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Abstract:
In Tom Miner Basin south of Tom Miner Creek, an Eocene volcanic succession consists of well
bedded to crudely stratified epiclastic volcanic beds with intercalated andesite flows of
augite-hypersthene composition in the lower part of the succession and augite-hornblende-hypersthene
flows in the upper part. The entire volcanic sequence is at least 2800 feet thick and rests unconformably
on Precambrian metamorphic rock and in places on Cretaceous strata.

Vents in a north-northeast-trending horst in the Electric Peak-Sepulcher Mountain region of
Yellowstone National Park may have supplied volcanic materials to the lower part and most of the
upper part of the succession in the map area.

Dikes east of Horse Creek may have fed some of the upper andesite flows. The volcanics high in the
succession near Buffalo Horn Pass could have been supplied from sources in either the Northern
Gallatin Range, the Electric Peak-Sepulcher Mountain region, or the dikes east of Horse Creek.

Dacite has intruded the volcanic succession in the form of a stock at Sheep Mountain, a sill southwest
of Sheep Mountain and a plug east of Horse Creek. Seven andesite dikes also intrude the succession
east of Horse Creek. These intrusions are located along the northwest-trending, potassium-poor
Western Absaroka belt of volcanic centers which are in line with the Spanish Peaks Laramide reverse
fault northwest of the map area.

Probable Plio-Pleistocene rhyolitic (?) welded tuff occurs as erosional remnants along Tom Miner
Canyon between Sheep Creek and Horse Creek and also along the Yellowstone Valley east of Wigwam
Creek. The Tom Miner deposits may represent welded ash flows which came from northwest of Tom
Miner Basin.

The northeast-trending Deep Creek normal fault which forms the northwest border of the Beartooth
structural block, cannot be positively traced into the map area. If it continues into the map area, it must
trend along a strip about one-quarter mile wide, closely paralleling Tom Miner Creek, Any
displacement along this projection of the fault must have been small because Precambri an
metamorphic rock units and welded tuff remnants located on both sides of Tom Miner Creek are not
appreciably offset. 
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ABSTRACT

In Tom Mine r  Basin south o f  Tom Mine r  C re e k , an Eocene 
v o l c a n i c  success ion  c o n s i s t s  o f  w e l l  bedded t o  c r u d e l y  
s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c  beds w i t h  i n t e r c a l a t e d  an d e s i t e  
f l o w s  o f  a u g i t e - h y p e r s t h e n e  c om p o s i t i o n  i n  the  l ow e r  p a r t  o f  
the  suc cess ion  and a u g i t e - h o r n b l e n d e - h y p e r s t h e n e  f l o w s  i n  the  
upper  p a r t .  The e n t i r e  v o l c a n i c  sequence i s  a t  l e a s t  2800 
f e e t  t h i c k  and r e s t s  uncon fo rmab l y  on Precambr ian metamorphic  
rock  and i n  p l aces  on Cretaceous s t r a t a .

Vents i n  a n o r t h - n o r t h e a s t - t r e n d i ng h o r s t  i n  t he  E l e c t r i c  
Peak -Sepq lche r  Mounta in r e g i o n  o f  Ye l l o w s to ne  N a t i o n a l  Park 
may have s u p p l i e d  v o l c a n i c  m a t e r i a l s  t o  the  l ow e r  p a r t  and 
most o f  the  upper  p a r t  o f  t he  success ion  i n  the  map area.
Dikes ea s t  o f  Horse Creek may have fed  some o f  t he  upper 
a n d e s i t e  f l o w s .  The v o l c a n i c s  h i gh  i n  the  suc cess ion  near 
B u f f a l o  Horn Pass cou ld  have been s u p p l i e d  f rom sources  in 
e i t h e r  the  N o r the rn  G a l l a t i n  Range, t he  E l e c t r i c  Peak- 
Sepu l che r  Mounta in r e g i o n ,  o r  the  d ikes  eas t  o f  Horse Creek.

D a c i t e  has i n t r u d e d  t he  v o l c a n i c  success ion  i n  the  form 
o f  a s to c k  a t  Sheep Mou n ta in ,  a s i l l  sou thwes t  o f  Sheep 
Mounta in  and a p l ug  ea s t  o f  Horse Creek.  Seven a n d e s i t e  d i k e s  
a l so  i n t r u d e  the  suc cess ion  ea s t  o f  Horse Creek.  These 
i n t r u s i o n s  are l o c a t e d  a l ong  t he  n o r t h w e s t - t r e n d i n g ,  po tass ium-  
poor  Western Absaroka b e l t  o f  v o l c a n i c  cen te r s  which are in 
l i n e  w i t h  the  Spanish Peaks Laramide re ve r se  f a u l t  no r t h w es t  
o f  the  map area .

Probab le  P l i o - P l e i s t o c e n e  r h y o l i t i c  (?)  welded t u f f  
occurs  as e r o s i o n a l  remnants a l ong  Tom Miner  Canyon between 
Sheep Creek and Horse Creek and a l s o  a long the  Ye l l ows tone  
V a l l e y  ea s t  o f  Wigwam Creek.  The Tom Miner  d e p o s i t s  may 
r e p r e s e n t  welded ash f l o w s  which came f rom n o r t h w e s t  o f  
Tom Miner  Bas in .

The n o r t h e a s t - t r e n d i n g  Deep Creek normal f a u l t  which 
forms t he  n o r t h w e s t  bo rd e r  o f  t he  Bea r t oo th  s t r u c t u r a l  b l o c k ,  
cannot  be p o s i t i v e l y  t r a c e d  i n t o  t he  map area .  I f  i t  
c o n t i n u e s  i n t o  the  map a r ea ,  i t  must  t r e n d  a l ong  a s t r i p  about  
o n e - q u a r t e r  m i l e  w i d e ,  c l o s e l y  p a r a l l e l i n g  Tom M ine r  Creek,
Any d i s p la c e m e n t  a l ong t h i s  p r o j e c t i o n  o f  the  f a u l t  must have 
been smal l  because Precambr i  an metamorph ic  rock  u n i t s  and 
welded t u f f  remnants l o c a t e d  on both s i des  o f  Tom Miner  Creek 
are no t  a p p r e c i a b l y  o f f s e t .



I .  INTRODUCTION

L o c a t i o n

The map a r e a , c o n s i s t i n g  o f  a p p r o x i m a t e l y  40 square 

m i l e s ,  i s  l o c a t e d  i n  the  G a l l a t i n  Range o f  Southweste rn  

Montana a p p r o x i m a t e l y  35 m i l es  sou thwes t  o f  L i v i n g s t o n  and 

20 m i l es  n o r t h w e s t  o f  G a r d in e r .

The G a l l a t i n  Range i s  a mounta inous area e x t e n d in g  f rom 

near  Bozeman 50 m i l es  sou thward i n t o  Y e l l o w s t o ne  N a t i o na l  

Park and occ upy ing  the 20 t o  30 m i l e  wide area between the 

G a l l a t i n  and Y e l l o w s to n e  R i v e r s .  I t  i s  p a r t  o f  the  Nor thern  

Rocky Mounta in p h y s i o g r a p h i c  p r o v i n c e  o f  Fenneman (1931 ) .

The map area i s  bounded on the n o r t h e a s t  by the 

Y e l l o w s t o ne  R i v e r ,  on the s o u th e a s t  by the d i v i d e  between 

Tom M ine r  and C innabar  Bas ins ,  on the  south by t he  n o r t h e rn  

boundary o f  Y e l l o w s t o n e  N a t i o n a l  Park ,  on the wes t  by the 

G a l l a t i n - Y e l l o w s t o n e  d i v i d e  and on the no r t h  by Tom Miner  

Creek ( F i g u r e  I ) .

Regional  S e t t i n g

Tom Mine r  Basin i s  l o c a t e d  i n  the n o r t hw e s t  p o r t i o n  o f  

what  i s  termed the A b s a r o k a - G a l l a t i n  v o l c a n i c  p r o v i n c e  ( ‘R. A.
ri: /

Chadwick,  i n  p r e s s ) .  Th i s  e a r l y  T e r t i a r y  v o l c a n i c  p r ov in c e  

ex tends  no r t h w e s tw a r d  n e a r l y  150 m i l e s  f rom near  Thermopol  i s ;

Wyoming t o  the  G a l l a t i n  R i v e r  sou thwes t  o f  Bozeman, Montana 

( F i g u r e  2 ) .

f.
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Many worke rs  have no ted t h a t  A b s a r o k a - G a l l a t i n  v o l c a n i c s  

were e x t r u d e d  f rom a number o f  v o l c a n i c  cen te r s  t h a t  l i e  on a 

n o r t h w e s t - t r e n d i n g  zone . The p r i n c i p a l  cen te r s  thus  f a r  

r e c og n i z ed  are shown i n  F igu re  2 and l i e  a l ong two s u b p a r a l l e l  

b e l t s :  the  Western Absaroka b e l t  and the Eas te rn  Absaroka

b e l t  ( R. A. Chadwick,  i n  p r e s s ) .  The Western b e l t  cen te r s  

a r e :  ( I )  K i r w i n  area ( H e w e t t , 1914;  Rouse, 1940;  W i l s o n ,

1964a,  1964b ) ;  (2)  Ishawooa area (Rouse,  1933,  1937;  F i s h e r ,

1 96 7 ) ;  (3)  Sy l van  Pass area ( Casel  l a ,  1 96 7 ) ;  (4)  Mr. Washburn

( S c h u l t z ,  1962,  1968) ;  (5)  E l e c t r i c  Peak -Sepu lcher  Mt.
\

(Hague, I d d in g s  and Weed, 1899 ; Smedes, 1968) ;  (6 )  Porcup ine 

Creek p lugs  ( H a l l ,  1961) .  The Eas te rn  Absaroka b e l t  v o l c a n i c  

c e n te r s  a r e :  (7)  S u n l i g h t  c e n te r s  (Pa rsons ,  1939,  1958,  1968) ;

(8)  H u r r i c a n e  Mesa area (Rouse, 1947;  K rush ensky , I 9 6 0 ,  1962) ;

(9 )  Cooke C i t y  area ( C o v e r i n g ,  1 929); ,  (10)  Independence area

( Emmons, 1908;  R u b e l , 1 964,  1968) ; (11)  Emigran t  Peak area 

(A. L. E a s i e r ,  1965,  1966) ;  (12)  P o i n t  o f  Rocks area 

(Chadwick ,  1 965 ; Chadwick and McCaskey, 1 968) ; (13)  Nor thern  

G a l l a t i n  Range d i ke  swarm (Chadwick ,  1964) .  ,

Chadwick (1968)  found t h a t  t he  Eastern  Absaroka b e l t  

c e n te r s  are g e n e r a l l y  r i c h e r  i n  po tash than t hose o f  the 

Western Absaroka b e l t  and t h a t  the  Eastern and Western b e l t s ,  

t r a c e d  n o r t h w e s tw a rd ,  seem to  c o i n c i d e  w i t h  the  Squaw Creek 

and Spanish Peak Laramide re v e r se  f a u l t s ,  r e s p e c t i v e l y  

( F i g u r e  2 ) .
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3. Sy l van Pass area 10. Independence area
4. Mt.  Washburn 11 . Emigrant  Peak area
5. E l e c t r i c  Peak -Sepu lcher Mt.  12. P o i n t  o f  Rocks area
6. Porcup ine  Creek s tocks 13. G a l l a t i n  Range d i ke  swarm
7. S u n l i g h t  c e n te r s

- -  K_ - -  Eas te rn po tass ium r i c h  b e l t
- -  K - -  Western po tass ium poor  b e l t

" D. C. "  Deep Creek f a u l t "S.P . "  Spanish Peaks f a u l t
"S . C . 11 Squaw Creek f a u l t " G. " Ga rd ine r  f a u l t
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These f r a c t u r e  zones may be t r a c e d  f u r t h e r  no r t hwes twa rd  

across  the Madison Range t o - t h e  v i c i n i t y  o f  the Tobacco Root 

b a t h o l i t h  ( Pe a l e , 1896;  Swanson, 1 950 ; Re id ,  1 957 ; A n d r e t t a  

and Al sup,  1 960 ; Kavanagh, 1 965 ; B e c r a f t  and o t h e r s ,  1 966) .

Rock t ypes  reco rded  a l ong the  Eas tern  Absaroka b e l t  

i n c l u d e  a n d e s i t e s ,  t r a c h y a n d e s i t e s , l a t i t e s ,  monzon i t e s , 

o r t h o c l a s e  b a s a l t s ,  gabbros ,  d i o r i t e s  and s y e n i t e s .  The 

Western ^ e l t  assemblage i s  p r e d o m i n a n t l y  normal  c a l c - a l k a l i c  

a n d e s i t e s ,  dac i t es , -  b a s a l t s  and t h e i r  phaner i  t i  c e q u i v a l e n t s  

(Chadwick ,  1968) .

These rocks t ake  the  form o f  s t o c k s , p l u g s ,  s h e e t s , 

l a c c o l i t h s ,  d i k e s ,  l ava  f l o w s ,  v o l c a n i c  b r e c c i a s  and o t h e r  

v o l c a n i c l a s t i c  rocks  which h a v e . i n  l a r g e  p a r t  come f rom 

the c e n te r s  a l ong  the  Eas te rn  and Western Absaroka b e l t s .

Chemical  and m i n e r a l o g i cal  d i f f e r e n c e s  between the 

ma jo r  igneous rock  assemblages o f  - the  two b e l t s  may suggest  

t h a t  the Eas te rn  and Western b e l t s  tapped a somewhat d i f f e r ­

en t  magma s e r i e s  (R. A. Chadwick,  o r a l  commun ica t i on ,  1968) .

P rev ious  Geo log ic  I n v e s t i g a t i o n s

E a r l i e s t  d e t a i l e d  g e o l o g i c  work i n  the re g i o n  was 

conducted by the Un i t e d  S ta tes  G eo lo g i c a l  Survey ,  1883-93 

(Hague, I d d in g s  and Weed, 1894,  1896;  P e a l e , 1896) .

Tjie L i v i n g s t o n  F o l i o  (Hague,  I d d in g s  and Weed, 1894)

)
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d e s c r i b e d  the geo logy  o f  Tom Miner  Basin f rom the T i l t h  

m e r i d i a n  t o  the  Y e l l o w s to ne  Va l l ey . ,  The igneous rocks were 

c l a s s i f i e d  t o g e t h e r  as " b a s i c  a n d e s i t i c  b r e c c i a s  and f l o w s " .  

Precambr i an g r a n i t e ,  gne i ss  and s c h i s t  were d e s c r i b e d  

s e p a r a t e l y  bu t  mapped as " Precambr i  an u n d i f f e r e n t i a t e d " .

The Three Forks F o l i o  ( Pe a l e , 1896) i n c l u d e s  a genera l  

d e s c r i p t i o n  o f  the  geo logy  o f  Tom Mine r  Basin west  o f  the 

T i l t h  m e r i d i a n .  The igneous rocks  t h e r e  were mapped as 

" b a s i c  a n d e s i t i c  b r e c c i a s  a n d - f l o w s " .  Hague, I d d i n g s  and 

Weed (1896,  1899) d e s c r i b e  what  appears to  be the same u n i t  

as " e a r l y  b a s i c  b r e c c i a " ,  a sequence o f  v o l c a n i c  b r e c c i a s  

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

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

I i t h o l o g y . . .

No d e t a i l e d  g e o l o g i c  i n v e s t i g a t i o n s  are known i n  Tom 

Miner  Basin s i n c e  1893.

In the  s u r r o u n d i n g  a re as ,  HalT (1961)  mapped a l a r g e  

p o r t i o n  o f  the  upper  G a l l a t i n  V a l l e y  west  o f  Tom Mine r  Bas in .  

Bryden (1 950) s t u d i e d  the Precambr i  an eas t  o f  Tom Miner  

Basin i n  Yankee Jim Canyon. The Rock Creek-B ig  Creek area 

n o r t h  o f  Tom Mine r  Basin i s  c u r r e n t l y  be ing s t u d i e d  by Dr. 

R . A .  Chadwick o f  Montana S ta te  U n i v e r s i t y .  Nor thwes te rn  

Y e l l o w s t o ne  N a t i o n a l  Park i s  c u r r e n t l y  under  i n v e s t i g a t i o n  

( Smedes, 1968) and Cinnabar  B as in ,  d i r e c t l y  south o f  Tom



Mine r  B a s i n 5 has been mapped by E. L . McCaskey (Pending 

M. S. T h e s i s 5 Montana S ta te  U n i v e r s i t y ) .

Purpose o f  Study .

The purpose o f  t h i s  s t udy  i s  t o :  ( I )  c o n s t r u c t  a

g e o l o g i c  map o f  the  sou the rn  p a r t . o f  Tom Miner  B as in ;  (2) 

d e s c r i b e  the rock  u n i t s  i n  f i e l d  exposures  and t h i n  s e c t i o n ;  

(3)  r e c o rd  the s t r u c t u r a l  and age r e l a t i o n s h i p s  o f  these 

rock  u n i t s ;  (4)  - d e t e r m i n e , i f  p o s s i b l e ,  the o r i g i n  o f  the 

v a r i o u s  u n i t s  en cou n t e r ed .



I I .  GEOLOGIC UNITS

Evidence used f o r  a s s i g n i n g  ages to  the v a r i o u s  g e o l o g i c  

u n i t s  w i l l  be ment i oned l a t e r  i n  t h i s  paper ,

Precambr ian Metamorph ic  Rocks

Precambr i  an metamorph ic  rocks  c rop out  ove r  a p p r o x i m a t e l y  

two square m i l e s  i n  t he  n o r t h w e s t  c o r n e r  o f  the  map a r e a .

These Precambr i  an r o c k s , u n d i f f e r e n t i a t e d  on P la te  I , i n  

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

pe gm a t i t e s  and p r ob a b l e  s i l l s .

Gneiss occu rs  p r i n c i p a l l y  sou th  o f  the  Tom Mine r  road 

b u t  ex tends  across  the e n t i r e  mapped Precambr i  an area south 

o f  the  i n t e r s e c t i o n  o f  Tepee and Wigwam Creeks.  The gneiss  

i s  t y p i c a l l y  a mass ive ,  f a i n t l y  banded,  grey and w h i t e  

gram" t i  c - f e l  d s p a th i  c r o ck .  Muscov i t e  and e p i d o t e  are l o c a l l y  

ab un d an t .

I n t e r b ed d ed  s c h i s t o s e  q u a r t z i t e  and s c h i s t  c rop out  

n o r t h  o f  the  Tom Mine r  road and south o f  the  road west  o f  

Tepee Creek below i t s  i n t e r s e c t i o n  w i t h  Wigwam Creek.  The 

s c h i s t o s e  q u a r t z i t e  i s  l i g h t  green and micaceous.  The s c h i s t  

i s  p r e d o m i n a n t l y  a dark  green h o r n b l e n d e - p l a g i o c l a s e - b i o t i t e -  

q u a r t z  s c h i s t  ( P l a t e  I I ,  F igu re  I ) ,  bu t  b i o t i t e  and ( o r )  

p i a g i o c l ase are l o c a l l y  a b s e n t . P l a g i o c l a s e  p o r p h y r o b l a s t s  , 

are abundant  l o c a l l y .

A g rey  and w h i t e ,  f a i n t l y  f o l i a t e d ,  p l a g i o c l a s e - q u a r t z -  

b i o t i t e - a u g i te.  g r a n u l i t e  i s  l o c a t e d  on Wigwam Creek near  the
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PLATE I I

A

B

C

F ig u r e  I .  Common Precambr ian rock  t ypes  in the  map area.
A. Q u a r t z - f e l d s p a r  p e g m a t i t e .
B. L i g h t  green s c h i s t o s e  q u a r t z i t e .
C. P l a g i o c l a s e - q u a r t z - b i o t i t e - a u g i t e - g r a n u l i t e .
D. Dark green s c h i s t .
E. Grey and w h i t e  gn e i s s .

F igu re  2. S i l l  i n  Precambr ian g r a n i t i c  g n e i s s .  The de forma­
t i o n  o f  the s i l l  i s  p a r a l l e l  to  the  f o l i a t i o n  o f  
the g n e i s s .

A. S i l l .
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P re c a m b r i a n - T e r t i a r y - v o l c a n i c  c o n t a c t .

Smal l  q u a r t z  v e i n s ,  pods y l enses  and smal l  q u a r t z -  

f e l d s p a r  p e gm a t i t e  masses are - common- throughout  t he  meta- 

mo rph ic  t e r r a i n .  S i l l s ,  I t o  100 f e e t  t h i c k ,  l o c a t e d  i n  the 

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

metamorph i c  f o l i a t i o n  ( P l a t e  I I ,  F i gu re  2 ) .

Ma jo r  Eocene L i t h o l o g i c  Types

Lava Flows

L i g h t  grey  t o  b l a c k  a n d e s i t e  f l o w  u n i t s , 80 t o  1400 f e e t  

t h i c k ,  are exposed i n  the map a rea .  Flow ban d in g ,  v e s i c u l a -  

t i o n  and h i g h l y  o x i d i z e d  zones i n  b r e c c i a t e d  p a r t s  and 

bounda r i es  between f l o w s  are common to  most f l o w s .

H yp e rs th e n e - A u g i t e  Ande s i t es

A n d e s i t e  f l ow s  ea s t  o f  Horse Creek,  w i t h  e l e v a t i o n s  l ess  

than 8400 f e e t ,  have exposures r a n g i n g  f rom 0.125 t o  2 square 

m i l e s .  They c o n t a i n  hypers thene  and a u g i t e  ph en o c ry s t s  w i t h  

hypers th en e  commonly more abundant  than a u g i t e  ( P l a t e  I I I ,  

F i g u r e  I ) .

A u g i t e - H o r n b l e n d e - H y p e r s th e n e  And es i t es

A n d e s i t e  f l ow s  h i g h e r  i n  the  sequence occu r  p r i n c i p a l l y  

i n - t h e  s o u t h e a s t e r n  and sou the rn  p o r t i o n s  o f  the ,map area- 

above 8400 f e e t .  They are 80 t o  480 f e e t  t h i c k  and have



abundant  phe no c ry s t s  o f  aug. i te and ho rnb lende and l ess  

abundant  ph en o c ry s t s  o f  hype rs thene  ( P l a t e  I I I ,  F i gu re  2 ) .
j

E p i c l a s t i c  V o l c a n i c  Rocks

The term " e p i c l a s t i c  v o l c a n i c  r o c k s "  i s  used here t o  d e f i n e  

s e d im en ta ry  r ocks  c o n s i s t i n g  m a in l y  o f  m a t e r i a l s  d e r i v e d  f rom 

o l d e r  rocks  o f  v o l c a n i c  and ( o r )  i n t r u s i v e  o r i g i n  ( F i s h e r ,  

1966) .

Ha l l  (1961)  d e s c r i b e s  l o c a l l y  s t r a t i f i e d  coarse v o l c a n i c  

co n g lo m e ra te s ,  i n t e r l a y e r e d  w i t h  v o l c a n i c  ash and t u f f  on 

F o r t r e s s  Mounta in a p p r o x i m a t e l y  two m i l es  n o r t h  o f  the  n o r t h ­

west  c o r n e r  o f  the map a rea .  He names these d e p o s i t s  the 

F o r t r e s s  Mounta in member o f  the Specimen Creek f o r m a t i o n .  

However,  i n  Tom Miner  Basin these d e p o s i t s  are m a in l y  b r e c c i a s  

and f i n e r  g r a i n e d  l i t h o l o g i e s  which e x h i b i t  r a p i d  l a t e r a l  and 

v e r t i c a l  v a r i a t i o n s .  T h e re fo re  H a l l ' s  t e r m i n o l o g y  i s  not  

ex tended i n t o  the  map area and e p i c l a s t i c  u n i t s  i n  the  map 

area are u n d i f f e r e n t i a t e d  on P la te  I .

The e p i c l a s t i c  d e p o s i t s  o f  Tom Miner  Bas in ,  exposed t o  a 

maximum measured t h i c k n e s s  o f  2500 f e e t ,  c o n t a i n  a l l  g rada ­

t i o n a l  t ypes  between v o l c a n i c  b r e c c i a ,  c o n g l om er a te ,  sandstone 

and s i l t s  t o n e . For t h i s  r eason ,  o n l y  two ma jo r  l i t h o l o g i c  

t ypes  w i l l  be d i s t i n g u i s h e d  i n  the  p r e s e n t  d i s c u s s i o n :  ( I )

c r u d e l y  s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c s ; (2)  w e l l  bedded
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PLATE I I I

F ig u r e  2. T y p i c a l  exposure  o f  l ava  f l ow s  above 8400 f e e t  
A. Lava f l o w s .
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e p i c l a s t i c  v o l c a n i c s  ( P l a t e  IV,  F i g u res  I and 2 ) .  Both l i t h o ­

l o g i c - t y p e s  c o n t a i n  secondary  s i l i c a  and cal  c i t e  and are 

composed o f  g r a i n s  and f ragments  s i m i l a r  i n  c om p o s i t i o n  to  

the  i n t e r c a l a t e d  a n d e s i t e  f l ow s  and d a c i t i c  i n t r u s i o n s  o f  the  

map and nearby  a r e a s . Both l i t h o l o g i c  t ypes  are i n t e r bedded. 

Common c o l o r s ,  c o n t r o l l e d  by o x i d a t i o n  s t a t e  and t he  r a t i o  o f  

dark  t o  l i g h t  f r agments  and m in e ra l  g r a i n s , are l i g h t  g rey ,  

dark  g r e y , r e d d i s h  brown and l o c a l l y  g r e e n .

C rude l y  S t r a t i f i e d  E p i c l a s t i c  V o l c a n i c s

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

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

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

f i n e r  g r a i n e d  m a t r i x .  S ub o rd in a t e  amounts o f  cong lomera tes  

and w e l l  bedded e p i e l a s t i c s  a r e . i n t e r b e d d e d  i n  the  c r u d e l y  

s t r a t i f i e d  e p i c l a s t i c  beds.

V e s i c u l a r i t y ,  s t a t e . o f  o x i d a t i o n  and a n g u l a r i t y  o f  the 

c l a s t s  i s  v a r i a b l e .  Nonigneous- c l a s t s  a r e ' r a r e  excep t  near  

the  G a l I a t i n - Y e l l o w s t o n e . d i v i d e  where Precambr ian c l a s t s  are 

common ( P l a t e  V, F i gu re  I ) .  Many l e v e l s  o f . f o s s i l  f o r e s t  

are c o n s p i c i o u s  i n  these  e p i c l a s t i c  de p o s i t s  ( P l a t e  V . ,  F igu re  

2 ) .

Crude s t r a t i f i c a t i o n ,  a n g u l a r i t y  o f  c l a s t s ,  l a r g e  

q u a n t i t i e s  o f  m a t r i x  between f r a g m e n t s a n d  c l a s t s  up to
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PLATE IV

F igu re  I .  Lens o f  w e l l  bedded e p i c l a s t i c  v o l c a n i c  i n  c r u d e l y  
s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c  beds.

A. Wel l  bedded e p i c l a s t i c  v o l c a n i c  l en s .
B. C rude l y  s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c  bed.

F igu re  2. T y p i c a l  exposure  o f  c r u d e l y  s t r a t i f i e d  e p i c l  as t i c  
v o l c a n i c  beds.
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PLATE V

F ig u r e  I .  Banded Precambr i  an f ragmen t  i n  e p i c l a s t i c  v o l c a n i c  
beds .

F i gu re  2. U p r i g h t  o p a l i zed t r e e  i n  coarse e p i c l  as t i c  
v o l c a n i c  bed .
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e i g h t  f e e t  i n  d i a m e te r  sugges t  a mudf low o r i g i n  f o r  t h i s  e p i -
' f

cl  a s t i  c m a te r i  a I .

P a l eo m ag ne t i c measurements on a n d e s i t i c  c l a s t s  f rom an 

e p i c l a s t i c  v o l c a n i c  b r e c c i a ,  i n  sec.  I S i I . 8 S . , . R .6 E. show a 

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

the  t he rmo- remnan t  m a g n e t i z a t i o n  was d i s o r i e n t ed ^ ,  by movement 

o f  f r agmen ts  below t h e i r  b l o c k i n g  t e m p e r a t u r e s ,  the  t empera­

t u r e  range i n  which m a g n e t i z a t i o n  i s  a c q u i re d  d u r i n g  c o o l i n g .  

Emplacement by mudf low a t  t em pe ra tu re s  below the b l o c k i n g  

t e m pe r a t u re s  o f  t h e  c l a s t s  i s  su gg es t ed ,  f o l l o w i n g  the l i n e  o f  

r e as on ing  s t a t e d  by Aramaki  and Ak imoto (1957)  and Chadwick and 

McCaskey (1968 ) .  F u r t h e r  d i s c u s s i o n  o f  p a l eomagnet i cs  w i l l  

appear  i n  t h i s  paper  i n  a s e c t i o n  on p a l e o m a g n e t i c s .

Wel l  Bedded E p i c l a s t i c  Vo l can i cs

The w e l l  bedded epi  c l a s t i c  beds are, f a i r l y  we 11 s o r t e d , 

l o c a l l y  p rossbedded,  and i n c l u d e  v o l c a n i c  s a n d s t o n e , s i l t s t o n e  

and somp b r e c c i a  and cong lom era te .  These l i t h o l o g i c  types 

occu r  as beds and d i s c o n t i n u o u s  l e n s e s ,  r a ng i ng  f rom a few 

i nches  t p  hundreds o f  f e e t  t h i c k .  The beds c o n t a i n  f o s s i l  

l e a v e s , p l a n t  f r a g m e n t s , and l o c a l l y ,  an amberoid r e s i n  ( P l a t e  

V I ,  F i gu re  I ) .  These vol  cam" c l  a s t i  cs are p r o b a b l y  p r i m a r i l y  

w a t e r - l a i d  because the beds:  ( I )  are w e l l  s t r a t i f i e d ;  (2)

are l o c a l l y  c ross  bedded;  (3)  are f a i r l y  we l l  s o r t e d ;  (4)
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PLATE VI

F igu re  I .  F o s s i l  m a t e r i a l  f rom e p i c l a s t i c  v o l c a n i c  beds.

A. Amberoid r e s i n ,  Eh NW% sec.  25,  I . 8 S . ,  R.5 E.
B. Leaves and t y p i c a l  p e t r i f i e d  wood f r ag me n t .
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P 1i

commonly occu r  as d i s c o n t i n u o u s  l e n s e s ,  i n t e r p r e t e d  to  be 

cha nn e l s ;  (5)  l o c a l l y , c o n t a i n  s t r e a m - r o u n d e d . p e t r i f i e d  wood. '

S t r a t i g r a p h i c  Success ion

A r e p r e s e n t a t i v e  s e c t i o n . o f  the  Eocene v p l c a n i c s  (secs .

6,  7 and 18,- 1 . 8 S . ,  R . 7 - E . )  ( P l a t e  I )  a l ong the r i d g e  west  o f  

Wigwam Creek sou th  t o  the  boundary o f  the map area i s  

i l l u s t r a t e d  be low.

„

TABLE I . REPRESENTATIVE SECTION A

Feet D e s c r i p t i o n

280 

880 

I 360 

60

160

A u g i t e - h y p e r s t h e n e - h o r n b l ende a n d e s i t e  f l ows

Crude l y  s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c  beds

H yp e rs th e n e ^ a u g i t e  a n d e s i t e  f l ows

I n t e r c a l a t e d  w e l l  bedded and c r u d e l y  s t r a t i f i e d  
e p i c l a s t i c  v o l c a n i c  beds

H y p e r s t h e n e - a u g i t e  a n d e s i t e  f l ows

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  u n c o n f o r m i t y

Precambr i  an metamorph ic  rock

A r e p r e s e n t a t i v e  s e c t i o n  ( se cs .  14,  23 and 26,  T .8 S . ,  

R.6 E. )  ( P l a t e  I ) a l ong the r i d g e  west  o f  G r i z z l y  Creek south
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t o  the  boundary  o f  the map area i s  i l l u s t r a t e d  i n  Table I I .

/i
TABLE L I .  REPRESENTATIVE SECTION B

Feet D e s c r i p t i o n

Top Eroded [•
I 20 A u g i t e - h o r n b l e n d e - h y p e r s t h e n e  a n d e s i t e  f l ows

" ,■ •;
160 Crude l y  s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c  beds

80 A u g i t e - h o r n b l e n d e - h y p e r s t h e n e  a n d e s i t e  f l ows

160 Crude l y  s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c  beds

160 I n t e r c a l  a t ed  augi  t e ^ -hyp e rs th ene -ho rnb l  ende 
a n d e s i t e  f l o w s  and e p i c l a s t i c  v o l c a n i c  beds'

' :

320 A u g i t e - h y p e r s t h e n e - h o r n b l ende a n d e s i t e  f l ows

720 Crude l y  s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c  beds , 
l o c a l l y  i n t e r c a l a t e d  w i t h  w e l l  bedded e p i c l a s t i c  
v o l c a n i c  beds and lenses 'I.

40 A u g i t e - h y p e r s t h e n e - h o r n b l ende s i l l s

960 Crude l y  s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c  beds,  
l o c a l l y , i n t e r c a l a t e d  w i t h  w e l l  bedded 
e p i c l a s t i c  v o l c a n i c  beds and lenses

Covered

' A r e p r e s e n t a t i v e  s e c t i o n  ( se cs .  30 and 31,  T . 8 S . ,  R.6 E . ,
" , ' y ' '

sec.  6, T.9  S . ,  R.6 E . ,  secs.  25 and 26,  T.8 S . ,  R.5 E . ,  sec.

I ,  T.9  S . , R.5 E. )  ( P l a t e  I ) a l ong  the  boundary between Park

and G a l l a t i n  Count i es  south f rom Tom Miner  Creek t o  the



Y e l l o w s t o n e  N a t i o n a l  Park boundary i s  i l l u s t r a t e d  i n  Table I I I .

TABLE I I I .  REPRESENTATIVE SECTION C-

Feet D e s c r i p t i o n

Eroded top

120 A u g i t e - h o r n b l e n d e - h y p e r s t h e n e  a n d e s i t e  f l ows

. 400 I n t e r c a l a t e d  c r u d e l y  s t r a t i f i e d  and w e l l  bedded 
e p i c l a s t i c  v o l c a n i c  beds,  w e l l  bedded zones 
decrease i n  abundance upward

80 A u g i t e - h y p e r s t h e n e  a n d e s i t e  f l ows

80 I n t e r c a l a t e d  c r u d e l y  s t r a t i f i e d  and w e l l  
e p i c l a s t i c  v o l c a n i c  beds

bedded . ,

80 A u g i t e - h y p e r s t h e n e  a n d e s i t e  f l ows

1840 I n t e r c a l a t e d  w e l l  bedded and c r u d e l y  s t r a t i f i e d  
e p i c l a s t i c  v o l c a n i c  beds ,  w e l l  bedded zones 
dec rease  i n  abundance upward

Covered

Exami n a t i o n  o f  Tables I ,  11 and I I I  and P l a te  I suggest  

t h a t  i n  a westward d i r e c t i o n ,  the  uppermost  a n d e s i t e  f lows  

t h i c k e n  ( P l a t e  I ,  sec.  26,  T .8 S . ,  R.6 E. )  ( T a b l e . I I )  becoming 

i n t e r b e d d e d  w i t h  e p i c l a s t i c  v o l c a n i c  beds near  Sheep Mounta in 

and p i nch ou t  ( P l a t e  I , sec.  36,  T .8 S . ,  R.5 E. )  west  o f  Sheep 

Mounta in near  the  G a l l a t i n - Y e l l o w s t o n e  d i v i d e .

The m idd le  e p i c l a s t i c  v o l c a n i c  beds t h i n  ( P l a t e  I , sec.  ,
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13, 1 . 8 S . ,  R.6 E. )  (Tab le  I I )  westward toward Sheep .Mounta in-  

and become i n c r e a s i n g l y  i n t e r c a l a t e d  w i t h  t h i c k e n i n g  an d e s i t e  

f l o w s .  These e p i c l a s t i c  beds t h i c k e n  again west  o f  Sheep 

Mounta in  ( P l a t e  I ,  sec.  6,  T .9 S . ,  R.5 E. )  (Tab le  I I I )  and 

become i n c r e a s i n g l y  w e l l  bedded t oward  the G a l l a t i n - Y e l l o w s t o n e  

d i v i d e .

The l owe r  a n d e s i t e  f l o w s , westward toward Horse Creek,  

grade f rom a sequence o f  massive f l o w s  ( P l a t e  I , sec.  12,

T.8  S . ,  R.6 E. )  (Tab le  I )  t o  a sequence o f  i n t e r b e d d e d  f l ows  

and e p i c l a s t i c  v o l c a n i c  beds ( P l a t e  I , sec.  14,  T . 8 . S . ,  R.6 E. )  

(Tab le  I I ) .  The f l o w s  p i nch  ou t  west  o f  Horse Creek (P l a t e  I , 

sec.  15,  T .8  S . ,  R.6 E. )  (Tab le  I I I ) .

Eocene I n t r u s i o n s

A n d e s i tes

Seven a n d e s i t e  d i k e s ,  w i t h  r eco rd ed  t h i c k n e s s e s  o f  two t o  

t w e l v e  f e e t  and s i x  a n d e s i t e  s i l l s ,  r an g in g  f rom 40 t o  80 f e e t  

i n  t h i c k n e s s ,  occu r  eas t  o f  Horse Creek and sou thwes t  o f  

Wigwam Creek.  Four a d d i t i o n a l  s i l l s ,  20 t o  40 f e e t  t h i c k ,  are 

mapped between S u n l i g h t  and Horse C re e ks .

The d i ke s  and s i l l s  are dark  g rey  and c o n t a i n  phenoc rys t s  

o f  p l a g i o c l a s e ,  a u g i t e ,  ho rnb lende and. h y p e r s t h e n e .

D a c i tes

A n o r t h - s o u t h  e l o n g a te d  d a c i t i c ' s t o c k ,  a p p r o x i m a t e l y  two
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square m i l es  i n  a r e a , compr i ses  Sheep Mounta in and the n o r t h ­

west  end o f  Sawtooth Mounta in ( secs .  16, 21,  28,  29,  32 and 33,  

I . 8 S . ,  R.6 E. )  ( P l a t e  V I I ,  F i gu re  I ) .  A smal l  n o r t h w e s t -  

e l o n g a te d  d a c i t i c  p l u g ,  a p p r o x i m a t e l y  0.125 square m i l e  in 

e x p o s u r e , i s  l o c a t e d  about  one m i l e  ea s t  o f  Horse Creek 

( secs .  11, 12,  13 and 14, T.8 S . ,  R.6 E. )  and a d a c i t e  s i l l  a t  

l e a s t  80 f e e t  t h i c k  caps a r i d g e  a p p r o x i m a t e l y  0 .75 m i l es  

sou thwes t  o f  Sheep Mounta in  ( secs .  5 , - 31  and 32,  T.8 S . ,

R.6 E . ) .

The d a c i t e s  are l i g h t  t o  dark  grey  o r  r e d d i s h  grey and 

c o n t a i n  ph en o c ry s t s  o f  p l a g i o c l a s e ,  b i o t i t e  and ho rnb lende .
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PLATE V I I

F i gu re  I .  View l o o k i n g  south toward Sheep Mou n ta in ,  a 
d a c i t e  i n t r u s i o n .

A. Sheep Mounta in  s t o c k ,  a d a c i t e  i n t r u s i o n .
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PI i O -P le i  s tocene
Welded T u f f

■ Welded t u f f  e r o s i o n a l  remnants o c c u r : ( I )  ea s t  o f  Sheep 

j^Mountai n] ( sec .  17, 1 . 8 S . ,  Rv/  E. ) a t  an a l t i t u d e  o f  about  7200 

f e e t ; (2 )  west  o f  Horse Creek ( sec .  3,  T.8 S . ,  R .6 E . ) a t  about  

6300 f e e t ;  (3)  e a s t  o f  Wigwam Creek (secs .  6,  7,  1 .8  S . ,  R. I  E.) 

a t  about  7600 f e e t  ( P l a t e  I ) .

The d e p o s i t  ea s t  o f  Sheep Creek c o n s i s t s  o f  about  60 f e e t  

o f  welded t u f f ,  r e s t i n g  on a " p a l e o - s o i I " ( P l a t e  V I I I ,  F i gu re  

I ) .  The l i t h o l o g i c  sequence i s  as f o l l o w s  ( R e f e r  t o  P la te  

V I I I ,  F i gu re  2 ) :

TABLE IV.  WELDED TUFF,SEQUENCE

Feet D e s c r i p t i on

Eroded top

26 "0" Pink f r i a b l e  p a r t i a l l y  welded t u f f

2 3 ' 6 " Black  dense l y  welded t u f f  w i t h  
c a v i t i e s  and s p h e r u l i t e s .

l i t h o p h y s a l

6 ' 1 1 " B lack  g l a s s y  dense l y  welded t u f f

2 ' 0 " Brown p a r t i a l l y  welded t u f f

0 ' 3 " V o l c a n i c  ash

- u n c o n f o r m i t y  (?)
covered

"p a le o  s o i l "
- u n c o n f o r m i t y

e p i c l a s t i c  v o l c a n i c  bed
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F ig u r e  I .  View o f  Tom Miner  Basin l o o k i n g  e a s t .  C rude l y  
s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c  bed i n  l e f t  
f o r e g r o u n d .

A. Exposure o f  welded t u f f  remnant  south o f  Tom Miner  
Creek and ea s t  o f  Sheep Creek.

B. Exposure o f  welded t u f f  n o r t h  o f  Tom Miner  Creek.

F igu re  2. L i t h o l o g i c  sequence o f  welded t u f f  remnant  (sec.
17, R.6 E . ,  T .8 S. )  l o c a t e d  eas t  o f  Sheep Creek.

A. Pink p a r t i a l l y  welded t u f f .
B. B lack  dense ly  welded t u f f  w i t h  l i t h o p h y s a l  c a v i t i e s  

and s p h e r u l i t e s .
C. B lack  g l a s sy  dense l y  welded t u f f .
D. Brown p a r t i a l l y  welded t u f f .
E. Ash.
F. " P a Ie  o s o i l " .
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The remnant  l o c a t e d  west  o f  Horse Creek,  a t  l e a s t  f o u r  

t o  f i v e  f e e t  t h i c k ,  i s  a p i nk  o r  g r e y ,  f r i a b l e , p a r t i a l l y  

welded t u f f .  / '

The welded t u f f  remnant  ea s t  o f  Wigwam Creek,  about  80 

f e e t  t h i c k  i n  e x p o s u r e , occurs  as a h i g h l y  a l t e r e d ,  dark 

brown c r y s t a l l i n e  r o c k ,  w i t h  t h i n  wavy s t r i n g e r s  t h a t  resemble 

f l o w  ba nd in g . .
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Qua te rnary

S u r f i c j a l  Depos i t s

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

rocks  o f  the  map a r e a .

The s u r f i c i a l  d e p o s i t s  o f  Tom Miner  Basin are ma in l y  

g l a c i a l  d r i f t  w i t h  m ino r  amounts o f - a l l u v i u m .

Qua te rna ry  d e p o s i t s  a l ong the Ye l l ow s to ne  R i v e r  c o n s i s t  

o f  g l a c i a l  d e b r i s ,  r e c e n t  l a n d s l i d e  m a t e r i a l  (Good, 1964) 

and a l l u v i u m .



I I I .  PETROGRAPHIC DESCRIPTIONS

Precambr i  an Me tamorph i c Rocks

Gneiss

The gne i sses  c o n t a i n  q u a r t z  (35-50%) ,  p l a g i o c l a s e  (20-  

55%), bi  o t i  t e  (5-30%)' ,  e p i d o t e  (0 -1%) ,  m u s c o v i t e ,  i n c l u d i n g  

s e r i c i t e ,  (0 -1%) ,  and t r a c e s  o f  g a r n e t ,  mi c r o c l i n e ,  c h l o r i t e  

and opaques.

Q u a r t z , b i o t i t e  and p l a g i o c l a s e  are abundant  i n  a l l  the 

gne i sses  examined.  Southward t owa rd  t he  P re c a m b r i a n - v o l cani  

c o n t a c t  t he  pe rcen tage  o f  p l a g i o c l a s e  i n c r e a s e s ,  and the 

pe rcen tage  o f  b i o t i t e  decreases .  Th in s e c t i o n s  i n d i c a t e  no
X

c o n s i s t e n t  change i n  q u a r t z  and the mino r  m i n e r a l s  th rough 

the  a r e a .

Quar tz  occurs  as ( I )  anhedra l  masses and (2 )  anhedra l  ■ 

t o  subhed ra l  masses o f  i n t e r l o c k i n g  g r a i n s  up t o  4 .0  mm. i n  

maximum d imens ion .  The qua r t z ,  masses are e l o n g a te d  p a r a l l e l  

t o  the  f o l i a t i o n .  Gra ins  are f r e s h ,  e x h i b i t  wavy e x t i n c t i o n  

and some have r e c r y s t a l  I i zed ma rg ins .

P l a g i o c l a s e  occu rs  as s ubhedra l  I q t h  shaped c r y s t a l s ,  

up t o  4 mm. l o n g ,  hav ing  i r r e g u l a r  boundar ies  and i n c l u s i o n s  

o f  q u a r t z  and b i o t i t e . Compos i t i on  de termined  by the 

" M i c h e l - L e v y  Method" i s  An^g , I a b r a d o r i  t e . Most c r y s t a l s  

are f r e s h  bu t  some are p i t t e d .  A l b i t e , c a r l s b a d  and
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p e r i  d i n e  t w i n n i n g  are common.

Subhedra l  b i o t i t e ,  up t o  2 mm. l o n g ,  i s  commonly b e n t , and 

e l o n g a te d  p a r a l l e l  t o  t he  f o l i a t i o n .  Most c r y s t a l s  have f r e s h  

i n t e r i o r  bu t  are commonly rimmed by anhedra l  m a g n e t i t e  and 

l o c a l l y  a l t e r e d  t o  c h l o r i t e  and m us cov i t e .

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

i n  shades o f  p i n k ,  up t o  6 mm. i n  maximum d imens ion  and occu r  

i n  a g g r e ga te s .  E x t i n c t i o n  i s  p a r a l l e l  i n  e l o n g a te d  s e c t i o n s .

Garnets  are anhedra l  , up t o  1 .75 mm. i n  maximum dimen­

s i o n ,  pa le  p i n k  i n  t h i n  s e c t i o n  and commonly a l t e r e d  to  

s e r i c i t e  on t h e i r  ma rg ins .

Mi c r o c l i n e  occurs  as subhedra l  c r y s t a l s  e x h i b i t i n g  

" g r i d i r o n  s t r u c t u r e "  and wavy e x t i n c t i o n .

S c h i s t

The s c h i s t s  are composed o f  q u a r t z  ( 33 -50%) ,  ho rnb lende  

(27-55%) ,  pI a g i o  cI a s e (0-32%) , b i o t i t e  (0 -7%) ,  m a gn e t i t e  (1%) 

and e p i d o t e  (0 -1%) .

In the  s l i d e s  examined,  b i o t i t e  and p l a g i o c l a s e  are 

l o c a l l y  absent  and p l a g i o c l a s e  may be p re sen t  as po rp h y ro -  

b l a s t s .  Al I  m ine ra l  g r a i n s  i n  the  s c h i s t  are p a r a l l e l  to 

the  f o l i a t i o n .

Quar tz  i s  l o c a l l y  c a t a c l a s t i c ,  r e c r y s t a l  I i zed and c o n t a i n s  

many u n i d e n t i f i a b l e  c r y s t a l l i t e s .  I n d i v i d u a l  g r a i n s  are



anhedra l  t o  s u b h e d r a l ,  and up to  0 .5  mm. i n  maximum d imens ion .  

Wavy e x t i n c t i o n  and g r a p h i c  i n t e r g r o w t h s  are e v i d e n t .

Pale green subhed ra l  t o  anhed ra l  c o n t o r t e d  l a t h s  o f  

ho rnb lende  up t o  1 .0  mm. l ong are p r e s e n t .  Some g r a i n s  are 

seam- tw inned and o t h e r s  r im b i o t i t e .  Anhedral  m a gn e t i t e  r ims - 

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

P l a g i o c l a s e  appears as subhed ra l  l a t h s  up t o  0 .5  mm. 

l ong  and i s  commonly a l b i t e ,  c a r l s b a d  and p e r i  d i n e  tw inned .  

Some g r a i n s  are zoned.

B i o t i t e  i s  p r e s e n t  as deformed subhedra l  f l a k e s  up to  

O.75 mm. l on g .

Ep ido te  occurs  as anhedra l  g r a i n s  up t o  0.1 mm. in-,  

maximum d i mensi on.

S c h i s to s e  Q u a r t z i t e

The green s c h i s t o s e  q u a r t z i t e  c o n ta i n s  qu a r t z  (97-98%) 

and m u s c o v i t e ,  i n c l u d i n g  s e r i c i t e  (2 -3%) .  Both muscov i te  

and q u a r t z  are e l o n g a te d  p a r a l l e l  t o  the f o l i a t i o n .

Most q u a r t z  g r a i n s  are 1.5 mm. l o n g ,  have wavy e x t i n c t i o n  

and an i n t e r l o c k i n g  t e x t u r e .  I n d i v i d u a l  g r a i n s  form sub­

p a r a l l e l  bands.

G r a n u l i t e

Based on one t h i n  s e c t i o n ,  the  g r a n u l i t e  i s  composed o f
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p l a g i o c l a s e  (45%),  a u g i t e  (45%),  g r a p h i c  i n t e r g r o w t h s  (5%), 

m a g n e t i t e  and h e m a t i t e  (2%),  ho rnb lende  (1%),  b i o t i t e  (1%) 

and t r a c e s  o f  mi c r o c l i n e .

P l a g i oc l a se  , commonly zoned, b e n t ,  co r roded  and 

f r a c t u r e d ,  occurs  as subhed ra l  l a t h s  up t o  3 .0  mm. l ong .

Anhedra l  to  subhed ra l  a u g i t e ,  up t o  2 mm. i n  maximum 

d imens ion  and subhed ra l  books o f  b i o t i t e ,  up t o  1.25 mm. 

l o n g ,  are a l t e r e d  t o  ho rnb lende a l ong t h e i r  ma rg ins .

M i c r o c l i n e  and g r a p h i c  i n t e r g r o w t h  are random i n  i n t e n s i t y  

and m a g n e t i t e  and he m a t i t e  occu r  as a l t e r a t i o n  p r od u c t s  o f  

a u g i t e .

S i l l s

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

c l as e  (40-50%) ,  a u g i t e  (40-50%) i n t e r s t i t i a l  g r a p h i c  i n t e r ­

g rowths  (0 -1%) ,  hype rs thene  (0-1%) and ho rnb lende ( l e s s  than 

I  % ) .

Anhedra l  a u g i t e ,  up t o  1.25 mm. i n  d i a m e t e r ,  i s  seam- 

tw inned  and l o c a l l y  u r a l i z e d  t o  ho r nb len de .

Subhedral  l a t h s  o f  p l a g i o c l a s e ,  up to  1.5 mm. l o n g ,  have 

a co m p o s i t i o n  o f  An^g , l a b r a d o r i t e  ( M i c h e l -L e v y  Method) .

M a gn e t i t e  r ims and i s  i n c l u d e d  i n  hypers thene  and 

a u g i t e ,

Metamorphism o f  the  s i l l s  i s  suggested by:  ( I )  pi  a g i o -
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c las e  g r a i n s  w i t h  r e c r y s t a l  I i zed ed ges ; (2)  f r a c t u r e d  c r y s t a l s ;  

(3 )  l o c a l  c a t a c l a s t i c  s t r u c t u r e s ; (4)  a l t e r a t i o n  o f  a u g i t e  to 

green amph ibo le .

Hand-specimens o f  pe gma t i t e  c o n s i s t  o f  coarse g ra i ned  

q u a r t z , f e l d s p a r  and some muscov i t e  and b i o t i t e .

Eocene Lava Flows

H y p e r s t h e n e - A u g i t e  A n d e s i t e s -

These a n d e s i t e s  c o n t a i n  p l a g i o c l a s e  (15-55%) ,  a u g i t e  

( 1 -6%) ,  hype rs thene  (1 -2%) ,  b a s a l t i c  ho rnb lende (0 -2%) ,  

secondary  s i l i c a  and cal  c i t e  (0-1%) and ground mass (35-83%).

Phenoc rys t s  o f  hype rs thene are commonly more abundant  

than a u g i t e .

The p l a g i o c l a s e  occurs  as u n o r i e n t e d  anhedra l  t o  

euhed ra l  l a t h s  up t o  2 mm. l on g .  La r ge r  c r y s t a l s  are g e n e r a l l y  

zon ed , p i t t e d  and have co r roded  marg ins .  S m a l l e r  c r y s t a l s  are 

commonly f r e s h  and a I b i t e ,  c a r l s b a d  and p e r i c l i n e  tw inned .  

Compos i t i on  o f  t he  ph en o c ry s t s  de te rm ined  by t he  " M i c h e l - L e v y  

Method" i s  A n ^ ,  I a b r a d o r i  t e ,

Anhedra l  t o  subhed ra l  a u g i t e ,  up t o  1.5 mm. i n  maximum 

d im e n s i o n ,  i s  l o c a l l y  s e a m - t w i n n e d •and r a r e l y  a l t e r e d .

H y p e r s t h e n e . i s  p l e o c h r o i c ,  i n  shades o f  l i g h t  green to  

p i n k ,  euhed ra l  t o  - anhedra l  and up t o  0 .5  mm. i n  maximum 

d imens ion .
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B a s a l t i c  ho rnb lende  occurs  as subhed ra l  e l o n g a te d  c r y s t a l s  

up to  1 .25 mm. l ong and i s  r immed by mag ne t i t e  and h e m a t i t e .

The ground mass c o n s i s t s  o f  m i c r o l i t e s  o f  h y p e r s th en e ,  

a u g i t e ,  p l a g i o c l a s e ,  anhedra l  m a g n e t i t e  and c r y s t a l l i t e s .

A u g i t e - H o r n b l e n d e - H y p e r s t h e n e  Ande s i t es

A u g i t e  and ho rnb lende are the  most abundant  phenoc rys t s  

i n  these a n d e s i t e s .  In. the  uppermost  a n d e s i t e  f l o w s  o f  the 

map a r ea ,  ho rnb lende  ph eno c rys t s  are n e a r l y  as abundant  as 

a u g i t e .

These a n d e s i t e s  c o n t a i n  p l a g i o c l a s e  (15-55%) ,  a u g i t e  

( 1 -6%) ,  hype rs thene  (1 -3%) ,  b a s a l t i c  ho rnb lende (0-2%) , 

hornb lende.  (1 -2%) ,  and ground mass (35-85%).

P l a g i o c l a s e  l a t h s ,  up t o  4 mm. l ong are commonly a l b i t e ,  

c a r l s b a d  and p e r i  d i n e  tw i n n e d .  La rg e r  c r y s t a l s  are commonly 

zon ed , p i t t e d  and have co r roded  b o u nd a r i e s .  S m a l l e r  c r y s t a l s  

are g e n e r a l l y  f r e s h .  Compos i t i on  o f  pheno c rys t s  de te rm ined  

by the  " M i c h e l - L e v y  Method" i s  Anl̂  -An^g , I a b r a d o r i  t e  .

A u g i t e  phe no c ry s t s  are commonly f r e s h , anhedra l  t o  sub­

hed ra l  and up t o  1.25 mm. i n  maximum d imens ion .  Seam-twinned 

p h e n o c r y s t s - a r e  common.

Hornblende ph en o c ry s t s  are f r e s h  t o  h i g h l y  a l t e r e d ,  

e l o n g a t e ,  subhed ra l  t o  euhedra l  and up t o  1.25 mm.' l o n g .

Most c r y s t a l s  are p l e o c h r o i c  i n  shades o f  g reen ,  some are



seam- tw inned .

Hypers thene appears as subhed ra l  t o  anhedra l  c r y s t a l s  o f  

p r i s m a t i c  h a b i t ,  up t o  1.25 mm. l on g .

The ground mass c o n s i s t s  o f  m i c r o l i t e s  o f  p l a g i o c l a s e ,  

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

Eocene C rude l y  S t r a t i f i e d  E p i c l a s t i c  V o l c a n i c  Beds

Most c l a s t s  i n  the'  c r u d e l y  s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c  

beds have p e t r o g r a p h i c  d e s c r i p t i o n s  s i m i l a r  to  t he  an d e s i t e  

f l o w s  and d a c i t e  i n t r u s i o n s  o f  the  map a rea .  D a c i t e  c l a s t s  are 

r a r e .  Precambr i  an c l a s t s  are ve ry  r a r e . None were observed 

i n  t h i n  s e c t i o n .

The m a t r i x  c o n t a i n s  c r y s t a l s  o f  a u g i t e ,  hy p e rs th e n e ,  

p l a g i o c l a s e ,  b a s a l t i c  h o rn b l e n d e ,  m a g n e t i t e ,  sparse  hornb lende 

and smal l  a n d e s i t e  and d a c i t e  p a r t i c l e s .  Local  I y  * the  m a t r i x  

i s  cemented by s i l i c a  and cal  c i t e .

Eocene Wel l  Bedded E p i c l a s t i c  V o l c a n i c  Beds

The w e l l  bedded e p i c l a s t i c  v o l c a n i c  beds are composed o f  

c r y s t a l s  o f  a u g i t e ,  h y p e rs th e n e ,  p l a g i o c l a s e ,  b a s a l t i c  ho rn ­

b l e n d e ,  m a g n e t i t e ,  sparse  ho rnb lende and a n d e s i t e  and d a c i t e  

f r a g m e n ts .  The p l a g i o c l a s e  i s  commonly s a u s s u r i t i z e d . 

Cementa t i on  by s i l i c a  and cal  c i t e  i s  common.



Eocene I n t r u s i o n s

A n de s i t e  Dikes

In t he  s l i d e s  examined,  t he  d i ke s  had p e t r o g r a p h i c  

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

a n d e s i t e  f l o w s  o f  the  map area .

A n d e s i t e  S i l l s

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

h o r n b l ende - hyp e r s th en e  a n d e s i t e  f l o w s  have s i m i l a r  p e t r o ­

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

Da c i t e  I n t r u s i o n s

The s i m i l a r i t y  i n  c o m po s i t i o n  among the d a c i t e  bodies 

i n  the  map area sugges t s  t hey  are connected a t  dep th .

The d a c i t e  c o n t a i n s  p l a g i o c l a s e  (5 -6%) ,  ho rnb lende  

( l e s s  than 1-4%) ,  b i o t i t e  ( l e s s  than 1-2%) and ground mass 

(89-95%).

The p l a g i o c l a s e  occu rs  as subhed ra l  t o  anhed ra l  u n o r i e n t e d  

c r y s t a l s  up t o  3.25 mm. l on g .  The l a r g e r  phe no c ry s t s  are 

commonly anhedra l  , z on ed , p i t t e d ,  and co r roded  around the 

ma rg ins .  S m a l l e r  c r y s t a l s  are f r e s h ; some are a l b i t e  and 

c a r l s b a d  tw i nn ed .  The c o m p o s i t i o n ,  de te rm ined  by the " M i c h e l -  

Levy Me thod " ,, i s  Anĵ  t o  Anẑ 2 , andes ine .

Hornb lende appears as p o o r l y  t e r m i n a t e d  e l o n g a t e  c r y s t a l s
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up t o  3 .0  mm. l o n g . ,  The ho rnb lende i s  commonly .seam- twinned 

and rimmed by anhed ra l  m a g n e t i t e .

B i o t i t e  occurs  as t a b u l a r  and p r i s m a t i c  c r y s t a l s  up to  

2 .0  mm. i n  maximum d imens ion .  C r y s t a l s  are commonly f r e s h ; 

some c o n t a i n  i n c l u s i o n s ,  o f  m a g n e t i t e .

P l i o - P l e i s t o c e n e  Welded T u f f

C h a r a c t e r i s t i c s  Common to  the Welded T u f f  Remnants

Phenocrys t s  o f  q u a r t z ,  p l a g i o c l a s e ,  o r t h o c l a s e  and a u g i t e  

compr ise  I t o  2 p e r c e n t  o f  the  welded t u f f s .  B i o t i t e  pheno- 

c r y s t s  are spa rse .

Fragments o f  a n d e s i t i c  and d a c i t i c  c om p o s i t i o n  are 

l o c a l l y  abundant .

Vapor -phase m i n e r a l s  occu r  i n  pore spaces.  D e v i t r i f i ­

c a t i o n  m i n e r a l s  occu r  i n  g l a s s .

Vapor -phase m i n e r a l s  are c o a r s e r  than d e v i t r i f i c a t i o n  

m i n e r a l s  bu t  both are too  smal l  t o  be i d e n t i f i e d  by mic roscope .  

Smi th (1960)  f i n d s  d e v i t r i f i c a t i o n  m i n e ra l s  are c h i e f l y  

c r i s t o b o l i t e  and f e l d s p a r  and vapor -phase  m i n e r a l s ,  i n  

r h y o l i t e  ash f l o w s ,  are p r e d o m i n a n t l y  a l k a l i c  f e l d s p a r ,  

t r i d y m i t e  and c r i s t o b o l i t e .



Welded T u f f  Remnant East  o f  Sheep Creek 
Zones Desc r ibed  f rom Bot tom to  Top

Brown P a r t i a l l y  Welded Zone

Shards bent  around c r y s t a l s  and b a r e l y  c o l l a p s e d  pumice 

f r agments  sugges t  compress ion .  Weld ing i s  no t  i n t e n s e  but  

undeformed shards ape r a r e .

H e m a t i t i c  s t a i n i n g ,  r e s u l t i n g  i n  a d u l l  brown c o l o r ,  

sugges t s  o x i d a t i o n .

No d e v i t r i f i c a t i o n  o r  vapor -phase  m i n e ra l s  are e x h i b i t e d .

Black  Glassy  Densely  Welded Zone

Dense w e l d i n g  i s  i l l u s t r a t e d  b y . f l a t t e n e d  s e v e r e l y  

deformed shards and f l a t t e n e d  pumice f ragments  t h a t  have n e a r l y  

l o s t  a l l  s t r u c t u r e „

Th in s e c t i o n s  d i d  no t  d i s p l a y  d e v i t r i f i c a t i o n  o r  vapo r -  

phase m i n e r a l s .

B lack  Densely  Welded Zone w i t h  L i t h o p h y s a l  C a v i t i e s  and 
S p h e r u l i t e s  :

Dense w e l d i n g  i s  i l l u s t r a t e d  by s e v e r e l y  f l a t t e n e d  and 

deformed shards and pumice f r a g m e n ts .  Shard s t r u c t u r e  i s  

d e s t ro ye d  near  l i t h o p h y s a l  c a v i t i e s  and l o c a l l y  by d e v i t r i f i ­

c a t i o n  m i n e r a l s  which c u t  - a c r o s s 1 shard s t r u c t u r e .  D e v i t r i f i ­

c a t i o n  m i n e r a l s ,  t oo  smal l  t o  be i d e n t i f i e d ,  are c o a rs e r  i n  

pumice f r agmen ts  than sha rds .  D e v i t r i f i c a t i o n  forms r a d i a l  

aggrega tes  o f  m i n e r a l s  i n  s p h e r u l i t e s  and I o c a l I y  ,a x i o l i t i c
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s t r u c t u r e  i n  sha rds .

Pink P a r t i a l l y  Welded Zone

Shard s t r u c t u r e  i s  a lmos t  c o m p l e t e l y  de s t r o y e d  by 

d e v i t r i f i c a t i o n  and vapor -phase  m i n e r a l s .  D e v i t r i f i c a t i o n  

m i n e r a l s ,  too  smal l  t o  be i n d e n t i f i e d ,  are coarse i n  pumice, 

f r agmen ts  and s p h e r u l i t e s  and f i n e r  i n  sha rds .  Vapor -  

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

d e v i t r i f i c a t i o n  m i n e r a l s .

Weld ing i s  no t  as i n t e n s e  a s , i n  dense l y  welded zones 

bu t  more i n t e n s e  than i n  the  brown p a r t i a l  I y  welded zone.

Welded T u f f  Remnant West o f  Horse Creek

The rock  exposed p e t r o g r a p h i c a l l y  resembles the  p i nk  

p a r t i a l l y  welded zone- o f  the  remnant  eas t  o f  Sheep Creek.

Welded T u f f  Remnant East  o f  Wigwam C ree k -

Shard s t r u c t u r e  i s  a lmos t  c o m p l e t e l y  de s t r o y e d  by 

d e v i t r i f i c a t i o n .  Where o b s e r v a b l e ,  shards are deformed and 

f l a t t e n e d .  Weld ing i s  p r e s e n t  bu t  no t  i n t e n s e .

I n c l u s i o n s  o f  a n d e s i t i c  ( p l a g i o c l a s e ,  a u g i t e ,  hypers thene 

p h e n o c r y s t s )  and d a c i t i c  ( p l a g i o c l a s e ,  ho rnb lende  ph e n o c ry s t s )  

c l a s t s  up t o  s i x  i nches  i n  d i a m e t e r ,  are p r e s e n t .

R e f r a c t i v e  I ndex  o f  Glasses

The r e f r a c t i v e  i ndex  o f  t he  ash a t  the base o f  - the  welded
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t u f f  remnant  e a s t . o f  Sheep Creek was found t o  b e , 1 ,501 .  The 

r e f r a c t i v e  i n d e x - o f  g l as s  shards o b ta i n e d  f rom the o t h e r  

welded t u f f  remnants i s  1.500 t o  1 .502 .  A compar ison w i t h  

Geo rge 's  (1924)  graph ( p e r c e n t  SiOg vs .  i n d e x - o f  r e f r a c t i o n )  

sugges t s  the  p e r c e n t  s i l i c a  o f  the  rock  i s  about  72 .5 .  Th i s  

amount o f  s i l i c a  sugges t s  c l a s s i f i c a t i o n  o f  the  o r i g i n a l  

magma as r h y o l i t i c  (Bowen, 1928) .



•IV. STRUCTURE

Precambr ian

Precambr i  an f o l i a t i o n  s t r i k e s .N 3 0 - 6 0 W  and d ips  43 -55NE 

on t he  e a s te rn  and n o r t h e r n  marg ins  o f  the  P re c a m b r i an ou t c rb p  

area and s t r i k e s  N50-70E and d i p s  28-90NW on t he  western  

marg in .  The r e s u l t i n g  c o n f i g u r a t i o n  i s - a  no r t h wa rd  p l u ng in g  

a n t i  f o rm.

The d i k e s  i n  the  Precambr i  an metamorphic  r ock  s t r i k e  

N70E and d i p  25NW.

Eocene E x t r u s i v e  Rocks

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

and a n d e s i t e  f l o w s  i s  g e n e r a l l y  n o r t h w e s t .  L o c a l l y ,  d i ps  

are as much as 40 degrees but  most are near  h o r i z o n t a l .

Eocene A n d e s i t e  Dikes

L o c a l l y ,  a n d e s i t e  d i kes  are i r r e g u l a r  i n  a t t i t u d e .  

Recorded s t r i k e s  va ry  f rom N60-85W. Dips va ry  f rom v e r t i c a l  

t o  65N.

Eocene D a c i t e  I n t r u s i o n s

The Sheep Mounta in s toc k  l a c k s  f l o w  s t r u c t u r e .  The p l ug  

ea s t  o f  Horse Creek has near  v e r t i c a l  f l o w  banding near  i t s  

ma rg in s .  Where expo sed , the s i l l  s o u th e as t  o f  Sheep Mountain-,  

has a b r e c c i a t e d  base.
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A n o r t h w e s t  t r e n d i n g  near  v e r t i c a l  f a u l t ,  e s t i m a te d  to  

have f o u r  t o  s i x  f e e t  o f  d i s p l a c e m e n t ,  i s , l o c a t e d  west  o f  the  

head o f  Horse Creek ( sec .  34,  1 . 8 S . ,  R. 6 E.,).. Doming o f  

beds by the Sheep Mounta in  d a c i t e ,  the  exposed c o n t a c t  o f  

which i s  l o c a t e d  0 .50  m i l e s  n o r t h ,  cou ld  have produced the 

f a u l t i n g .

A v e r t i c a l  n o r t h e a s t  t r e n d i n g  f a u l t  w i t h  780 t o  820 f e e t  

o f  s t r a t i g r a p h i c  d i s p la c e m e n t  i s  l o c a t e d  a t  the  head o f  Tom 

Miner  Creek on t he  west  f l a n k  o f  Big Horn Peak ( se c .  12,

I . 9 S . ,  R.5 E . ) .  H. W. Smedes ( o r a l  commun ica t i on ,  1968) 

f e e l s  t h a t  doming o f  the  beds on Big Horn Peak i s  p ro ba b l y  

r e l a t e d  t o  a d a c i t e  i n t r u s i o n .  Th is  suggests  the  f a u l t  cou ld  

have been produced by the  doming.

Doming o f  beds,  f l o w : b a n d i n g  and a b r e c c i a t e d  base 

sugges t  the  d a c i t e s  were f o r c i b l y  emplaced.

Deep Creek Normal F a u l t

The t r a c e  o f  the  n o r t h w e s t  t r e n d i n g  Deep Creek normal 

f a u l t ,  a f a u l t  bound ing the  n o r t h w e s t  s i de  o f  t he  Bear too th  

b l o c k ,  i s  exposed about  one m i l e  n o r t h e a s t  o f  t he  map area 

and t r e n d s  toward  the  map a rea .  D i sp lacemen t  o f  fans  suggests  

r e c e n t  movement a l ong  t h i s  f a u l t , n o r t h w e s t  o f  t he  map area.

No s u r f a c e  e x p r e s s i o n  o f  t h i s  f a u l t  i s  r ec og n i z ed  i n  the  map 

a r ea .  Precambr i  an g r a n i t i c  gne i ss  and h o r n b l e n d e - b i o t i t e  

s c h i s t s  can be t r a c e d  w i t h  no app a r en t  o f f s e t  f rom Dome
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Mo un ta in ,  one m i l e  n o r t h e a s t  o f  the  map a r ea ,  sou thwestward 

t o  near  t he  mouth o f  Tepee Creek ( R. Ke rn , , R„ Mackin and R0 

McNei l  , o r a l  commun ica t i on ,  1 969) ,  H o r n b l e n d e r b i o t i t e  s c h i s t s ,  

s t r i k i n g  N40W and d i p p i n g  48-50NE are l o c a t e d  on both s i des  o f  

Tom Miner  Creek near  i t s  mouth,  .These f a c t o r s  sugges t  south-,  

westward e x t e n s i o n  o f  the  Deep Creek f a u l t  i f  any ,  i s  l i m i t e d  

t o  a sou thwes t  t r e n d i n g  s t r i p  about  o n e - q u a r t e r  m i l e  wide 

p a r a l l e l i n g  Tom Mine r  Creek i n  secs, 25 , 30 and 36,  T.7 S . ,

R ,6 E„ I f  t he  f a u l t  i s  l o c a t e d  i n  t h i s  s t r i p ,  l i t t l e  d i s p l a c e ­

ment i s  sugges ted because Precambr ian h o r n b l e n d e - b i o t i t e  

s c h i s t s  w i t h  s i m i l a r  a t t i t u d e s  and o r i e n t a t i o n s  would be 

l o c a t e d  on both s i des  o f  the  f a u l t .  Welded t u f f  remnants 

l o c a t e d  on both s i de s  o f  Torn Mine r  Creek,  sec,  3,  T ,8 S . ,

R ,6 E , ,  a l t i t u d e  o f ■6300 f e e t . and i n  sec,  35,  T.7-  S, , R ,6 E, , 

j u s t  o f f  t he  map area a t  an a l t i t u d e  o f  6080 f e e t ,  suggest  

l i t t l e  i f  any d i s p la ce m e n t  a l ong  Tom Miner  Creek s i nc e  

emplacement  o f  the  welded t u f f , .  I f  t he  f a u l t  swings sou th -  

westward up Wigwam, G r i z z l y ,  Horse ,  Sheep, Walsh o r  Tom Miner  

Creeks ,  no a p p r e c i a b l e  o f f s e t  i s  r e cog n i zed  i n  w e l l - b ed d ed  

e p i c l a s t i c  v o l c a n i c  beds and a n d e s i t e  f l o w s .

Spanish Peaks and G a r d i n e r  F a u l t s

The t r a c e  o f  the  n o r t h w e s t - t r e n d i n g  Spanish Peaks re ve r se  

f a u l t  i s  exposed about  f i v e  m i l e s  no r t h w e s t  of. t he  map area .

The t r a c e  o f  t he  n o r t h w e s t - t r e n d i n g  Ga rd in e r  r e v e r s e  f a u l t  i s
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exposed a p p r o x i m a t e l y  s i x  m i l e s  s o u th e a s t  o f . t h e  map area 

( F i g u r e  2 ) „  General  a l i g n m e n t . o f  t hese f a u l t s  sugges t  they  

may r e p r e s e n t  the  same f a u l t  t r e n d  ( W i l s o n ,  1934;  McMannis 

and Chadwick,  1964) .  However,  the  age r e l a t i o n s h i p  between 

t hese f a u l t s  has no t  been es t a b l i s he d - .  ( Ruppel , .  1968) ,  and no 

s u r f a c e  e x p re s s i o n  o f  t hese f a u l t s  i s  r e cog n i zed  i n  the  map 

area o A l i g nm e n t  o f  t he  Spanish Peaks re ve r se  f a u l t  w i t h  

p a r t  o f  the  Western Absaroka b e l t  v o l c a n i c  c e n t e r s  suggests  

i t  i s  no t  an e x t e n s i o n  o f  the  G a r d i ne r  f a u l t .

The d a c i t e  i n t r u s i o n s  and n o r t h w e s t  s t r i k i n g  an de s i t e  

d i k e s  ( secs .  13,  16,  21,  22,  23,  24* 28,  29,  31 and 32,

I . 8 S . ,  R.6 E. )  o f  the  map area are a l l  l o c a t e d  a l ong  the 

po tass ium poor  Western Absaroka b e l t ,  l a b e l e d  K~ on F igu re  2,  

as e s t a b l i s h e d  by Chadwick (1968 ) .  , A l i gnm en t  o f  the  a n d e s i t e  

d i kes  and d a c i t e  i n t r u s i o n s  w i t h  t he  Western Absaroka b e l t  

and Spanish Peaks f a u l t  sugges t s  t h a t  s h e a r i n g ,  f r a c t u r i n g  

and p r e - Eocene f a u l t i n g  c re a te d  a zone o f  weakness a l ong which 

the  a n d e s i t e  d i k e s  and d a c i t e  i n t r u s i o n s  were emplaced.



V. PALEOMAGNETICS

When a l a v a  c o o l s ,  magne t i c  m i n e r a l s  t ake  on a magnet i c  

moment which i s  a l i g n e d  p a r a l l e l  t o  the  e a r t h ' s  magnet i c  f i e l d  

a t  the  t ime  o f  c r y s t a l l i z a t i o n .  Th is  a l i g n m e n t  o f  magnet i c  

moments causes the  rock  t o  become s l i g h t l y  magne t i zed .  Each 

rock  f r a gm e n t  w i l l  have a n o r t h  seek ing  and sou th  seek ing  p o l e ,  

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

a l t e r e d  o n l y  by r e h e a t i n g  o r  l i g h t n i n g  s t r i k e .  O r i e n t a t i o n ,  

o f  a rock  f r a g m e n t ' s  magnet i c  d i p o l e  may be reco rde d  us ing  a 

Brun ton  compass and a p o r t a b l e  f I uxgate  magnetometer .  The 

magnetometer  i s  used t o  l o c a t e  the  p o s i t i o n  o f  the  no r t h  (N) 

and sou th  (S) seek ing  p o l e s .  The n o r t h , (N) and sou th  (S) 

seek ing  po les  are marked on each f r a gm e n t .  Then the  f ragment  

i s  p l aced  i n  i t s  o r i g i n a l  o r i e n t a t i o n  and the  o r i e n t a t i o n  o f  

a l i n e  ( t h e  d i p o l e )  pass ing  t h roug h  the no r t h  (N) and south (S) 

seek ing  po les  i s  measured . O r i e n t a t i o n 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  the  e a r t h ' s  p r e s e n t  magne t i c  d i p o l e ,  n o r t h  seek ing  

po le  p o i n t i n g  no r t h w a rd  - and d i p p i n g  downward, are c a l l e d  

n o r m a l . O r i e n t a t i o n s  w i t h  the  sou th  seek ing  po le  p o i n t i n g  

no r t hwa rd  and d i p p i n g  downward are c a l l e d  r e v e r s e d .  These,  

o r i e n t a t i o n s , normal  and r e v e r s e d ,  are " f i x e d "  i n  the l ava  

upon c o o l i n g .  D i f f e r e n c e s  i n  the  a t t i t u d e  o f  the  d i p o l e  are 

t h o u g h t  t o  be r e f l e c t  a r e v e r s a l  o f  the  e a r t h ' s  magnet i c  f i e l d .
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Magnet i c d i p o l e , o r i e n t a t i o n s  o f  a n d e s i t e  f l o w s ,  d a c i t e  

i n t r u s i o n s , welded t u f f  remnants and a s i l l  i n . t h e  Precambr ian 

metamorph i c  rock  are l i s t e d  i n  Tab le  V.

Examina t i on  o f  Tab le V shows a n d e s i t e  f l o w s  w i t h ,  

az imuths  o f - 10-40 degrees and d i p s  o f  37-51 .degrees , no r t h  

seek ing  po le  down, n o r m a l , o r i e n t a t i o n s . .  E. L . -McCaskey ( o r a l  

commun ica t i on ,  1969) found a n d e s i t e  f l o w s  s o u t h . o f  the  map area 

a t  an a l t i t u d e  o f  about  5900 t o  6780 and 9360- t o  9680 f e e t ,  

w i t h  r e ve r se d  d i p o l e  o r i e n t a t i o n s .  Th is  sugges t s  an d e s i t e  

f l o w s  o f  t he  map area between 5900 t o  6780 and 9460 t o  9680 

f e e t . may have re v e r s e d  d i p o l e  o r i e n t a t i o n s .

The d i p o l e  o r i e n t a t i o n  o f , t h e  t h i r d  d a c i t e  sample in 

Tab le V i s  q u e s t i o n a b l e  because : ( I )  the  d a c i t e  forms a r i d g e

t h a t  has been s t r u c k  b y , l i g h t n i n g  and (2)  the  d a c i t e - i s  weak ly  

magnet i zed  making t he  d i p o l e  o r i e n t a t i o n s  r e a d i n g  v e r y ,  

u n c e r t a i n .  I f  t he  d i p o l e  o r i e n t a t i o n s  are, c o r r e c t ,  a r e v e r s a l  

o f  the  e a r t h ' s  magne t i c  f i e l d  i s  sugges ted between the emplace­

ment o f  the  Sheep Mounta in d a c i t e  and the d a c i t e  s i l l  s o u t h ­

west  o f  Sheep Mounta in .

A r e v e r s a l  o f  t he  e a r t h ' s - m a g n e t i c  f i e l d  i s  a l s o  suggested 

between t he  emplacement  o f  the  a n d e s i t e  f l o w s  w i t h  a l t i t u d e s '  

f rom 7600 t o  9360 f e e t  and the  Sheep Mounta in  d a c i t e .

A r e v e r s a l  i n  t he  e a r t h ' s  magne t i c  f i e l d  t o o k  p l ace  i n  

e a r l y  P l e i s t o c e n e  o r  ve ry  l a t e  P l i o c e n e  ( Naga ta , 1961) .  I f

x
/
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TABLE V. WELDED TUFF DIPOLE ORIENTATIONS

L o c a t i o n  A l t i t u d e  Rock t ype  I n c l i n a t i o n
D e c l ! n a t i o n

SW^sec. 3 0 , T .8 S. , R. 6 E. 7600
NW^sec. 3 0 , T . 8 S . , R. 6 E. 7600
SW^sec. 2 4 , T . 8 S. , R .6 E. 8800
NE^sec .3 T , T „8 S. , R. 6 E. 9000
NE^sec. 2 4 , 1 . 8 S . , R .6 E. 9040
NW^sec. 5 , 1 . 9 S . ,R.6 E. 9360
NW^sec. 2 8 , 1 . 8 S. ,R.6 E. 8400

NE%sec. 2 1 , 1 . 8 S. ,R.6 E. 8640
SW%sec. 3 1 , 1 . 8 S . ,R.6 E. 9360

NW%sec. 3 1 , 1 . 7 S. , R. 7 E. 6000

Sh s e c . 1 7 , 1 . 8 S . , R.6 E. 7200

Sh s e c . 1 7 , 1 . 8 S . , R.6 E. 7200

S^ s e c . 1 7 ,1 .8 S . , R.6 E. 7200

Sh s e c . 1 7 , 1 . 8 S. ,R.6 E. 7200

Sh s e c . 1 7 , 1 . 8 S . ,R.6 E. 7200

An de s i t e f  I OW P
O O
O 4 3 ° (N) down

Andesi t e f  I OW 10° C
O O

Z down
A n de s ! t e f  I OW 20° 3 7 ° (N) down
Andes i t e f  I OW 40° 5 1 ° (N) down
A n de s i t e f  I OW 30° 4 7 ° (N) down
A n d e s i te f  I  OW 20° 4 0 ° (N) down
Sheep Mt. 
Dac i t e

155° 2 5 ° (S) down

Sheep Mt. D a c i t e  58 °15° (S ) down
D a c i t e  s i l l  SW. 
o f  Sheep Mt.

35 ° 57° (N) down

A n de s i t e s i l l 330° 7 0 ° (N) down
in  Precambr i  an metamorphic rock
Upper p i nk 235° I l 0 (N) down
p a r t i a l l y  welded z o n e , 
remnant  eas t  o f  Sheep Creek
Upper p i n k  220° 6 3 ° (N) down
p a r t i a l l y  welded z o n e , 
remnant  eas t  o f  Sheep Creek
M idd le  b lack  185° 3 ° (N) down
g l a s s y  dense l y  welded zone,  
remnant  eas t  o f  Sheep Creek
Midd le  b lack  ,220°  5 ° (N) down
g l a s s y  dense l y  welded zone,  
remnant  ;eas t  o f  Sheep Creek
Lower brown 231° I T 0 (N) down
p a r t i a l l y  welded zone,  
remnant  e ^ s t  o f  Sheep Creek



the  welded t u f f s  are P l i o - P l e i s t o c e n e  i n  ag e , anomalous but  

c o n s i s t e n t  d i p o l e  o r i e n t a t i o n s ,  n o r t h - s e e k i n g  po le  p o i n t i n g  

sou thward and d i p p i n g  downward, o b t a i n e d  f o r  the  welded t u f f  

zones -may sugges t  t hey  were d e p o s i t e d  d u r i n g  the  P l i o c e n e r  

P l e i s t o c e n e  r e v e r s a l .

As p r e v i o u s l y  me n t i oned ,  random s c a t t e r  o f  d i p o l e ,  

o r i e n t a t i o n s  o f  a n d e s i t i c  c l a s t s  f rom an e p i c l a s t i c  v o l c a n i c  

b r e c c i a , l o c a t e d  i n  sec .  16,  I . 8 S . ,  R .6 E. sugges t s  emplace­

ment by mudf lows a t  t em pe ra tu re s  below the b l o c k i n g  tempera­

t u r e s  p f  the  c l a s t s . Table VI l i s t s  the  o r i e n t a t i o n s  o b t a i n e d .

The emplacement  t em pe ra tu re  f o r  t h i s  e p i c l a s t i c  v o l c a n i c  

b r e c c i a  was e s t i m a t e d  us ing  h e a t i n g  curves  ( J / J o  vs.  T°C. )  

where the magne t i c  i n t e n s i t y  o f  a cube sawed f rom each b l ock  

b e f o r e . h e a t i n g  ( Jo )  i s  compared t o  the  magnet i c  i n t e n s i t y  o f  

the  cube a t  v a r i o u s  t e m per a tu res  d u r i n g  h q a t i n g ,  ( J ) . .  The 

t h e o r y  upon which t h i s  method i s  based i s  d i scu ss ed  in 

Aramaki  and Ak imoto (1957 ) .  Table  V I I  l i s t s  the  emplacement 

t e m p e r a tu re  - d a t a .

Exam ina t i on  o f  Table  V I I  shows an emplacement  t empe ra tu re  

o f  117° C o r  l e s s  i s  sugges ted i f  i t  i s  assumed t h a t  du r i n g  

c o o l i n g ,  a t  l e a s t  75 p e rc e n t  o f  t he  u l t i m a t e  m a g n e t i z a t i o n  i s  

a cq u i re d  a t  t e m p e r a tu re s  above t h a t  o f  the f i n a l  emplacement 

o f  the  b r e c c i a .  The magnet i c  d i p o l e s  " f r ozen  i n t o "  the  rock" 

above t h i s  t e m pe r a tu re  were then r o t a t e d  by c o n t i n u e d  move­

ment o f  the  b r e c c i a  t o  d i s o r i e n t  the  d i p o l e s .
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TABLE V I .  DIPOLE ORIENTATIONS OF CLASTS FROM AN 

EPICLASTIC VOLCANIC BED

Sample Tjumber D e c l i n a t i o n I n c l i n a t i o n

I 3 5 2 ° 2 °  ( S ) down
2 2 6 ° 4° (N) down
3 3 2 8 ° 9 °  ( S ) down
4 4 8 ° TO0(N) down
5 10° 8 5 ° ( S ) down
6 3 1 8 ° 2 7 ° ( N ) down
7 4 2 ° 4 2 ° ( N ) down
8 3 3 0 ° 5 9 ° ( N ) down
9 3 5 2 ° 9 °  ( S ) down -

10 2 8 ° C
O

O
t O

-C
O down

11 2 9 q ° , 5 2 ° ( S ) down
12 3 0 5 ° 3 ° ( S ) down
13 ' 2 8 ° 5 6 ° ( S ) down
14 8 9 ° 4 8 ° (S) down
15 3 1 2 ° 7 9 ° ( N ) down
16 3 5 ° 2 8 ° ( N ) down

TABLE V I I . EMPLACEMENT TEMPERATURE DATA

J / J o Temperatu re  °C 
F i r s t  run , Second run

I .00 25 25

.90 80 45

. 8 0 - 105 80

. 75 117 100

.70 130 115



VI .  SOURCE OF VOLCANICS

P r e - V o l c a n i c  Topography

P r i o r  t o  d e p o s i t i o n  o f  the Eocene v o l c a n i c  sequence,  the  

map area was p a r t  o f  a t o p o g r a p h i c  bas in  bounded on the west  

by a r i d g e  o f  Precambr i  an to  Cretaceous s t r a t a ,  on the no r t h  

by i n t e r m i t t e n t  t o p o g r a p h i c  h i ghs  o f  Precambr i  an metamorphic  

r ock  and on the ea s t  by a r i d g e  o f  P recambr i an metamorphic  

rock  t h a t  ex tended southward a t  l e a s t  to  Mol Heron Creek 

( Pea le,  1896;  Hague, I d d in g s  and Weed, 1894;  H a l l ,  1961;  

McMannis and Chadwick,  1964;  E. L . McCaskey, o r a l  communica­

t i o n ,  1 968;  P l a t e  I , t h i s  s t u d y ) .

A Sou th ea s te rn  Source

A source s o u t h e a s t  o f  the  map area  i s  sugges ted  f o r  the 

g r e a t e r  p a r t  o f  the  Eocene v o l c a n i c  sequence because:  ( I )  

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

(2)  t oward  the west  and n o r t h w e s t , e p i c l a s t i c  v o l c a n i c  beds,  

p a r t i c u l a r l y  a t  a l t i t u d e s  below 8800 f e e t ,  become b e t t e r  

s t r a t i f i e d  w i t h  more rounded c l a s t s  and c o n t a i n  more f i n e  

g r a i n e d  beds;  (3)  f o s s i l  f o r e s t s  become more abundant  w es t ­

ward and n o r t h w e s tw a rd ;  (4)  r i d g e s  i n  the p r e - v o l c a n i c  t o p o ­

g raphy ,  as i n d i c a t e d  above,  would have p r ob a b l y  b locked  any 

m a t e r i a l s  coming f rom the e a s t ,  n o r t h  o r  west  a t  l e a s t  i n  the 

e a r l i e r  s tages  o f  d e p o s i t i o n  b e fo r e  t o p o g r a p h i c  lows f i l l e d



-50-
Stnedes (1968)  sugges t s  the Eocene v o l c a n i c  sequence, sou th  

o f  the  map a r ea ,  was d e r i v e d  f rom vents  i n  a l a r g e  n o r t h -  

n o r t h e a s t  t r e n d i n g  h o r s t  i n  the E l e c t r i c  Peak -Sepu lcher  Moun­

t a i n  r e g i o n ,  s o u t h e a s t  o f  the map area i n  Y e l l o w s to ne  N a t i o na l  

Park ( F i g u r e  2 ) .  The same o r i g i n  i s  suggested f o r  the g r e a t e r  

p a r t  o f  the  Eocene v o l c a n i c  sequence o f  the map area because 

the two Eocene sequences are i n  p a r t  c o e x te n s i v e  and p r ob a b l y ,  

con temporaneous„

A No r th e r n  Source

A n o r t h e r n  source  f o r  some o f  the  upper  p a r t  o f  the 

v o l c a n i c  sequence i n  the  n o r t h w e s t e r n  p a r t  o f  t he  map area i s  

sugges ted  by:  ( I )  numerous Precambr i  an f ragments  i n  c r u d e l y

s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c  beds a t  a l t i t u d e s  above 8720 

f e e t ;  (2)  beds s t r i k i n g  n o r t h e a s tw a rd  and d i p p i n g  as much as 

30 degrees s o u th e a s tw a r d ,  which i s  g r e a t e r  than what  cou ld 

r ea so n ab l y  be due t o  r e g i o n a l  t i l t i n g ;  (3)  an a u g i t e  r i c h  

a n d e s i t e  f l o w  occurs  a t  an a l t i t u d e  o f  about  9280 f e e t  (sec .

35,  I . 8 S . ,  R.5 E„ )  t h a t  c l o s e l y  resembles the a u g i t e - r i c h  

n o r t h e r n  G a l l a t i n  Range a n d e s i t e s ;  (4)  some a n d e s i t e  f l ows 

w i t h  a l t i t u d e s  o f  about  8400 t o  9200 f e e t  l o c a t e d  i n  the 

n o r t h e r n  G a l l a t i n  Range grade sou thward i n t o  e p i c l a s t i c  

v o l c a n i c  beds which seem con t i n uo us  f rom the n o r t h e r n  G a l l a t i n  

Range t o  the  Ramshorn Peak a r ea ,  about  one m i l e  n o r t h  o f  the  

n o r t h w e s t  c o r n e r  o f  the  map area ( R. A. Chadwick,  o r a l
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commun ica t i on ,  1969) .

A n de s i t e  Dikes

Comp os i t i o na l  s i m i l a r i t y  between the seven a u g i t e -  

h o r n b l ende - hyp e r s th en e  a n d e s i t e  d i k e s ,  eas t  o f  Horse C reek , 

and the upper  a u g i t e - h o r n b l e n d e - h y p e r s t h e n e  a n d e s i t e  f lows  

may sugges t  the  d ikes  fed upper  f l o w s .

Thus the  upper  a n d e s i t e  f l o w s  and e p i c l a s t i c  v o l c a n i c  

beds,  i n  c o n t r a s t  t o  the l owe r  a n d e s i t e  f l ows  and e p i c l a s t i c  

v o l c a n i c  beds,  cou ld  have come i n  p a r t  f rom:  ( I )  the s o u t h ­

e a s t ,  as a c o n t i n u a t i o n  o f  vo l c a n i sm  f rom E l e c t r i c  Peak- 

Sepu l che r  Mounta in  r e g i o n ;  (2)  t he  a n d e s i t e  d i k e s  west  o f  

Horse C ree k . However ,  much i f  no t  a l l  o f  the  m a t e r i a l  

p ro b a b l y  came f rom the n o r t h ,  as i n d i c a t e d  by t he  ev idence 

s t a t p d  above.

P l i o - P l e i s t o c e n e  Welded T u f f  Remnants

The source o f  the  welded t u f f  remnants eas t  o f  Sheep 

Creek ahd west  o f  Horse Creek i s  t h o u g h t  t o  be no r t h w e s t  o f  the 

map area because : ( I )  a welded t u f f  remnant  on the no r t h  s i de

o f  Tom Mine r  Creek j u s t  o f f  the  map area ( sec .  18,  T .8 S. ,

R.6 E. )  has the same w e ld i n g  z o n es ; (2)  welded t u f f  remnants 

are r e s t r i c t e d  tO' the  v a l l e y  o f  Tom Miner  Creek and occur  a t  

l owe r  a l t i t u d e s  e a s t w a r d ;  (3)  i n  t h i n  s e c t i o n ,  t he  welded t u f f  

exposure west  o f  Horse Creek i s  p e t r o g r a p h i cal  I y  s i m i l a r  t o



t he  p i n k  p a r t i a l l y  welded zone o f  the  ou t c ro p  eas t  o f  Sheep 

Creek,  s u g g e s t i n g  both welded t u f f s  are re m n a n ts ■o f  t he  same 

welded ash f l o w .
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V I I .  GEOLOGIC HISTORY

Precambr i  an

I n t e r c a l a t e d  q u a r t z i t e s  and h o r n b l e n d e - b i o t i t e  s c h i s t s  

sugges t  d e p o s i t i o n  o f  a q u a r t z o - f e l d s p a t h i c  sed imen ta ry  

sequence as the e a r l i e s t  recorded  even t  i n  the map a r e a : These

s c h i s t s  f l a n k  a q u a r t z - b i p t i t e - p l a g i o c l a s e  gne i ss  t h a t  may 

r e p r e s e n t :  ( I )  a g r a n i t i c  i n t r u s i o n  i n t o  the  q u a r t z o -

f e l  d s p a t h i c  sed im en ts ;  (2)  a g r a n i t i c  t o p o g r a p h i c  h igh t h a t  

was on - l a p pe d  by. t he  q u a r t z o - f e l  d s p a t h i c  s ed im en ts ;  (3)  a 

b l o c k  o f  a r k o s i c  o r  g r a n i t i c  c om p o s i t i o n  b r oug h t  t o  the 

s u r f a c e  by f a u l t i n g ;  (4)  a g r a n i t i z e d  a r e a .

I n t r u s i o n  o f  ba s i c  s i l l s  i n t o  the  q u a r t z - b i o t i t e - p l a g i o -  

c l a s e  gne i ss  b e fo re  metamorphism and f o l d i n g  i s  suggested by 

the  f o l l o w i n g  f e a t u r e s  i n  the s i l l s :  ( I )  p i a g i o c l a s e  g r a i n s

w i t h  r e c r y s t a l  I i zed edges;  (2)  f r a c t u r e d  c r y s t a l s ;  (3)  l o c a l  

c a t a c l a s t i c  s t r u c t u r e s ;  (4)  a l t e r a t i o n  o f  a u g i t e  t o  green 

amph ibo le ;  (5)  p a r a l l e l i s m  o f  s i l l s  t o  f o l i a t i o n .

These s i l l s  are p r o b a b l y  o f  P r ec a mb r i an age because o f  

suggested metamorphism and o r i e n t a t i o n  p a r a l l e l  t o  the 

f o l i a t i o n .  However,  a Precambr i  an age i s  n o t . p o s i t i v e  because 

m a f i c  T e r t i a r y  d i kes  are l o c a t e d  i n  the  Lonesome Mounta in area 

o f  the  Precambr i  an Be a r to o th  b l o c k  and s i m i l a r  m a f i c  d ikes 

i n t r u d e  Cambrian beds near  the  map area (L a rs e n ,  P o l d e r v a a r t
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and . Ki r c h m a y e r , 1 966 ; W „ J„ McManni s ,  o r a l  commun ica t i on ,  196,9) 

D i a g n o s t i c  r e l a t i o n s h i p s  were no t  observed t o  de term ine  

whe the r  f o l d i n g  was b e f o r e , d u r i n g  or  a f t e r  metamorphism.

Pegmat i t es  occu r  both p a r a l l e l  t o  and c r o s s c u t t i n g  

f o l i a t i o n .  D i a g n o s t i c  f e a t u r e s  were no t  observed t o  e s t a b l i s h  

whe the r  t he  pe gm a t i t e s  formed d u r i n g  o r  a f t e r  metamorphism.

From Tom Mine r  Creek sou thward a l ong the west  s i de  o f  

Tepee C re e k , the  metamorph i c  sequence c o n s i s t s  o f  i n t e rb e d d e d  

h o r n b l e n d e - p l a g i b c l a s e - b i o t i t e  s c h i s t s  and s c h i s t o s e  

q u a r t z i t e s ;  q u a r t z - b i o t i t e - p l a g i o c l a s e  gne i ss  and g r a n u l i t e .

An i n c r e a s e  i n  metamorph i c  i n t e n s i t y  southward i s  suggested 

by:  ( I )  appearance o f  b i o t i t e ,  ho rn b le n d e ,  p l a g i o c l a s e  and 

e p i d o t e  i n  the s c h i s t s ;  (2)  g a r n e t ,  g r a p h i c  i n t e r g r o w t h s  o f  

f e l d s p a r  and q u a r t z  and r e c r y s t a l  I i zed qu a r t z  i n  the  g n e i s s ;

(3 )  a u g i t e ,  abundant  g r a p h i c  i n t e r g r o w t h s  o f  q u a r t z  and 

f e l d s p a r s ,  re c r y s t a l  I i zed g r a i n s  o f  q u a r t z  and f r a c t u r e d  

p l a g i o c l a s e  l a t h s  i n  the  g r a n u l i t e .  The m ine ra l  assemblage 

e p i d o t e ,  b i o t i t e - h o r n b l ende , g a rn e t  and a u g i t e  sugges t s  

medium to  h i gh grade r e g i o n a l  metamorphism o f  t he  a lmand ine-  

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

A p r e - B e l t  age i s  sugges ted f o r  the metamorph ic  r o c k s . o f  

the  map area by age dates  o f  1 .6  t o  3 .2  b i l l i o n  yea rs  d e t e r ­

mined on metamorph ic  r o c k s ,  n o r t h ,  n o r t h e a s t ,  n o r t h w e s t  and 

s o u t h e a s t  o f  the  map area ( D„ G. B r o o k i n s ,  1965,  w r i t t e n
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communi c a t i  on t o  IaL J c McManni s ; McMannis and Chadwick,  1 964;  

G i l e t t i  , 1 966) .

P a l e o z o i c -M e s o z o i c

F o l l o w i n g  f o l d i n g  and metamorphism a s ed im en ta r y  sequence 

a t  l e a s t  10,000 f e e t  t h i c k  was d e p o s i t e d  w i t h  a n g u l a r  uncon­

f o r m i t y  on the Precambr ian metamorph ic  rock ( I d d i n g s ,  1904;  

W i l s o n ,  1934a,  1934b) .  At  a l a t e r  d a t e ,  t h i s  sed imen ta ry  

sequence was p a r t l y  removed by e r o s i o n  s i nce  v o l c a n i c s  i n  

many p l a c e s ,  i n c l u d i n g  the map a r e a ,  r e s t  d i r e c t l y  on 

Precambr ian metamorph ic  r ock .

Cenozoic

Movements a l ong the  Spanish Peaks f a u l t  p r o b a b l y  took 

p l ace  i n  se ve ra l  phases f rom l a t e  Cretaceous up t o  p r e - m i d d l e  

Eocene t ime  (McMannis and Chadwick,  1964) ,

The i n t e r c a l a t e d  e p i c l a s t i c  v o l c a n i c  beds and an des i t e  

f l o w s  were emplaced d u r i n g  Eocene t i m e .  Dac i t e  i n t r u s i o n s  

and a n d e s i t e  d i kes  were emplaced a l ong  the n o r t h w e s t - t r e n d i n g  

Western Absaroka b e l t  a l so  d u r i n g  Eocene t i me .

The e p i c l a s t i c  v o l c a n i c  beds and a n d e s i t e  f l o w s  o f  the 

map area are i n t e r p r e t e d  as Eocene because t hey  are c o n t i n ­

uous l y  t r a c e a b l e  sou thward f rom Big Horn Peak i n t o  beds 

mapped as Eocene by Smedes (1968 ) .

The d a c i t e  i n t r u s i o n s  o f  the  map area are Eocene or



younge r  i n  age because they  i n t r u d e  the  Eocene v o l c a n i c  

sequence.  The d a c i t e  i n t r u s i o n s  are i n t e r p r e t e d  as Eocene 

because s i m i l a r  d a c i t e  i n t r u s i o n s  l o c a t e d  a l ong  the  po tass ium-  

r i c h  Eas te rn  Absaroka b e l t  on M i l l  and Big C re e ks , no r t h w es t  

o f  the  map a rea ,  y i e l d e d  K/Ar  dates  o f  49.0 and 4 9 . 5±1 .5 

m i l l i o n  yea rs  r e s p e c t i v e l y  (R. A . Chadwick,  i n  p r e s s ) .

Since Eocene up t o  P l i o - P l e i s t o c e n e  t i m e ,  e r o s i o n  was the 

o n l y  r ec og n i z ed  g e o l o g i c  even t  i n  the  map a r e a . However,  many 

g e o l o g i c  even t s  took  p l ace d u r i n g  t h i s  p e r i o d  a c c o rd in g  to 

ev i dence  f rom nearby  a reas .  In the  Ye l l ow s to ne  V a l l e y ,  

n o r t h e a s t  o f  the  map a r e a , o l i v i n e  b a s a l t  f l o w s ,  capping 

Hepburn ' s  Mesa, have been dated as P l i o c e n e , b y  Bush (19,67). 

These b a s a l t  f l ow s  o v e r l i e  a l a t e  M i o c e n e - e a r l y  P l i ocene  

s i l t s t o n e  ( Horberg , 1 940) and g r a v e l .

One o r  more welded t u f f  d e p o s i t s  r e s t  unconform,ably on 

Eocene e p i c l a s t i c  v o l c a n i c  beds and a u g i t e - h y p e r s t h e n e  

a n d e s i t e  f l o w s .  Th i s  r e l a t i o n s h i p  i n d i c a t e s  t h a t  the welded 

t u f f s  are Eocene o r  youn ge r .  Welded t u f f s  i n  nearby  reg ions  

are Eocene (S e p u l c h e r  Mounta in and n o r t h e r n  Ye l l ow s to ne  

N a t i o n a l  P a r k . '  C^rost k a , o r a l  communica t i on  1968;  1 968) and 

P l i o - P l e i s t o c e n e  (Y e l l o w s to n e  P l a t e a u :  C h r i s t i a n s e n  and o th e rs  

1 968) .  The wel ded t u f f s  o f  the  map area are i n t e r p r e t e d  to  

be P l i O - P l e i s t ocene  because : ( I )  p o s t - c o o l i n g  a l t e r a t i o n  o f

g l as s  and o x i d a t i o n  o f  i r o n  are l a c k i n g ;  (2)  t r i d y m i t e  and
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c r i s t o b a l i t e  have no t  been co n v e r t e d  t o  o p a l ,  cha l cedony  or  

q u a r t z .  Absence o f  these  types o f  a l t e r a t i o n  i s  c h a r a c t e r ­

i s t i c  o f  P l i o c en e  and younge r  welded t u f f s  a c c o r d i n g  to  

Smi th ( I 9 6 0 ) .

The welded t u f f  remnants l o c a t e d  a l ong Tom Mine r  Creek 

l i e  a|bou t  50 t o  480 f e e t  above the  p r e se n t  v a l l e y  f l o o r .  Th i s  

sugges t s  t he  v a l l e y  f l o o r  was about  50 to  480 f e e t  h i g h e r  

b e fo re  the  welded t u f f s  were d e p o s i t e d  i n  P l i o - P l e i s t o c e n e  (?)  

t i m e .  R e l a t i v e  a l t i t u d e s  o f  the  welded t u f f  remnants suggest  

t he  v a l l e y  f l o o r  had a s t e e p e r  g r a d i e n t  to  the  ea s t  a t  t h a t  

t ime  than i t  does a t  p r e s e n t .

The area was g l a c i a t e d  a t  l e a s t  once d u r i n g  t h i s  p e r i o d .  

C i rques  i n  Tom Mine r  Basin have f l o o r s  a t  a l t i t u d e s  o f  8800 

f e e t  and above and g l a c i a l  d r i f t ,  mora ines and e r r a t i c s  occur  

a t  a l t i t u d e s  up t o  a t  l e a s t  7600 f e e t .  Roches mountonees and 

s t r a i t e d  i c e  marg ina l  c h a n n e l s ,w h i c h  p a r a l l e l  t he  p r ese n t  

Y e l l o w s t o ne  R i v e r ,  have been c u t  i n  P recambr i an metamorphic  

rocks  i n  Yankee Jim Canyon„ Yankee Jim Canyon i s  i n t e r p r e t e d  

as hav ing  been c a r v ed ,  a t  l e a s t  i n  p a r t ,  by g l a c i a l  a c t i o n  

because s t r i a t e d  Precambr i  an me tamorph i c rocks oc c u r  a t  

a l t i t u d e s  about  even w i t h  the  p r e s e n t  Ye l l ow s to ne  R i v e r  

channe l .

The f o r m a t i o n  and d e s t r u c t i o n  o f  a l a n d s l i d e  dam b l o c k i n g  

the  Y e l l o w s t o n e  R i v e r  i n  Yankee Jim Canyon i s  sugges ted  by



- 5 8 -

remnants o f  m a t e r i a l  t h a t  formed the  dam and outwash m a t e r i a l  

o f  s i m i l a r  c o m p o s i t i o n  de p o s i t e d  downstream when the  dam 

b r o k e „ Th i s  even t  i s  w e l l  documented by Good (1964 ) .

' .
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