x p o s u r e s  

l i m i t e d  t h e  mapping  o f  t h e s e  f a u l t s  and a l t h o u g h  t h e i r  e x a c t  d i p  a n g le s  

and amounts  o f  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  cou ld  n o t  be d e t e r m i n e d ,  t h e y  

seem t o  be n e a r l y  p a r a l l e l  t o  t h e  i g n e o u s  c o n t a c t .  The upthrown s i d e  o f  

e a c h  u p t h r u s t  i s  toward  t h e  p o r p h y r y  so i t  i s  p o s s i b l e  t h a t  t h e  f o r c e s  

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

movement a lo n g  t h e s e  f a u l t s .

The m ec h a n ic s  o f  i n t r u s i o n  have n o t  been d e f i n i t e l y  e s t a b l i s h e d  b u t  

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

d a c i t i c  magma, s p r e a d s  o u t  i n t o  n o n r e s i s t a n t  M iddle  Cambrian s t r a t a  as  

h a l f -d o m e d  c o n c o r d a n t  boc j i e s .  The P a l e o z o i c  and "Mesozoic r o c k s  were 

upwarped and f a u l t e d  by t h e  outward  p r e s s u r e  f rom th e  i n t r u s i o n  ( see  

c r o s s  s e c t i o n s  A-A*, C-C*, and D-D*),  I n  most  o f  t h e  map a r e a ,  t h e  con­

t a c t  between  ig n e o u s  and s e d i m e n t a r y  r o c k s  i s  p a r a l l e l  o r  n e a r l y  p a r a l l e l  

t o  bed d in g  ( s e e  f i g u r e  4 ) .  The s o u r c e  o f  t h e  magma i s  n o t  known b u t  i t  

i s  presumed t o  have  o r i g i n a t e d  a t  d e p t h  i n  o r  below t h e  P r e c a m b r i a n  m e ta -  

m o rp h ic  ro ck  and t o  have moved t o  t h e  t o p  o f  t h e  P r e c a q ib r i a n  t h ro u g h  a 

f i s s u r e  o r  s e r i e s  o f  f i s s u r e s .  I t  i s  l i k e l y  t h a t  t h e  magma u t i l i z e d  

f a u l t s  i n  t h e  basem en t  r o c k  t o  move upward . A l o g i c a l  p l a c e  f o r  such 

ig n e o u s  c o n d u i t s  would be n e a r  t h e  mouth o f  M i l l  Creek  Canyon, where t h e  

Cooke C i t y  z o n e , t h e  M i l l  Creek  f a u l t  zone ,  and t h e  Deep Creek  f a u l t  con­

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

p o r p h y r y  c l o s e l y  a s s o c i a t e d  w i t h  t h e  M i l l  Creek  f a u l t  zone alopdf MillCreek 

and i t s  e a s t  f o r k  C J ^  T. ,W il son ,  u n p u b . .,Ph„D. t h e s i s ,  P r i n c e t o n  U n i v e r s i t y ,  

1937) .  L a c k ing  e v i d e n c e ,  I  d i d  n o t  map t h e  Deep Creek  f a u l t  between
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E m ig r a n t  Gulch and M i l l  C re e k ,  b u t  i t s  p r e s e n c e  a lo n g  much o f  t h e  m oun ta in  

f r o n t  i m p l i e s  t h a t  i t  s h ou ld  a l s o  be p r e s e n t  i n  t h e  map a r e a .  I f  so,  i t

i s  p o s s i b l e  t h a t  t h e  i n t r u s i v e  u t i l i z e d  t h e  f a u l t  as  f a r  s o u th  as Chico 

Hot  S p r i n g s .  The Lodgepole  L im es tone  a lo n g  t h e  i g n e o u s  c o n t a c t  n e a r  t h e  

Hot  S p r i n g s  ha s  d i p s  r a n g i n g  from v e r t i c a l  t o  o v e r t u r n e d .  T h i s  cou ld  be 

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

from r a n g e  f r o n t  f a u l t i n g .  O the r  l i n e s  o f  e v i d e n c e  f o r  r a n g e  f r o n t  

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

t h e  R i e r d o n  f o r m a t i o n  i n  s e c .  6 , T.  6  S . ,  R. 9 E . ,  t h e  h o t  s p r i n g s  a t  

C h ic o ,  a t r a v e r t i n e  d e p o s i t  i n  t h e  Lodgepo le  L im es tone  in  s e c .  12,

T .  6  S . ,  R . B E . ,  and a c a l c a r e o u s  t a l u s  b r e c c i a ,  s p r i n g ,  and r e c e n t  

s c a r p  (M ontagne , p e r s o n a l  comm unica t io n ,  1964) on t h e  B l a k e s l e e  Ranch 

d i r e c t l y  s o u th  o f  t h e  mouth o f  E m ig r a n t  G u lch .  The t r a v e r t i n e  d e p o s i t s  

and t h e  s p r i n g s  s u g g e s t  t h a t  f a u l t i n g  has  o c c u r r e d  bu t  do n o t  n e c e s s a r i l y  

i n d i c a t e  t h e  l o c a t i o n  o f  t h e  f a u l t C s ) , The age r e l a t i o n s h i p  between 

m a j o r  f a u l t s  and i n t r u s i o n  i n  t h e  M i l l  Creek  a r e a  i s  n o t  c e r t a i n .

J .  T.  W il son  ( u n p u b l i s h e d  Ph .D .  t h e s i s ,  P r i n c e t o n  U n i v e r s i t y ,  1937) 

r e p o r t e d  t h a t  i n t r u s i v e s  a r e  n o t  d i s t u r b e d  by m a jo r  f a u l t s  i n  t h e  M i l l  

C r e e k - S t i I ! w a t e r  a r e a .  However , r e c e n t  e x p r e s s i o n s  o f  u p l i f t  a long  the  

Deep Creek f a u l t  n o r t h  and s o u th  o f  M i l l  Creek  i n d i c a t e  p o s t - i n t r u s i v e  

movement a l o n g  t h e  m o u n ta in  f r o n t .  I f  t h e  i n t r u s i v e  were n o t  i n v o lv e d  i n  

m a jo r  u p l i f t  and i f  m a jo r  u p l i f t  c u l m i n a t e d  i n  t h e  m id d le  E o c e n e , as  

s u g g e s t e d  by F o o s e ,  a n d . o t h e r s  ( 1 9 6 1 ) ,  t h e  i n t r u s i v e s  i n  t h e  map a r e a  a r e  

l a t e  Eocene  o r  y o u n g e r .



IGNEOUS GEOLOGY

The i n t r u s i v e  d a c i t e  p o r p h y ry  d i s c u s s e d  unde r  t h e  p r e v i o u s  h e a d in g  i s  

exposed  a c r o s s  t h e  e n t i r e  s o u t h e a s t  s i d e  o f  t h e  map a r e a  where i t  forms 

t h e  a r e a s  o f  h i g h e r  e l e v a t i o n s .  The P a l e o z o i c - i n t r u s i v e  c o n t a c t  c o i n c i d e s  

w i t h  a s e r i e s  o f  t o p o g r a p h i c  s a d d l e s  s e p a r a t i n g  th e  s t e e p  s l o p e s  on t h e  

i n t r u s i v e  r o c k  from t h e  l o w e r ,  more subdued to p o g ra p h y  formed by P a l e o z o i c  

s e d i m e n t a r y  r o c k .  T h i s  i n t r u s i v e  i s  one o f  s e v e r a l  i n  t h e  M i l l  C reek -  

S t i l l w a t e r  a r e a ,  a l l  o f  which have a lm o s t  i d e n t i c a l  c o m p o s i t i o n s  

( J .  T.  W i l s o n ,  u n p u b l i s h e d  Ph.D.  t h e s i s ,  P r i n c e t o n  U n i v e r s i t y ,  1937) .  

T h i n - s e c t i o n s  were made from spec im ens  c o l l e c t e d  n e a r  Ch ico  i n  t h e  w e s t -  

c e n t r a l  p a r t  o f  s e c .  12, T.  6  S . ,  R. 8  E. on th e  5 6 0 0 - f o o t  c o n t o u r ,  i n  

t h e  n o r t h w e s t  c o r n e r  o f  s e c .  17, T. 6  S . ,  R. 9 E. a t  t h e  head o f  C on l in  

Gulch on t h e  7 3 2 0 - f o o t  c o n t o u r ,  and i n  t h e  c e n t e r  o f  s e c .  9 ,  T. 6  S . ,

R. 9 E.  a t  t h e  head o f  D a v i s  Gulch on t h e  6 5 6 0 - f o o t  c o n t o u r .  A d e t a i l e d  

p e t r o l o g i c  a n a l y s i s  was n o t  a m a jo r  o b j e c t i v e  o f  t h i s  s t u d y ,  so on ly  a 

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

s i m i l a r  c o m p o s i t i o n s  w h i c h  a r e  g e n e r a l i z e d  below.

P h e n o c r y s t s - - 2 5 %  t o  40%

P l a g i o c l a s e  (zoned)  -  50% t o  80%,

Measured by e x t .  Z . -  14° t o  20° ,  b i a x .  neg .

H ornb lende  -  10% t o  15%, p r i s m a t i c ,  h ig h  b i r e f r i n g e n c e ,
m o d era te  p l e o c h r o i s m  (med. g r e e n  t o  d a r k  g r e e n ) ,  
opaque m i n e r a l s  i n  a l t e r e d  e d g e s ,  some tw i n n in g .

B i o t i t e  -  10% t o  20%, p l a t y ,  h ig h  b i r e f r i n g e n c e ,  s t r o n g  
p l e o c h r o i s m  (med.  brown to  d a r k  brown)

Q u a r t z  -  0% t o  10%



Ground m.ass;  60% t o  75%

P l a g i o c l a s e  -  80% t o  85%
K - ^ e l d s p a r  -  5% to  10%, a p p ro x ,  by Becke l i n e  method.
F e r r o m a g n e s i a n s  -  5% to  10%
Opaques -  a b o u t  5%, c o n c e n t r a t e d  a round f e r r o m a g n e s i a n  .

m i n e r a l s ,  i n  a l t e r a t i o n  r im .

The r o c k  i s  h e r e  c a l l e d  a d a c i t e  p o r p h y ry  on t h e  b a s i s  o f  t e x t u r e  and com­

p o s i t i o n  a c c o r d i n g  t o  Wahlst rom (1955,  p .  3 0 7 ) .

O t h e r ,  more b a s i c  i g n e o u s  r o c k  i s  p r e s e n t  i n  a sm a l l  e x p o s u r e  i n  

t h e  n o r t h e a s t  c o r n e r  o f  s e c .  6 , T. 6 ' S . ,  R. 9 E. on a low subdued r i d g e  

p a r a l l e l i n g  t h e  m o u n ta in  f r o n t . W is c o n s in  p iedmont  i c e  ha s  smoothed t h e  

r i d g e  and d e p o s i t e d  abunda n t  e r r a t i c s  o f  v a r i o u s  l i t h o l o g i e s  so be d ro c k  

mapping was e x t r e m e l y  d i f f i c u l t .  Spec imens  were c o l l e c t e d  a t  two l o c a ­

t i o n s  a b o u t  60 f e e t  a p a r t  a lo n g  t h e  r i d g e  and were found t o  have s i m i l a r  

c o m p o s i t i o n s  i n  t h i n - s e c t i o n .  One sample has  v e r y  w e l l  d e v e lo p e d  mega­

s c o p i c  and m i c r o s c o p i c  f l o w  s t r u c t u r e  w i t h  t h i n  l a y e r s  o f  i r o n  ox ide  

a c c u m u la t e d  p a r a l l e l  t o  t h e  c r y s t a l  o r i e n t a t i o n .  I t  i s  m o s t l y  m ic r o -  

c r y s t a l l i n e  w i t h  o n l y  a few s c a t t e r e d  p h e n o c r y s t s  ( a b o u t  5%) o f  which 

ab o u t  90% a r e  p y r o x e n e . The second specimen has  more p h e n o c r y s t s  ( a b o u t  

25%) of  which ab o u t  70% a r e  p y r o x e n e .  The second'  specimen ha s  no a p p a r e n t  

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

spec im ens  a r e  g e n e r a l i z e d  as  f o l l o w s :

P h e n o c r y s t s

2 0 % o r t h o p y r o x e n e  -  m o d e r a te  p l e o c h r o i s m  ( I t .  g r e e n  t o  t a n ) ,
m o d e r a t e  b i r e f r i n g e n c e ,  p a r a l l e l  e x ­
t i n c t i o n ,  b i a x i a l  n e g a t i v e  -  h y p e r s -  
t h e n e .
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60% c l i n o p y r o x e n e -  no p l e o c h r o i s m ,  h ig h  b i r e f r i n g e n c e ,  
some t w i n n i n g ,  a l t e r e d  r im  g e n e r a l l y  
p r e s e n t ,  b i a x i a l  p o s i t i v e ,  2 V A r  5 ( 
a u g i t e  (Wahls trom, 1955, p .  165) .

.1 0 % p l a g i o c l a s e -  e x t .  Z. 27° t o  29° ,  b i a x i a l  p o s i t i v e  
(^^*4 9 - 5 3 ) • Zoned .

5% h o r n b le n d e s t r o n g  p l e o c h r o i s m  ( I t .  brown to  
d a r k  b r o w n ) , m o s t l y  r em na n ts  of  
c r y s t a l s  removed by a l t e r a t i o n .

I
5% opaques a p p a r e n t l y  m a g n e t i t e

Groundmass

70% p l a g i o c l a s e
15% f e r r o m a g n e s i a n  m i n e r a l s
1 0 % opaque m i n e r a l s

The c o m p o s i t i o n  o f  t h e  p l a g i o c l a s e  p h e r i o c ry s t s  ( A n ^ g ^ g )  p l a c e s  

t h e  spec im ens  l i t h o l o g i c a l l y  as  b a s i c  a n d e s i t e s  o r  as b a s a l t s  a c c o r d i n g  

t o  W ahls trom (1955,  p„ 3 0 7 ) .  Because  t h e  p l a g i o c l a s e  p h e n o c r y s t s  a re  

l i k e l y  t o  be somewhat more c a l c i c  t h a n  t h e  p l a g i o c l a s e  o f  t h e  g r o u n d m a s s , 

t h e  te rm  a n d e s i t e  o r  b a s i c  a n d e s i t e  would p r o b a b l y  be t h e  more a p p r o p r i a t e .

The o r i g i n  and c o r r e l a t i o n  o f  t h e  a n d e s i t e  i s  Unknown b u t  two p y r o ­

x e ne s  ( h y p e r s t h e n e  and a c l i n p p y r o x e n e )  a r e  a l s o  p r e s e n t  i n  t h e  G a l l a t i n  

v o l c a n i c s  (R. A. Chadwick,  p e r s o n a l  communica t ion ,  1964) and i n  t h e  v o l -  

v a n ic  b r e c c i a s . o f  t h e  S o u th  Snowy b l o c k  o f  t h e  B e a r t o o t h  Range (A. E a s i e r ,  

p e r s o n a l  comm unica t io n ,  19 6 4 ) .  P r e s e n t  e v i d e n c e  i s  i n s u f f i c i e n t  t o  e s t a b ­

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

above may be an e r o s i o n a l  remnant  o f  t h e . G a l l a t i n  v o l c a n i c s  a n d / o r  the  

b r e c c i a s  o f  t h e  S o u th  Snowy b l o c k .



GEOMORPHOLOGY

The geomorph ic  h i s t o r y  o f  t h e  map a r e a  r e c o r d s  t h e  a c t i v i t i e s  of  

wind,  w a t e r ,  and g l a c i a l  i c e  i n  l a t e  C e noz o ic  t i m e . Because  of  t h e  v a r i ­

a b l e  i n t e n s i t i e s  of  t h e  geomorph ic  p r o c e s s e s  i n  t im e ,  d e s c r i p t i o n s  and 

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

-  g o r i e s :  ( I )  P r e - W i s c o n s i n  Geomorphology and G l a c i a l  Geo logy ,  (2)  Wis­

c o n s i n  Geomorphology and G l a c i a l  Geology and (3) P o s t - g l a c i a l  Geomorphology.

P r e - W i s c o n s i n  Geomorohology and G l a c i a l  Geology

E v id e n ce  found  by w o r k e r s  i n  o t h e r  p a r t s  o f  t h e  uppe r  Y e l lo w s to n e  

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

o f  W is c o n s in  p iedm ont  g l a c i a t i o n .  G l a c i a l  e r r a t i c s  found a t  h ig h  e l e v a ­

t i o n s  a lo n g  th e  m oun ta in  f r o n t  by Horberg  (1940 ,  p.  295) and by Montagne 

( p e r s o n a l  comm unica t io n ,  1963) and t h e  w r i t e r  i n d i c a t e ;  t h a t  piedmont  

i c e  once f i l l e d  t h e  s o u t h e r n  end of  t h e  v a l l e y  a t  Yankee J im Canyonfand 

e x t e n d e d  a t  l e a s t  as  f a r  n o r t h  as  P i n e  C r e e k .  T h i s  c o n c e p t  p r e s e n t s  many 

q u e s t i o n s ;  f o r  i n s t a n c e ,  i n  t h e  map a r e a ,  ,no e v id e n c e  f o r  h i g h - l e v e l  p r e -  

W is c o n s in  g l a c i a t i o n  was fo u n d .  However,  t h e  a r e a s  o f  h i g h e r  e l e v a t i o n  

be tween  E m ig r a n t  Gulch and M i l l  C reek  a r e  u n d e r l a i n  by T e r t i a r y  i n t r u s i v e  

p o r p h y ry  which i s  e a s i l y  m o d i f i e d  by m a s s - w a s t i n g  p r o c e s s e s  so i t  i s  

l i k e l y  t h a t  g l a c i a l  d e b r i s  a n d / o r  a b r a s i o n a l  f e a t u r e s  h ig h  on th e  moun­

t a i n  f r o n t  would be removed d u r i n g  p e r i - g l a c i a l  c o n d i t i o n s  a s s o c i a t e d  

w i t h  t h e  l e s s e r  W is c o n s in  i c e  a dvance .

The t o p o g r a p h y  o f  t h e  map a r e a  b e f o r e  W is c ons in  g l a c i a t i o n  was p r o ­

b a b l y  q u i t e  d i f f e r e n t  f rom t h a t  o f  t h e  p r e s e n t .  The m o r p h o l o g y  o f  t h e
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m o u n ta in  f r o n t  may n o t  have changed a p p r e c i a b l y  bu t  t h e  v a l l e y  f l o o r  a p p e a r s  

t o  have had c o n s i d e r a b l e  p r e - W i s c o n s i n  r e l i e f .  E x p o s u r e s  ( s e e  pages  24„ 25, &26) 

s u g g e s t  t h a t ,  p r i o r  t o  W is c o n s in  g l a c i a t i o n ,  t h e  T e r t i a r y  s e d im e n t s  and 

P l e i s t o c e n e  b a s a l t  s tood  as  e r o s i o n a l  r em na n ts  on a d i s s e c t e d  v a l l e y  

f l o o r  i n t o  which t h e  Y e l lo w s to n e  R i v e r  and i t s  t r i b u t a r i e s  had cu t  t o  a t  

l e a s t  t h e i r  p r e s e n t  d e p t h s .  The r i v e r  i s  now, i n  many p l a c e s ,  downcut t i n g  

th r o u g h  a l l u v i u m  and g IacjLal —td-l-l—of—pre-W-i-sc o n s-i-n—a nd / i i r  W iscons i n  age .

F o r  e x a m p l e , a t  t h e  n o r t h  end o f  t h e  v a l l e y ,  i n  t h e  lower  canyon of  t h e  

Y e l l o w s t o n e , t h e  r i v e r  i s  f l o w i n g  on a l l u v i u m  which was d e p o s i t e d  ove r  

P a l e o z o i c  s t r a t a *  The r i v e r  c u t  t h e  canyon th r o u g h  a b e d ro c k  b a r r i e r , -  t h e n  

d e p o s i t e d  a l l u v i u m  i n  t h a t  canyon,  and now a p p e a r s  t o  be d o w n c p t t i n g  in  

t h e  a l l u v i u m .  Because  t h e  v a l l e y  f l o o r  i s  cove red  w i t h  g l a c i a l  and g l a c i q -  

f l u v i a l  d e p o s i t s ,  i t  i s  l i k e l y  t h a t  t h e  m a t e r i a l  i n  t h e  lower  canyon was 

d e p o s i t e d  d u r i n g  th e  W is c o n s in  g l a c i a l  s t a g e  when th e  r i v e r  was o v e r l o a d e d  

w i t h  ou tw ash .  I n  E m ig r a n t  Gulch ,  E m ig ra n t  Creek  i s  d o w n c u t t i n g  in  a l l u v i u m  

d e p o s i t e d  a f t e r  t h e  g u l c h  was e ro d e d  i n  P r e c a m b r i a n  b e d r o c k .  These  s e d i ­

ments  a r e  most  l o g i c a l l y  i d e n t i f i e d  w i t h  W isc o n s in  g l a c i a t i o n  and w i l l  be 

d i s c u s s e d  unde r  s u b s e q u e n t  h e a d i n g s  i n  t h i s  p a p e r .  A d e p o s i t  o f  uncon­

s o l i d a t e d  c r o s s - b e d d e d  sand and g r a v e l  ( s e e  f i g u r e  9 . )  exposed  i n  a h i g h ­

w a y -c u t  ab o u t  h a l f  a m i l e  s o u th  o f  t h e  Wanigan a l s o  i n d i c a t e s  t h a t  t h e  p r e -  

W is c o n s in  r i v e r  channe l  was a t  l e a s t  a s  low as  t h e  e l e v a t i o n  o f  t h e  p r e ­

s e n t  c h a n n e l  a t  t h a t  p o i n t .  The to p  o f  t h i s  d e p o s i t  i s  a b o u t  100 f e e t

above t h e  r i v e r  and i s  c o v e re d  by W is c o n s in  g l a c i a l  t i l l .  The bo t tom  i s

n o t  exposed  b u t  i s  p r o b a b l y  a t  l e a s t  a s  low as  t h e  p r e s e n t  r i v e r  bed .

W hether  t h i s  m a t e r i a l  i s  a t r i b u t a r y  s t r e a m  d e p o s i t ,  a r i v e r  d e p o s i t ,  o r
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F i g u r e  9.  C r o s s -b e d d e d  sand and g r a v e l  one m i l e  so u th  o f  Wanigan .

an ou twash d e p o s i t  ca nno t  be d e t e r m i n e d  b u t  any one o f  t h e s e  p o s s i b i l i t i e s  

s u g g e s t s  t h a t  t h e  r i v e r  had e ro d e d  down t o  a t  l e a s t  i t s  p r e s e n t  e l e v a t i o n  

a t  t h a t  p o i n t  b e f o r e  t h e  a d v e n t  o f  W isc o n s in  g l a c i a t i o n .

W is c ons in  p iedmont  i c e  a p p a r e n t l y  somewhat l e v e l l e d  t h e  v a l l e y  

f l o o r  by f i l l i n g  t h e  low a r e a s  w i th  c o n s i d e r a b l e  t h i c k n e s s e s  of  d e b r i s  

and by l e a v i n g  on ly  a v e n e e r  o f  m a t e r i a l  on t h e  t o p o g r a p h i c  h i g h s .

W is c o n s in  Geomorpholoqy and G l a c i a l  Geology

D e s c r i p t i o n

P iedmont  g l a c i a l  a c t i v i t y  d u r i n g  th e  P l e i s t o c e n e  epoch  r e - s h a p e d  

t h e  uppe r  Y e l lo w s to n e  V a l l e y  w i th  c o n s t r u c t i o n a l  and a b r a s i o n a l  f e a t u r e s  

which c h a r a c t e r i z e  much o f  t h e  p r e s e n t  v a l l e y  t o p o g ra p h y .  W is c ons in  g l a c i a l
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f e a t u r e s  o f  t h e  v a l l e y  have been p r e v i o u s l y  d e s c r i b e d  by Weed (1 8 9 3 ) ,

Alden ( 1 9 3 2 ) ,  and by H orbe rg  (1940), .  These  w o rk e rs  e s t a b l i s h e d  th e  con­

c e p t  t h a t  W is c o n s in  p iedm on t  g l a c i a l  i c e  d e s c e n d e d  t h e  u ppe r  Y e l lo w s to n e  

V a l l e y  from what i s  now Y e l lo w s to n e  N a t i o n a l  Pa rk  and moved as  f a r  n o r t h  

as  Elbow C re e k .  Much o f  t h e  map a r e a  i n c l u d e s  d e p o s i t s  and a s s o c i a t e d  

g l a c i o f l u v i a l  f e a t u r e s  formed a t  t h e  r e c e d i n g  t e r m in u s  o f  p iedmont  i 'ce .  

W is c o n s in  i c e  and m e l t - w a t e r  in  t h e  u ppe r  Y e l lo w s to n e  V a l l e y  l e f t  t e r m i ­

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

i c e - m a r g i n a l  and outwash  c h a n n e l s ,  and ou twash  p l a i n s ,  a l l  o f  which a r e  

p r e s e n t  i n  t h e  map a r e a .  Along t h e  m oun ta in  f l a n k  t h e  g l a c i a l  d e b r i s  

c o n s i s t s  o f  s c a t t e r e d  e r r a t i c s  which c l e a r l y  mark t h e  h i g h e s t  p o s i t i o n  of  

W is c o n s in  p iedm ont  i c e  as  i t  moved down t h e  v a l l e y .  On t h e  w es t  s i d e  o f  

t h e  main v a l l e y ,  t h e  t i l l  i s  a t  l e a s t  400 f e e t  t h i c k  a t  t h e  mouth of  E i g h t  

M i l e  Creek  (H o r b e r g ,  1940, p .  283) and cou ld  be much t h i c k e r  i n  o t h e r

p l a c e s ,  i t s  t h i c k n e s s  i n Lthe map a r e a  a p p e a r s  t o  be d e p e n d e n t  upon a p r e ­

g l a c i a l  t o p o g r a p h y  o f  c o n s i d e r a b l e  r e l i e f  d e v e lo p e d  by t h e  Y e l lo w s to n e  

R i v e r  and i t s  t r i b u t a r i e s .  F o r  example,  n e a r  t h e  Wanigan where t h e  r i v e r  

ha s  c a rv e d  a c l i f f  i n  g l a c i a l  d e b r i s  and t h e  u n d e r l y i n g  T e r t i a r y  s e d i ­

m e n t s ,  t h e  t i l l  i s  as  t h i n  as  40 f e e t . .  About  t h r e e  m i l e s  downstream, t h e

r i v e r  ha s  c u t  i t s  way t h r o u g h  a t  l e a s t  150 f e e t  o f  g l a c i a l  t i l l  and i s  

s t i l l  f l o w i n g  on i t .

A b r a s i o n a l  g r o o v e s  a r e  p r e s e n t  on t h e  s o u th  s h o u l d e r  o f  t h e  mouth 

o f  C o n l i n  Gulch b u t  were e i t h e r  p o o r l y  d e v e lo p e d  o r  have n o t  been w e l l  

p r e s e r v e d .  The h i g h e s t  o f  t h e s e ,  c u t  i n  T e r t i a r y  i n t r u s i v e  r o c k ,  a p p e a r s  

t o  be t h e  b e s t  d e v e lo p e d  and i s  a t  an e l e v a t i o n  o f  ab o u t  6100 f e e t .  I t

44
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i s  ab o u t  200 f e e t  long  and ha s  a maximum w id th  o f  a b o u t  20 f e e t .  The 

bo t tom  of  t h e  g roove  i s  v e r y  smooth and s l o p e s  n o r th w ard  a lo n g  th e  v a l l e y  

w a l l .  I t s  e l e v a t i o n  a t  t h e  mouth o f  C o n l i n  Gulch and t h e  h i g h e s t  e l e v a ­

t i o n s  o f  e r r a t i c s  i n  t h e  a r e a ,  when p r o j e c t e d  n o r t h  t o  t h e  g l a c i a l ,  t e r m i - ’ 

n u s , s u g g e s t  a g r a d i e n t  o f  a b o u t  190 f e e t  p e r  m i l e  f o r  t h e  t o p  of  the  

p iedm ont  i c e .

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

duced a l a r g e  w e l l - d e v e l o p e d  outwash  p l a i n  which now e x t e n d s  from Elbow 

Creek  n o r th w a r d  f o r  ab o u t  f i v e  m i l e s .  In  c o n t r a s t  t o  t h e  ungraded  knob 

and k e t t l e  t o p o g r a p h y  of  t h e  morainfe t o  t h e  s o u t h ,  t h e  outwash p l a i n  i s  

a smooth n o r t h w a r d - g r a d e d  s u r f a c e .  Alden (1932,  p .  62 ,  123) and Horberg  

(1940 ,  p .  291) s u g g e s t  t h a t  t h i s  s u r f a c e  c o r r e l a t e s  on a r e g i o n a l  s c a l e  

w i t h  a, p r e - W i s c o n s i n  e r o s i o n a l  s u r f a c e  te rmed  "Np. 3 bench"  by A l d e n . I t  

i s  n o t  l i k e l y  t h a t  t h i s  c o r r e l a t i o n  i s  v a l i d ,  however ,  b e c a u s e  "No. 3 

b e n c h " ,  d i r e c t l y  s o u th w e s t  o f  L i v i n g s t o n  i s  a t  an e l e v a t i o n  o f  a lm os t  

5000 f e e t  (H o rb e rg ,  1940, p .  291) w h i l e  t h e  outwash s u r f a c e  i n  q u e s t i o n ,  

o n l y  a few m i l e s  t o  t h e  s o u t h ,  i s  as  low as  4750 f e e t  and has  a n o r t h ­

ward g r a d i e n t .  U n le s s  s e r i o u s  s t r u c t u r a l  movement has  o c c u r r e d  s in c e  

"No. 3 bench"  was fo rm ed ,  t h e r e  can be no c o r r e l a t i o n  be tween  th e  two 

s u r f a c e s .  The m a t e r i a l  on which t h e  outwash s u r f a c e  i s  formed cou ld  be 

e i t h e r  p r e - W i s c o n s i n  o r  W is c o n s in  i n  age and cou ld  be t h e  r e s u l t  o f  o u t ­

wash d e p o s i t i o n  o r  o f  normal  s t r e a m  a n d / o r  r i v e r  d e p o s i t i o n .  At any r a t e  

t h e  p r e s e n t  s u r f a c e  a p p e a r s  t o  be t h e  r e s u l t  o f  t h e  a c t i v i t i e s  o f  Wis­

c o n s in ,  g l a c i a l  outwash  w a t e r s  and t h e r e  i s  no e v i d e n c e  t o  i n d i c a t e  any 

a f f i n i t y  be tween  i t  and p r e v i o u s  s u r f a c e  f o r m a t i o n .
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A second and younge r  bu twash  p l a i n  e m ana te s  f rom a W is c o n s in  i c e -  

< m a r g i n a l  c h a n n e l  n e a r  Chico  Hot S p r i n g s  and s p r e a d s  n o r th w a r d  as  f a r  as  

t h e  M i l l  Creek  S choo l  where i t  merges a lm o s t  i m p e r c e p t i b l y  w i t h  a l a r g e  

a l l u v i a l  f a n  o f  M i l l  C r e e k .  The a l l u v i a l  f a n  and t h e  outwash  p l a i n  

c om pr i se  e s s e n t i a l l y  a s i n g l e  s u r f a c e  b u t  d r a i n a g e  t e x t u r e s  on a e r i a l  

p h o t o g r a p h s  show t h a t  t h e  f a n  was p roduced  by w e s t - f l o w i n g  s t r e a m s  from 

M i l l  Creek Canyon w h i l e  t h e  outwash  p l a i n  was formed by n o r t h - f l o w i n g  

s t r e a m s  from t h e  p iedm ont  g l a c i a l  t e r m i n u s .  Both s u r f a c e s  have s i m i ­

l a r  g r a d i e n t s  and appe a r  t o  m e r g e , so i t  i s  l i k e l y  t h a t  t h e  outwash 

p l a i n  and t h e  f a n  were formed c o n c u r r e n t l y .  The outwash  p l a i n  d e s c r i b e d  

above i s  a p p a r e n t l y  y ounge r  t h a n  t h e  one n o r t h  of  Elbow Creek because  

t h e  two,- a r e  s e p a r a t e d  by g l a c i a l  m o r a i n e .  The younger  s u r f a c e  most  l i k e ­

l y  formed a round  a p iedm ont  g l a c i a l  t e r m i n u s  be tween  t h e  mouths of  Emi­

g r a n t  Gulch and C o n l i n  Gu lch .  T h i s  s u r f a c e  w i l l  be r e f e r r e d  t o  h e r e a f t e r  

as  t h e  i n n e r  ou twash  p l a i n  t o  d i f f e r e n t i a t e  i t  f rom th e  o l d e r ,  o u t e r  

ou twash p l a i n .

The i c e - m a r g i n a l  c h a n n e l  f rom which t h e  i n n e r  outwash p l a i n  em ana te s  

p r o b a b l y  s e r v i c e d  bo th  E m ig r a n t  Creek  and m e l t - w a t e r  f rom W is c o n s in  p i e d ­

mont i c e .  I t  p a r a l l e l s  t h e  m oun ta in  f r o n t  be tween  t h e  mouth o f  Em ig ran t  

Gulch and. Chico  Hot S p r i n g s  where i t  b r o a d e n s  i n t o  t h e  s u r f a c e  d e s c r i b e d  

above .  B e f o r e  dev e lo p m en t  o f  t h e  i n n e r  outwash  p l a i n ,  t h e  i c e - m a r g i n a l  

c h a n n e l  p r o b a b l y  c o n t i n u e d  n o r th w ard  a lo n g  t h e  m oun ta in  f r o n t  between 

C o n l i n  Guich alnd M i l l  Creek  where t h e  W is c o n s in  g l a c i a l  m o ra in e  i s  cu t  

by s e v e r a l  p o o r l y  d e v e lo p e d  s t r e a m  c h a n n e l s .  A p p a r e n t l y ,  as  t h e  r e c e s s i o n  

o f  p iedm ont  i c e  c o n t i n u e d ,  t h e  w a t e r s  f l o w i n g  in  t h e  i c e - m a r g i n a l  s t r e a m  

d e v e lo p e d  new c h a n n e l s  c i r c u m f l u e n t  t o  t h e  r e c e d i n g  g l a c i a l  t e r m i n u s .
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The t e r r a c e s  p r e s e n t  a t  t h e  head o f  t h e  i n n e r  outwash p l a i n  n e a r  Chico 

Hot  S p r i n g s  s u g g e s t  t h a t  E m ig r a n t  Creek  and g l a c i a l  m6 I t - w a t e r  f lowed  

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

m a r g i n a l  c h a n n e l  was e v e n t u a l l y  b lo c k e d  by m ora ine  ( s e e  f i g u r e  l b . ) a t  

some s t a g e  o f  g l a c i a l  a c t i v i t y  and E m ig r a n t  Creek  was f o r c e d  t o  c u t  a 

new c h a n n e l  wes tward  a c r o s s  t h e  t i l l .  T h i s  c h a n n e l ,  which e x t e n d s  from 

t h e  mouth o f  E m ig r a n t  Gulch t o  i t s  j u n c t u r e  w i t h  t h e  Y e l lo w s to n e  R i v e r  

i n  s e c .  34,  T.  5 S . ,  R. B E . ,  i s  w e l l  d e v e lo p e d  ( s e e  f i g u r e  11,) b u t  has  

no t e r r a c e s .  Near  t h e  mouth o f  E m ig ra n t  Gulch t h i s  abandoned channel  

merges  w i t h  a l a t e r  f a n  i n t o  which t h e  p r e s e n t  channe l  o f  E m ig ra n t  Creek 

i s  now e n t r e n c h e d .  W hether  t h i s  l a t e s t  f a n  formed as  a d i r e c t  r e s u l t  o f  

g l a c i a l  r e c e s s i o n  o r  w h e t h e r  i t  formed a f t e r  t h e  g l a c i e r  had l e f t  the  

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

s u r f a c e  i s  ab o u t  160 f e e t  p e r  m i l e  as  compared t o  a g r a d i e n t  o f  about  

115 f e e t  p e r  m i l e  f o r  t h e  abandoned  c h a n n e l .

I n  E m ig r a n t  Gulch ,  n e a r  White  C i t y ,  a d e p o s i t  of  c o a r s e  u n c o n s o l i ­

d a t e d  m a t e r i a l  has  been  p r e s e r v e d  on t h e  s o u th  s i d e  of  t h e  p r e s e n t  s t r e a m  

b e d .  The s u r f a c e  o f  t h i s  d e p o s i t  now s t a n d s  abou t  160 f e e t  above the  

bo t tom  o f  t h e  g u l c h  at,- t h a t  p o i n t  and s l o p e s  westward toward  t h e  mouth 

o f  t h e  g u l c h  w i t h  a g r a d i e n t  o f  ab o u t  100 f e e t  p e r  m i l e .  S i m i l a r  m a t e r i ­

a l  ha s  been  p r e s e r v e d  on t h e  so u th  w a l l  o f  Em ig ran t  Gulch n e a r  i t s  mouth 

b u t  t h e  t o p  o f  t h e  d e p o s i t  a t  t h i s  p o i n t  ha s  been removed by e r o s i o n .

The g r a d i e n t  o f  t h e  s u r f a c e , p r o j e c t e d  from an e l e v a t i o n  o f  5960 f e e t  

n e a r  White  C i t y ,  i n d i c a t e s  t h a t  t h e s e  d e p o s i t s  once f i l l e d  t h e  g u l c h  to  

an e l e v a t i o n  o f  ab o u t  5800 f e e t  n e a r  i t s  mouth.  These s e d im e n t s  may have
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F i g u r e  10. I c e - m a r g i n a l  c h a n n e l  b lo ck e d  by m ora ine  be tween  Em ig ran t  
Gulch and Ch ico  Hot S p r i n g s .

F i g u r e  11. Old E m ig ra n t  Creek C h a n n e l .  View i s  downstream n o r t h .



been d e p o s i t e d  i n  a l a k e  formed be h ind  a b a r r i e r  o f  p iedm ont  i c e  a n d / o r  

m o r a i n e .  The m a t e r i a l  i s . v e r y  c o a r s e  and doe s  n o t  c o n t a i n  v a rv e d  s i l t s  

and c l a y s  which t y p i f y  g l a c i a l  l a k e  d e p o s i t s  b u t  t h e  s t e e p  w a l l s  of  t h e  

v e r y  n a r ro w  E m ig r a n t  Gulch p r o b a b l y  a c c o u n t  f o r  t h i s .  A l s o ,  t h e s e  d e p o s i t s  

a r e  c l o s e  t o  t h e  w a l l  o f  t h e  g u l c h  where c o a r s e  m a t e r i a l  would a c c u m u l a t e . 

T h i s  s u r f a c e  was formed e a r l i e r  t h a n  t h e  i c e - m a r g i n a l  channe l  and o t h e r  

c h a n n e l s  a s s o c i a t e d  w i th  p iedm ont  g l a c i a l  r e c e s s i o n .  I t  l i e s  a t  a much 

h i g h e r  e l e v a t i o n  so was p r o b a b l y  formed d u r i n g  t h e  p iedm ont  g l a c i a l  m ax i ­

mum r a t h e r  t h a n  when t h e  i c e  was r e c e d i n g .  Contemporary  d e p o s i t s  o f  s i m i ­

l a r  o r i g i n  a t  h i g h e r  e l e v a t i o n s  t h a n  p r e s e n t  m o r a i n e ,h a v e  a l s o  been p r e ­

s e rv e d  i n  S i x  M i le  Gulch a b o u t  f i v e  m i l e s  so u th  o f  t h e  map a r e a  ( J .  M on ta gne , 

p e r s o n a l  comm unica t ion ,  1963) .
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D i s c u s s i o n

The c o n c e p t  o f  W is c o n s in  g l a c i a t i o n  i n  t h e  upper  Y e l lo w s to n e  V a l l e y  

as  o u t l i n e d  by Weed (1893) i m p l i e s  a s i n g l e  phase  of  g l a c i a l  a c t i v i t y .  ~ 

Alden (1932 ,  p .  123) d e s c r i b e d  an i n n e r  and an o u t e r  p iedm ont  t e r m i n a l  

m ora ine  n e a r  t h e  mouth o f  M i l l  Creek  and s u g g e s t e d  t h a t  two p h a s e s  of  

g l a c i a t i o n  had o c c u r r e d  b u t  he d i d  n o t  subm i t  any d e t a i l e d  e x p l a n a t i o n  - 

o f  t h e  r e l a t i o n s h i p  e x c e p t  t o  n o t e  t h a t  t h e  s u p p o s e d ly  y ounge r  i n n e r  mor­

a i n e  e x t e n d e d  i n t o  an " i n n e r  v a l l e y "  which had been e ro d e d  i n t o  t h e  o u t e r  

and a p p a r e n t l y  o l d e r  W is c o n s in  t e r m i n u s  by t h e  Y e l lo w s to n e  R i v e r .  Wis­

c o n s i n  m o ra in e  i n  t h e  uppe r  Y e l lo w s to n e  V a l l e y  was f i r s t  d i f f e r e n t i a t e d  

and a t t r i b u t e d  t o  two d i s t i n c t  p h a s e s  o f  g l a c i a l  a c t i v i t y  by Horberg  

(1940) who te rmed  them t h e  e a r l y  W is c o n s in  ( B u l l  Lake)  and l a t e  W iscons in



( P i n e d a l e )  s u b s t a g e s  i n  an a t t e m p t  t o  c o r r e l a t e  w i th  W is c ons in  s u b s t a g e s  

( B l a c k w e l d e r , 1915) i n  t h e  Wind R i v e r  and Green R i v e r  b a s i n s ,  Wyoming.

I n  t h i s  c o n c e p t ,  t h e  i n n e r  m ora ine  o f  Alden (1932 ,  p .  123) i s  c o n s i d e r e d  

t o  be P i n e d a l e  and t h e  ou te r ,  m ora ine  i s  mapped as  B u l l  L a k e . P a r t  o f  

H o r b e r g 1s e v i d e n c e  f o r  two s u b s t a g e s  o f  g l a c i a t i o n  i n  t h e  main v a l l e y  i s  

t h e  r e l a t i o n s h i p  be tween  two d i s t i n c t  t e r m i n a l  m o ra in es  a t  t h e  HiolUth of  

P i n e  C re e k ,  n e a r  t h e  n o r t h  end o f  t h e  v a l l e y .  These  m o r a i n e s ,  t h e  p r o ­

d u c t s  o f  v a l l e y  g l a c i a t i o n  i n  P in e  Creek  Gulch,  i n d i c a t e  two s e p a r a t e  

p h a s e s  o f  g l a c i a t i o n  be tw een  which a p e r i o d  o f  c o n s i d e r a b l e  e r o s i o n  o c c u r ­

r e d .  The c e n t e r  o f  t h e  o l d e r  m ora ine  ( B u l l  Lake) was removed by P in e  

Creek  b e f o r e  t h e  ydunge r  m ora ine  ( P i n e d a l e )  was d e p o s i t e d .  The PinecjaIe (?)  

t e r m i n u s  was t h e n  d e p o s i t e d  beyond t h e  B u l l  Lake (?) t e r m i n u s . . Also", t h e  

y o u n g e r  sequence  was d e p o s i t e d  i n  a deep  gap c u t  between  t h e  l a t e r a l  

m ora ine  o f  t h e  o l d e r  se quenc e  and t h e  canyon mouth.  Because  t h i s  r e l a t i o n ­

s h i p  e x i s t s  a t  t h e  mouth o f  P i n e  C re e k ,  H orbe rg  a t t e m p t e d  t o  a p p ly  t h e  same 

c o n c e p t  t o  p iedm ont  g l a c i a t i o n  in  t h e  main v a l l e y .  E v i d e n c e  s t r e n g t h e n ­

in g  h i s  B u l l  Lake -  P i n e d a l e  c o n c e p t  o f  g l a c i a t i o n  in  t h e  main v a l l e y  

i n c l u d e s  a p e a t  zone ( n o t  p r e s e n t l y  exposed)  b u r i e d  by g l a c i a l  mora ine  on 

t h e  n o r t h  s i d e  o f  t h e  p r e s e n t  channe l  o f - E m i g r a n t  C reek ,  t h e  i c e - m a r g i n a l  

c h a n n e l  b l o c k e d  by g l a c i a l  m ora ine  be tween  Chico  Hot  S p r i n g s  and t h e  mouth
I

o f  E m ig r a n t  Gulch ( s e e  F i g u r e  10 . )  and t h e  p r e s e n c e  of 'younger,  moifarne i n  t h e  

" i n n e r . v a l l e y "  o f  t h e 1 Y e l lo w s to n e  a b o u t  two m i l e s  n o r t h  o f  E m ig ran t  as 

f i r s t  d e s c r i b e d  by Alden (1932 ,  p .  123 ) .  F u r t h e r ,  Horberg  (1940 ,  p.  297) 

d e s c r i b e s  t h e  P i n e d a l e  (?) depos i t s . .a shav ing  a more y o u t h f u l  a p p e a r a n c e  th a n  

t h e  B u l l  Lake m o r a i n e .  The ages  o f  B u l l  Lake and P i n e d a l e  s u b s t a g e s  have

5 0
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n o t  y e t  been d e f i n i t e l y  e s t a b l i s h e d  i n  t e rm s  o f  y e a r s  b u t  c a rbon -14  age 

d e t e r m i n a t i o n  from J a ck s o n  H o le ,  Wyoming (Love,  1956, p .  149 ,150)  sug­

g e s t  p o s s i b l e  ages  o f  a b o u t  27 ,000  y e a r s  f o r  t h e  B u l l  Lake s u b s t a g e  and 

a b o u t  9 , 0 0 0  y e a r s  f o r  t h e  P i n e d a l e  s u b s t a g e .

H o r b e r g ’ s c o n c e p t  ha s  s i n c e  been c h a l l e n g e d  by Montagne ( p e r s o n a l  

com m unica t ion ,  1962) on t h e  p r e m i s e  t h a t  t h e  e v i d e n c e  f o r  two s u b s t a g e s  

o f  W is c o n s in  g l a c i a t i o n  i s  n o t  c o n c l u s i v e .  P a r t  o f  t h e  p u r p o s e  of  t h i s "  

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

Because  t h e  map a r e a  i n c l u d e s  much o f  t h e  t i l l  d e p o s i t e d  a t  the  

d i s t a l  end o f  the.  p iedm ont  i c e ,  i t  i s  p r o b a b l y  t h e  most  l i k e l y  p l a c e  i n  

, t h e  uppe r  Y e l lo w s to n e  V a l l e y  f o r  e v i d e n c e  p e r t i n e n t  t o  t h e  g l a c i a l  h i s t o r y .  

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

f e r e n t  ages  i n  t h i s  s t u d y  w ere :  ( I )  d e g r e e  o f  p r e s e r v a t i o n  o f  d i s t i n c t i v e

g l a c i a l  f e a t u r e s ,  ( 2 ) p r o g r e s s  o f  w e a t h e r i n g  and c o m p o s i t i o n  o f  d e b r i s ,

(3)  d e g r e e  o f  s o i l  p r o f i l e  d e v e lo p m e n t ,  (4 )  s t r a t i g r a p h i c  r e l a t i o n s h i p s  

be tw een  s o i l ,  ou tw ash ,  and t i l l ,  and (5)  p h y s i o g r a p h i c  r e l a t i o n s h i p s  of  

m o r a i n e ,  ou twash p l a i n s ,  and s t r e a m  c h a n n e l s .  The- t im e  i n t e r v a l  between 

B u l l  Lake and P i n e d a l e  g l a c i a l  s u b s t a g e s  i s  u n c e r t a i n  b u t  s h o u ld  be su f - ,  

f i c i e n t  f o r  t h e  dev e lo p m en t  o f  n o t a b l e  d i f f e r e n c e s  i n  t h e  t o p o g r a p h i c ,  

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

ment  o f  B u l l  Lake and P i n e d a l e  d e p o s i t s .  S t r a t i g r a p h i c  and p h y s i o g r a p h i c  

r e l a t i o n s h i p s  can i n d i c a t e  advance  and r e c e s s i o n  o f  g l a c i a l  i c e  bu t  do n o t  

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

F o r  t j i i s  r e a s o n , c o n c l u s i v e  e v i d e n c e  f o r  two d i s t i n c t  s u b s t a g e s  o f  Wis­

c o n s i n  g l a c i a t i o n  must  i n c l u d e  some s o r t  o f  t i m e - d e p e n d e n t  f a c t o r .
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(1)  P r e s e r v a t i o n  o f  d i s t i n c t i v e  g l a c i a l  f e a t u r e s  -  I n  t h e  map a r e a  and i n  

t h e  e n t i r e  uppe r  Y e l lo w s to n e  V a l l e y ,  no d i s t i n c t i o n  cou ld  be found i n  t h e  

d e g r e e  o f  p r e s e r v a t i o n  o f  g l a c i a l  f e a t u r e s .  Some p l a c e s  a p p e a r  t o  have

a s l i g h t l y  more y o u t h f u l  c h a r a c t e r  b u t  t h e s e  p l a c e s  a r e  p r e s e n t  on bo th  

B u l l  Lake (?)  and P i n e d a l e  ( ? )  m o r a i n e . F u r t h e r ,  a e r i a l  p h o t o g r a p h s  of  

t h e  v a l l e y  f l o o r  show no a p p a r e n t  d i f f e r e n c e  between m o ra i n e s  c l a s s i f i e d  

by Horberg  as  B u l l  Lake and P i n e d a l e .

(2 )  P r o g r e s s  o f  w e a t h e r i n g  and c o m p o s i t i o n  o f  d e b r i s -  The p r o g r e s s  of  

w e a t h e r i n g  o f . m a t e r i a l  c o m p r i s i n g  B u l l  Lake (?)  and P i n e d a l e  (?)  m o ra in e s  

a p p e a r s  t o  be i d e n t i c a l .  None o f  t h e  m a t e r i a l  i n  t h e  g l a c i a l  t i l l  a p p e a r s  

t o  be e x t e n s i v e l y  w e a t h e r e d  w i th  t h e  e x c e p t i o n  o f  c e r t a i n  s c h i s t o s e  r o c k s . 

T h e s e  m etam orph ic  r o c k s  o f  P r e c a m b r i a n  age a r e  q u i t e  s u s c e p t i b l e  t o  w e a t h ­

e r i n g  and so a r e  e a s i l y  e x f o l i a t e d  and decomposed .  F u r t h e r ,  t h e  compos i­

t i o n  o f  g l a c i a l  d e b r i s  i n  b o t h  B u l l  Lake ( ? )  and P i n e d a l e  ( ? )  d e p o s i t s  ap­

p e a r s  t o  be c o n s i s t e n t  w i t h  t h a t  d e s c r i b e d  on page 28 t h r o u g h o u t  t h e  a r e a .

(3)  S o i l  p r o f i l e  d e v e lopm en t  -  S u b s t a g e s  o f  W iscons in  g l a c i a t i o n  have been 

d i s t i n g u i s h e d  i n  o t h e r  a r e a s  by t h e  d e g r e e  of  s o i l  p r o f i l e  d e ve lopm en t .

F o r  example ,  p r o f i l e s  on B u l l  Lake and P i n e d a l e  t i l l  on t h e  e a s t  s l o p e  of  

Rocky Mounta in  N a t i o n a l  P a rk ,  C o lo rado  a r e  d e s c r i b e d  by Richmond (1960).  as  

b e i n g  q u i t e  d i f f e r e n t .  B u l l  Lake s o i l s  i n  t h a t  a r e a  a r e  w e l l  d e v e lo p e d  

and a r e  as  much as  f i v e  f e e t  t h i c k  i n  c o n t r a s t  t o  t h e  immature  P i n e d a l e  

s o i l s  w i t h  t h i c k n e s s e s  o f  12 t o  18 i n c h e s .  Howpver , an a t t e m p t  t o  d i s t i n ­

g u i s h  s u b s t a g e s  o f  W is c o n s in  g l a c i a t i o n  i n  I n d i a n a  on t h e  b a s i s  o f  s o i l  p r o -  • 

f i l e  by T h o r n b u ry  (1940)  was e s s e n t i a l l y  u n s u c c e s s f u l .  A c c o r d in g  t o  F l i n t  

( 1 9 4 9 ) ,  age c o r r e l a t i o n s  o f  g l a c i a l  d r i f t  g e n e r a l l y  c a n n o t  be r e l i a b l y

Z
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d e t e r m i n e d  on t h e  b a s i s  o f  s o i l  p r o f i l e  de ve lopm en t  b e c au s e  o f  t h e  com­

p l e x i t y  o f  s o i l  fo rm in g  f a c t o r s .

In  t h i s  s t u d y ,  s o i l  p r o f i l e s  on P i n e d a l e  (?)  and B u l l  Lake (?)  mor­

a i n e s  were examined a t  v a r i o u s  p l a c e s  i n  and n e a r  t h e  map a r e a  i n  an a t ­

t em pt  t o  d i f f e r e n t i a t e  d e p o s i t s  o f  t h e  two s u b s t a g e s .  I f  a s t u d y  o f  t h i s ! 

t y p e  i s  t o  be- v a l i d ,  a c o n s i d e r a t i o n  must  be g i v e n  t o  t h e  v a r i a b l e s  a f f e c t ­

i n g  s o i l  p r o f i l e  d e v e lo p m e n t .  The most  i m p o r t a n t  v a r i a b l e s  a r e  t im e ,  type
'

o f  p a r e n t  m a t e r i a l ,  c l i m a t e ,  v e g e t a t i o n ,  and t o p o g r a p h y .  Because  t im e  i s  

t h e  v a r i a b l e  t o  be c o n s i d e r e d ,  t h e  o t h e r  s o i l  fo rm ing  f a c t o r s  must  be c a r e ­

f u l l y  c o n t r o l l e d .  The s o i l  p r o f i l e s  t o  be s t u d i e d  must  be l o c a t e d  in  a r e a s  

o f  s i m i l a r  c l i m a t e ,  v e g e t a t i o n ,  and t o p o g r a p h y ,  and must  have o r i g i n a t e d  

from t h e  same t y p e  o f  p a r e n t  m a t e r i a l .  The p r o f i l e s  s t u d i e d  were l o c a t e d  

a lo n g  road  c u t s  i n  r e a s o n a b l y  f l a t  s u r f a c e s .  The p a r e n t  m a t e r i a l  ( g l a c i a l  

t i l l  and l o e s s )  and t h e  v e g e t a t i o n  ( s h o r t  g r a s s )  were r e a s o n a b l y  s i m i l a r - 

where t h e  s o i l s  w e r e , e x a m in e d .

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

r e l a t i v e  t im e  f a c t o r ,  a r e  t h e  d e p t h  and t h e  t h i c k n e s s  o f  t h e  Cfia h o r i z o n .  

O t h e r  c h a r a c t e r i s t i c s  which m igh t  have been u s e f u l  f o r  com par i son  i n c l u d e  

d e p t h s  and t h i c k n e s s e s  of A and B h o r i z o n s ,  o r g a n i c  and i o n i c  c o n s t i t u e n t s  i n  

t h o s e  h o r i z o n s , and t y p e s  o f  c l a y  p r e s e n t .  These  c h a r a c t e r i s t i c s  a r e  a l l  

i n t e r r e l a t e d  t o  some d e g r e e  and a r e  a s s o c i a t e d  w i th  t h e  s o i l  fo rm ing  f a c ­

t o r s  t h a t  c a u se  CgCOg a c c u m u l a t i o n  so were n o t  u t i l i z e d  i n  t h i s  s t u d y .  Ta­

b l e  I I  shows t h e  r e s u l t s  o f  Cca h o r i z o n  com par i sons  i n  t h i s  s t u d y .  If any . 

g r o s s  m o r p h o l o g ic  d i f f e r e n c e  be tween  Bull Lake (?) and P ineda le  (?) s o i l s  e x i s t s  

i n  t h e  u ppe r  Y e l lo w s to n e  V a l l e y ,  i t  s h o u ld  have been n o ted  i n  t h e  compar ison
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TABLE T I .  S o i l  P r o f i l e  Comparisons

L o c a t i o n

N. E . c o r n e r , s e c .  13, T. 5 S. PO CD P
l

N. W. c o r n e r , s e c .  5 T.  5 S . , R. 9 E.
N. E. c o r n e r , s e c .  34,  T. 5 S. , R. 8  E.
N. E. c o r n e r , s e c .  3 ,  T.  6  S . , R. 8  E.
N. W. c o r n e r , s e c .  I ,  T. 6  S . , R . 8  E .
s. E . c o r n e r , s e c .  27, T. 5 S. , R. 8  E .w. s i d e ,  s e c . 31 ,  T.  6  S . ,  R. 8  E.

I . 2 . CO 5.

P o s s i b l e  S u b s t a g e

B u l l  Lake
B u l l  Lake
P i n e d a l e
P i n e d a l e
P i n e d a l e
P i n e d a l e
P i n e d a l e

6 . 7.

s c a l e  1 : 2 0 loess



55

o f  t h e s e  s o i l  p r o f i l e s .  The o n ly  p o s s i b l e  d i s t i n c t i o n  which m ig h t  be 

n o t e d  in  t h e s e  p r o f i l e s  i s  t h a t  t h e  two B u l l  Lake (?) s o i l s ;  a p p e a r  to  have 

a d e e p e r  and t h i c k e r  Cca h o r i z o n .  The v a l i d i t y  of  t h i s  d i s t i n c t i o n  i s  

q u e s t i o n a b l e , however ,  b e c a u s e  o n ly  a few p r o f i l e s  were compared.  The 

c h a r a c t e r  o f  t h e  Cca h o r i z o n  and t h e  r e s t  o f  t h e  p r o f i l e  v a r i e s  a g r e a t  

d e a l  i n  b o th  B u l l  Lake ( ? )  arid P i n e d a l e : C?)"^ s o i l s  ih' t h e  m a p ^ f e a ; ' '  Some 

e x p o s u r e s  .'show t h e .  supposed:  y o u h f e r " s o l t i - w i t h ^a W t t e r - ' d e v e l o p e d : p r o f i l e  

• t h a n  t h a t  o f  t h e  o l d e r  s o i l  (compare 5 and 7 w i t h  2 ) .  T h i s  s i t u a t i o n  can,  

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

o f  l o e s s ,  which i n f l u e n c e  p r o f i l e  d e v e lopm en t  (compare 5 w i t h  2) b u t ,  i n  

o t h e r  e x p o s u r e s ,  i t  i s  a p p a r e n t l y  no t  c o n s i s t e n t  w i th  t h e s e  v a r i a b l e s  

(compare 7 w i t h  2 ) .  I f  t h e  c o n c e p t  o f  two s u b s t a g e s  o f  g l a c i a t i o n  i s  

c o r r e c t ,  t h e  s o i l s  t h a t  d e v e lo p e d  on d e p o s i t s  of  d i f f e r e n t  ages  do no t  

a p p e a r  t o  have  any g r o s s  m o rp h o lo g ic  d i s t i n c t i o n s  d e s p i t e  a t  l e a s t  a 

10*000 y e a r  age d i f f e r e n c e .  I t  i s  p o s s i b l e  t h a t  c l i m a t i c  c o n d i t i o n s  were 

such t h a t  p r o f i l e  d e v e lopm en t  p r o c e e d e d  to o  s lo w ly  be tween  B u l l  Lake and 

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

r e s p e c t i v e  s o i l s .  Or ,  i t  i s  p o s s i b l e  t h a t  wind removed t h e  s o i l  as  f a s t  

as  i t  f o rm e d .  Whatever  t h e  e x p l a n a t i o n  may be ,  i f  two s u b s t a g e s  of  Wis­

c o n s i n  g l a c i a t i o n  o c c u r r e d  i n  t h e  uppe r  Y e l lo w s to n e  V a l l e y ,  i t  i s  e v i d e n t  

t h a t  t h e  g r o s s  f e a t u r e s  o f  s o i l  p r o f i l e s  c a n n o t  be used r e l i a b l y  f o r  s up­

s t a g e  d i s t i n c t i o n .  1

(4)  S t r a t i g r a p h i c  r e l a t i o n s h i p s  -  I n  t h e  map a r e a ,  a number o f  s t r a t i g r a p h i c  

r e l a t i o n s h i p s  a r e  p r e s e n t  which may be p e r t i n e n t  t o  t h e  B u l l  Lake -  P i n e -  

d a l e  c o n c e p t  o f  W is c o n s in  g l a c i a t i o n .  Among t h e s e  a r e  d e p o s i t s  o f  outwash



arid l o e s s  which a p p e a r  t o  be o v e r l a i n  and u n d e r l a i n  by g l a c i a l  t i l l .  Fo r  

e x a m p l e , on t h e  n o r t h  s i d e  o f  a d r e d g e  pond n e a r  t h e  mouth o f  Em ig ran t  

Gulch ,  ou twash  d e p o s i t s  o v e r l i e  g l a c i a l  t i l l  and a p p e a r  t o  be a l s o  o v e r -  

l a i n .  by t i l l .  E xposure  o f  t h i s  r e l a t i o n s h i p  i s  poor  ( s e e  f i g u r e  12) bu t  

by c l o s e  s c r u t i n y  and by d i g g i n g ,  t h e  outwash  can be t r a c e d  b e n e a t h  mor­

a i n e  a t  t h e  mouth o f  E m ig ra n t  Gulch-.-.

T h in  d e p o s i t s  o f  s i l t  and f i n e  sand which a r e  a p p a r e n t l y  b u r i e d  by

g l a c i a l  t i l l  a r e  exposed  a lo n g  th e  o ld  E m ig r a n t  Creek  c h a n n e l  abou t  one

m i l e  above i t s  j u n c t u r e  w i t h  t h e  highway i n  s e c .  34 ,  T . 5 S . ,  R. B E .

and a lo n g  t h e  e a s t  bank o f  t h e  Y e l lo w s to n e  R i v e r  i n  s e c .  23,  T. 5 S . ,

R. 8  E.  Both  o f  t h o s e  d e p o s i t s  a p p e a r  t o  be l o e s s  which has  ac cum ula te d

on,  and t h e n  been c ove red  by ,  g l a c i a l  t i l l .  However, b o th  e x p o s u r e s  a r e
.

l o c a t e d  on s t e e p  s l o p e s  so s lum ping  may have p roduced  t h i s  r e l a t i o n s h i p .

In  a sm a l l  g u l l y  i n  t h e  s ou th  p a r t  o f  s e c .  34 ,  I .  5 S . ,  R. B E . ,  

a sequence  o f  p o s s i b l e  g l a c i a l  l a k e  d e p o s i t s  w i th  i n t e r b e d d e d  g l a c i a l  t i l l  

i s  e x p o s e d .  The n o r t h  s i d e  of  t h e  g u l l y  shows a t h i c k  d e p o s i t  of  s i l t  

With an u ppe r  zone o f  c o a r s e l y  v a rv e d  c l a y  beds  o v e r l a i n  by g l a c i a l  t i l l  

o f  v a r y i n g  t h i c k n e s s . The t i l l  i s  o v e r l a i n  by a t h i n ,  i r r e g u l a r  zone of  

s i l t  and c l a y  which i s  i n  t u r n  o v e r l a i n  by more g l a c i a l  t i l l .  I f  t h e s e  

z one s  o f  c l a y  and s i l t  a r e  t r u e  g l a c i a l  l a k e  d e p o s i t s  o r  i f  t h e y  a r e  l o e s s  

d e p o s i t s ,  a t  l e a s t  t h r e e  adva nce s  o f  p iedm ont  i c e  must  have  o c c u r r e d .

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

W is c o n s in  piedrtiont  g l a c i a l  a c t i v i t y  was e p i s o d i c  and c h a r a c t e r i z e d  a t  

l e a s t  by i n t r a g l a c i a l  a dva nce s  and r e t r e a t s  i f  no t  d i s t i n c t  W isc o n s in  

s u b s t a g e s .  T h e s e  r e l a t i o n s h i p s  do n o t  i n d i c a t e  any g r e a t  t i m e - b r e a k  i n

56
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F i g u r e  12.

Outwash o v e r  m ora ine  a t  d r e d g e  pond n e a r  mouth o f  E m ig ra n t  Gulch.

g l a c i a l  a c t i v i t y  no r  do t h e y  i n d i c a t e  t h e  e x t e n t  o f  r e c e s s i o n  o f  p iedmont  

i c e .  T h e s e  r e l a t i o n s h i p s  cou ld  e q u a l l y  w e l l  have been p roduced  by s h o r t  

r e c e s s i o n a l  p h a s e s  o f  one s u b s t a g e  o r  by two d i s t i n c t  s u b s t a g e s  of  Wis­

c o n s i n  g l a c i a t i o n .

(5)  W is c ons in  p h y s i o g r a p h i c  r e l a t i o n s h i p s  -  I n  and n e a r  t h e  map a r e a ,  a 

number o f  t o p o g r a p h i c  f e a t u r e s  s u g g e s t  more t h a n  one phase  of  g l a c i a l  

d e p o s i t i o n .  F o r  exa mple ,  i n  a t  l e a s t  two p l a c e s  n e a r  t h e  g l a c i a l  t e r m i n u s ,  

m o r a i n a l  s u r f a c e s  l i e  a d j a c e n t  to  and lower  than  th e  i n n e r  outwash p l a i n .  

The most  s t r i k i n g  exam ples  o f  t h i s  r e l a t i o n s h i p  a r e  i n  s e c t i o n s  25 and 26, 

T. 5 S . ,  R. 8  E. where smal l  a r e a s  o f  knob and k e t t l e  t o p o g ra p h y  l i e  a t  

lower  e l e v a t i o n s  t h a n  t h e  i n n e r  outwash  s u r f a c e  ( s e e  f i g u r e  13 ) .  The
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F i g u r e  13. View from i n n e r  outwash  p l a i n ,  shows o ld  ch a n n e l  p a r t i a l l y  
f i l l e d  w i t h  g l a c i a l  t i l l .

bo t tom s  o f  t h e  d e p r e s s i o n s  i n  t h e s e  m o r a i n a l  d e p o s i t s  a r e  as  much as  60 

f e e t  be low t h e  s u r r o u n d i n g  outwash  p l a i n .  A s i m i l a r  r e l a t i o n s h i p  i s  

d e s c r i b e d  by Alden (1934 ,  p .  123) a lo n g  th e  Y e l lo w s to n e  R i v e r  abou t  two 

m i l e s  n o r t h  o f  E m i g r a n t .  At t h i s  l o c a t i o n ,  m ora ine  i s  p r e s e n t  a t  lower 

e l e v a t i o n s  th a n  t h e  mouths o f  hang ing  B u l l  Lake (?)  outwash  c h a n n e l s  on 

t h e  wes t  s i d e  o f  t h e  r i v e r .  A l though  th e  i n n e r  outwash p l a i n  i s  d e f i n i t e l y  

younge r  t h a n  m o r a i n a l  d e p o s i t s  n o r t h  o f  t h e  mouth o f  M i l l  C re e k ,  i t  must 

be o l d e r  t h a n  t h o s e  d e s c r i b e d  above .  An a l t e r n a t i v e ,  b u t  l e s s  l i k e l y ,  e x ­

p l a n a t i o n  f o r  t h e  p r e s e n c e  o f  t h e s e  se em in g ly  younger  g l a c i a l  d e p o s i t s  i s  

t h a t  t h e y  were a s s o c i a t e d  w i t h  l o b e s  o f  i c e  t h a t  d i d  n o t  m e l t  u n t i l  a f t e r
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t h e  i n n e r  ou twash  p l a i n  had d e v e lo p e d  a round  them. T h i s  i s  a p o s s i b i l i t y ,  

b u t  t h e  e x t e n s i v e , w e l l - t e r r a c e d  outwash  p l a i n  l i k e l y  needed  a c o n s i d e r a b l e  

t im e  t o  d e v e l o p .  A c c o rd in g  t o  F l i n t  (1952,  p. 152) ,  a d e t a c h e d  mass of  

g l a c i a l  i c e ,  p r o b a b l y  would n o t  l a s t  f o r  much more t h a n  70 y e a r s .

A l s o ,  t h e  i c e - m a r g i n a l  ch a n n e l  be tween  t h e  mouth o f  E m ig r a n t  Gulch 

and Chico  Hot  S p r i n g s  ha s  been  b lo ck e d  by g l a c i a l  m ora ine  a t  some t im e  a f ­

t e r  t h e  c h a n n e l  was formed ( s e e  f i g u r e  1 0 ) .  I t  i s  p o s s i b l e  t h a t  t h e  ch a n n e l
, I

d e v e lo p e d  d u r i n g  an advance  o f  t h e  p iedm ont  i c e  and was l a t e r  b l o c k e d  by 

m ora ine  d e p o s i t e d  d u r i n g  t h e  r e t r e a t  o f  t h a t  i c e .  However,  t h i s  f e a t u r e ,  

and t h e  r e l a t i o n s h i p  o f  m ora ine  t o  outwdsh p l a i n  d e s c r i b e d  above a r e  more 

e a s i l y  e x p l a i n e d  by a s i n g l e  h y p o t h e s i s  o f  two advances  o f  W iscons in  p i e d ­

mont  i c e ,  e s p e c i a l l y  when s u p p o r t e d ,  w i t h  s t r a t i g r a p h i c  e v i d e n c e , t h a n  by 

two o r  more d i f f e r e n t  h y p o t h e s e s .  T h e r e  i s  no i n d i c a t i o n  o f  t h e  t ime  i n ­

t e r v a l  be tw een  adva nce s  a l t h o u g h  i t  must  have been s u f f i c i e n t  f o r  a w e l l -  

d e v e lo p e d  ou twash  p l a i n  t o  form and p r o b a b l y  f o r  t h a t  s u r f a c e  t o  become 

d i s s e c t e d  t o  d e p t h s  o f  a t  l e a s t  60 f e e t . The t im e  r e q u i r e d  f o r  t h i s  amount 

o f  e r o s i o n  by an a c t i v e  r i v e r  o r  s t r e a m  i s  p r o b a b l y  n o t  t o o  g r e a t  b e c au s e  

g l a c i a l  t i l l  i s  v e r y  e a s i l y  e r o d e d .  Because  t h e  B u l l  Lake -  P i n e d a l e  

r e l a t i o n s h i p . i s  so u n c e r t a i n  i n  t h e  uppe r  Y e l lo w s to n e  V a l l e y ,  t h e  a p p a r ­

e n t l y  o l d e r  and younge r  g l a c i a l  d e p o s i t s  have been mapped i n  t h i s  s tu d y  

as  and Qg^, r e s p e c t i v e l y ,  w i t h o u t  d e p e n d in g  on a s t r i c t  c o r r e l a t i o n  

t o  e s t a b l i s h e d  s t a g e s  i n  o t h e r  com parab le  a r e a s .
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C o n c l u s io n s

E v id e n c e  i s  r e a s o n a b l y  c o n c l u s i v e  t h a t  a t  l e a s t  two advances  of  

W is c o n s in  p iedm on t  i c e  o c c u r r e d  i n  t h e  uppe r  Y e l lo w s to n e  V a l l e y .  The 

d e p o s i t s  o f  l o e s s ,  ou tw ash ,  and l a c u s t r i n e  s e d im e n t s  which a r e  o v e r a l i n  

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

t o  and low er  t h a n  t h e  i n n e r  o u t w a s h . p l a i n ,  and t h e  b lo c k e d  i c e - m a r g i n a l  

ch a n n e l  n e a r  Chico  a l l  i n d i c a t e  a t  l e a s t  two p h a s e s  o f  p iedm ont  g l a c i a l  

a c t i v i t y .  However , t h e  t im e  i n t e r v a l  n e c e s s a r y  f o r  t h e  d e v e lopm en t  of  

t h e s e  f e a t u r e s  cou ld  e a s i l y  be much l e s s  t h a n  th e  10 ,000  t o  20;000  y e a r s  

s e p a r a t i n g  B u l l  Lake and P i n e d a l e  g l a c i a l  s u b s t a g e s  as  d a t e d  i n  o t h e r  

comparab le  a r e a s .  F u r t h e r ,  e v i d e n c e  f o r  such a t ime  i n t e r v a l  was n o t  

found  i n  t h e  a n a l y s e s  o f  p r e s e r v a t i o n  o f  g l a c i a l  f e a t u r e s ,  w e a t h e r i n g  and 

c o m p o s i t i o n  o f  d e b r i s ,  and s o i l  p r o f i l e  d e v e lo p m e n t .

W i t h o u t  more d e f i n i t e  e v i d e n c e  such as  r a d i o - c a r b o n  age d e t e r m i n a ­

t i o n s ,  i t  c a n n o t  be d e f i n i t e l y  e s t a b l i s h e d  t h a t  bo th  B u l l  Lake and P i n e -  

d a l e  p iedm ont  i c e  d e s c e n d e d  t h e  upper  Y e l lo w s to n e  V a l l e y  as  f a r  as  M i l l  

C r e e k .  The p r e s e n c e  o f  a t e r m i n a l  m ora ine  (M ontagne , p e r s o n a l  communica­

t i o n ,  1963) n e a r  t h e  town o f  G a r d i n e r  ( s e e  f i g u r e  3 . )  s u g g e s t s  t h a t  t h e  

l a s t  p iedm ont  g l a c i e r  t o  fo rm in  Y e l lo w s to n e  N a t i o n a l  P a r k ,  p o s s i b l y  i n  

t h e  P i n e d a l e  s u b s t a g e ,  d i d  n o t  e n t e r  t h e  uppe r  Y e l lo w s to n e  V a l l e y .  Be­

cause  o f  t h e  l a c k '  o f  c o n c l u s i v e  e v i d e n c e  f o r  two s u b s t a g e s  o f  Wiscons in  

p iedm ont  g l a c i a t i o n  n o r t h  o f  G a r d i n e r ,  a l o g i c a l  i n t e r p r e t a t i o n  based  on 

p r e s e n t  knowledge would be t h a t  t h e  main v a l l e y  was o c c u p ie d  by p iedm ont  

i c e  on ly  d u r i n g  t h e  B u l l  Lake s u b s t a g e ,  t h a t  a t  l e a s t  two m ino r  advances  

o c c u r r e d  i n  t h a t  s u b s t a g e , and t h a t  t h e  P i n e d a l e  p iedmont  g l a c i e r  advanced
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o n ly  t o  t h e  n o r t h e r n  bounda ry  o f  t h e  P a r k .

P o s t - G l a c i a l  Geomorphology

F o l l o w i n g  t h e  r e t r e a t  o f  W is c o n s in  p iedmont  i c e  f rom t h e  upper  

Y e l lo w s to n e  V a l l e y ,  t h e  r i v e r  and i t s  t r i b u t a r i e s  began d o w n c u t t i n g  th ro u g h  

t h e  m o r a i n a l  and outwash  d e p o s i t s  which had a c cum ula ted  on t h e  v a l l e y  

f l o o r .  C y c l e s  o f  d o w n c u t t i n g  f o l l o w e d  by l a t e r a l  e r o s i o n  l e f t  a s e r i e s  

o f  t h r e e  matched  t e r r a c e s  i n  t h e  map a r e a  a lo n g  E m ig ra n t  Creek  and t h e  

Y e l lo w s to n e  R i v e r .  F o r  a b o u t  10 m i l e s  n o r t h  o f  E m ig r a n t ,  t h e  t e r r a c e s ,  

mapped as  , T^ ,  and T^ ,  m a i n t a i n  s t r i k i n g l y  c o n s i s t e n t  e l e v a t i o n s  abou t  

50,  25, and 10 f e e t , r e s p e c t i v e l y ,  above t h e  p r e s e n t  r i v e r  bed .  T h i s  

c o n s i s t e n c y  may i n d i c a t e  t h a t  t h e  l o c a l  b a s e  l e v e l  i s  d e p e n d e n t  on some 

f a c t o r  a c o n s i d e r a b l e  d i s t a n c e  away. The low er  canyon o f  t h e  Y e l lo w s to n e  

R i v e r  i s  c a r v e d  i n  b e d ro c k  and so would be l i k e l y  t o  c o n t r o l  t h e  g r a d i e n t -  ■ 

u p s t r e a m  from t h a t  p o i n t .  However , t h e  r i v e r  now a p p e a r s  t o  be f l o w in g  

on u n c o n s o l i d a t e d  a l l u v i u m  i n  t h e  canyon so a p p a r e n t l y  t h e  b a s e  l e v e l  

f o r  t h e  u ppe r  v a l l e y  i s  c o n t r o l l e d  by some c o n d i t i o n  f a r t h e r  downst ream.

The cause  o r  c a u s e s  f o r  t h e  p e r i o d s  o f  r e j u v e n a t i o n  and o f  l a t e r a l  e r o ­

s i o n  have n o t  been d e t e r m i n e d  b u t  t h i s  c y c l i c  a c t i v i t y  m ig h t  have been 

r e l a t e d  t o  c l i m a t i c  changes  a n d / o r  s t r u c t u r a l  movement.  S t r u c t u r a l  ac ­

t i v i t y  which m ig h t  have c aused  t h e s e  c y c l e s  o f  e r o s i o n  cou ld  be r e g i o n a l  

u p l i f t  o r  c o u ld  be r e s t r i c t e d  t o  r e c u r r e n t  u p l i f t  a lo n g  t h e  B e a r t o o t h  

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

p a p e r .  I f  t h e  l a t t e r  was t h e  c a s e ,  o v e r l o a d e d  s t r e a m s  a lo n g  t h e  B e a r t o o t h  

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



a n d / o r  l a t e r a l  e r o s i o n  which formed t e r r a c e  s u r f a c e s .  A f t e r  each  s u rge  

o f  u p l i f t  o f  t h e  r ange  f r o n t . , t h e  r i v e r  and i t s  t r i b u t a r i e s  would have 

r e a d j u s t e d  t h e i r  l o c a l  g r a d i e n t s  and t h e n  a g a i n  began d o w n c u t t i n g  a c c o r d ­

i n g  t o  a b a s e  l e v e l  p r o b a b l y  l o c a t e d  downstream from t h e  lower  canyon .

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

f o r m a t i o n  o f  t e r r a c e s  a l o n g  t h e  Y e l lo w s to n e  R i v e r .  The o l d e s t  t e r r a c e  

CTj-) cou ld  be r e l a t e d  t o  t h e  c l i m a t e  a s s o c i a t e d  w i t h  t h e  l a s t  p iedm ont  

g l a c i e r  which advanced  o n ly  a s  f a r  as  G a r d i n e r .  The t e r r a c e  m igh t  be t h e

r e s u l t  of  d e c r e a s e d  run  o f f  accompanying t h e  a c c u m u la t io n  o f  snow and i c e
, ;

i n  t h e  Park  o r  cou ld  have  formed when t h e  r i v e r  was o v e r l o a d e d  w i th  o u t -  

wash from t h e  l a s t  p iedm ont  adva nce .  The c o n c e p t  i s  e x t r e m e l y  h y p o t h e t i ­

c a l  b u t  must  be c o n s i d e r e d  as  a p o s s i b i l i t y .  I f  i t  i s  t r u e ,  t h e  o l d e s t  

t e r r a c e  (T^)  may be as  o l d  as  l a t e s t  W is c o n s in .

Bo th  o f  t h e  t e r r a c e s ,  T^ and Tg a r e  g e n e r a l l y  weI I - d e v e l o p e d  and 

a r e  s e p a r a t e d  by a w e l l - p r e s e r v e d  s c a r p .  S o i l  p r o f i l e s  on t h e s e  s u r f a c e s  

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

p a r e n t  m a t e r i a l .  The. y o u n g e s t  t e r r a c e  ( T j )  i s  an e x p r e s s i o n  of  t h e  l a s t  

f l o o d p l a i n  o f  t h e  Y e l lo w s to n e  R i v e r  i n  i t s  uppe r  v a l l e y  and i s  m o s t l y  

cove re d  by a v e n e e r  o f  s i l t  and c l a y  which s o i l  fo rm ing  p r o c e s s e s  have 

n o t  y e t  s i g n i f i c a n t l y  a f f e c t e d .  The r i v e r  a p p e a r s  now t o  be s low ly  down­

c u t t i n g  and a p p a r e n t l y  i s  abandon ing  t h i s  s u r f a c e .
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Figure 2

Geomorphic Map of Part of the Upper Yellowstone

Valley, North of Emigrant Creek,
Park County, Montana
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