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commonly oc c u 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 

c h a n n e l s ;  ( 5 )  l o c a l l y  c o n t a i n  s t r e am- r ou 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 e  Success i on

A r e p r e s e n t a t i v e  s e c t i o n  o f  t he Eocene v o l c a n i c s  ( se cs .

6,  7 and 18,  T . 8  S . ,  R.7 E. )  ( P l a t e  I )  a l ong  t he r i d g e  wes t  o f  

Wigwam Creek sout h to t he  boundary  o f  t he map area i s  

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

TABLE I .  REPRESENTATIVE SECTION A

Feet Des c r i  p t i  on

280 A u g i t e - h y p e r s t h e n e - h o r n b l e n d e  a n d é s i t e  f l o w s

880 Cr ude 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

1 350 H y p e r s t h e n e - a u g i t e  a n d é s i t e  f l ows

60 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  
e p i c l a s t i c  v o l c a n i c  beds

s t r a t i f i e d

160 Hypers t h e n e - a u g i  t e  a n d é s i t e  f l ov/s

•
Pr ecambr i an  me t amor ph i c  rock

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

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

R.6 E. ) ( P l a t e  I )  a l ong  t he  r i d g e  west  o f  G r i z z l y  Creek sou t h
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to t he boundary  o f  t he map area i s  i l l u s t r a t e d  i n  Tabl e 11

TABLE I I .  REPRESENTATIVE SECTION B

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

Top Eroded

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 é s i t e f  1 ows

160 Cr ude 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

i  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 é s i t e f l ows

< 160 Cr ude 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 e d  a u g i t e - h y p e r s t h e n e - h o r n b l e n d e  
a n d é 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 e n d e a n d é s i t e f  1 ows

720 Crude l y  s t r a t i f i e d  e p i c l  as t i c  
l o c a l l y  i n t e r c a l a t e d  w i t h  we l l  
v o l c a n i c  beds and l enses

v o l c a n i c
bedded

beds,  
e p i c l a s t i c

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

960 Cr ude 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  
l o c a l l y  i n t e r c a l a t e d  w i t h  we l l  bedded 
e p i c l a s t i c  v o l c a n i c  beds and l enses

beds ,

Covered

A r e p r e s e n t a t i v e  s e c t i o n  ( secs .  30 and 31, T.8 S . ,  R.6 E. ,

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

1,  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  Coun t i es  south f rom Tom Mi ner  Creek t o  t he
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Ye l l ows t o ne  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  Tab l e  I I I  

TABLE I I I .  REPRESENTATIVE SECTION C

Feet Des c r i  p t i  on

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 é 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 we 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 é 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 we 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 é s i t e  f l o ws

1 840 I n t e r c a l a t e d  we 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 
decrease i n  abundance upward

Covered

Exami na t i on  o f  Tabl es  I ,  I I  and I I I  and P l a t e  I sugges t  

t h a t  i n  a wes t ward d i r e c t i o n ,  t he uppermost  a n d é s i t e  f l ows  

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

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

Mount a i n  near  the Gal 1 a t i n - Y e l 1owstone d i v i d e .

The mi dd l e  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, T . 8  S . ,  R.6 E. )  (Tab l e  I I )  wes t ward  t oward Sheep Mount a i n  

a n d  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  a n d é s i t e  

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

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

become i n c r e a s i n g l y  w e l l  bedded t owar d  t he  Gal 1a t i n - Y e l 1owstone

d i v i d e .

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

grade f r om a sequence o f  mass i ve f l o w s  ( P l a t e  I ,  sec.  12,

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

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. )  

(Tabl e 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 l e  I I I ) .

Eocene I n t r u s i o n s

Andes i t es

Seven a n d é s i t e  d i k e s ,  w i t h  r e co r ded  t h i c k n e s s e s  o f  two t o  

t we l ve  f e e t  and s i x  a n d é s i t e  s i l l s ,  r a n g i n 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 t hwes 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 Creeks.

The d i k e s  and s i l l s  are dark g r ey  and c o n t a i n  ph e n o c r y s t s

o f  p l a g i o c l a s e ,  a u g i t e ,  ho rnb l ende  and hy p e r s t h ene .

Dac i t es

A n o r t h - s o u t h  e l o n g a t e 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 e s  i n  a r e a ,  compr i ses  Sheep Mounta i n  and t he n o r t h 

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

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

e l o n g a t e 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  i n  

e x pos u r e ,  i s  l o c a t e d  about  one m i l e  eas 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 e s  

s ou t hwes t  o f  Sheep Mounta i n  ( 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  or  r e d d i s h  grey  and 

c o n t a i n  p h e n o c r y s t s  o f  p l a g i o c l a s e ,  b i o t i t e  and h o r n b l e n d e .
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PLATE VII

F i gu r e  1. View l o o k i n g  sout h t oward Sheep Mo un t a i n ,  a 
d a c i t e  i n t r u s i o n .

A. Sheep Mounta i n  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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P 1 i o - P l e i s t o c e n e
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 :  (1)  eas t  o f  Sheep 

Mounta i n ( sec .  17,  T. 8  S . ,  R.7 E. )  a t  an a l t i t u d e  o f  about  7200 

f e e t ;  (2)  wes t  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,  T . 8  S . ,  R.7 E.) 

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

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

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

1) .  The l i t h o l o g i e  sequence i s  as f o l l o w s  ( Re f e r  t o  P l a t e  

V I I I ,  F i g u r e  2 ) :

TABLE IV.  WELDED TUFF SEQUENCE

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

Eroded t op

2 6 ' 0 "  Pink f r i a b l e  p a r t i a l l y  wel ded t u f f

2 3 ' 6 "  Bl ack  de n s e l y  wel ded 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 .

6 ' 11 ' '  B l ack  g l a s s y  dense l y  wel ded t u f f

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

0 ' 3 "  Vo l can i  c ash

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

covered
" pa l eo  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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PLATE VIII

Figure 1

A.

B.

F i g u r e  2

A.
B.

C.
D.
E.
F.

View o f  Tom Mi ner  Bas i n l o o k i n g  e a s t .  Cr ud 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  bed i n  l e f t  
f o r e g r o u n d .

Exposure o f  wel ded t u f f  remnant  sou t h  o f  Tom Mi ne r  
Creek and e a s t  o f  Sheep Creek.
Exposure o f  welded t u f f  n o r t h  o f  Tom Mi ner  Creek.

A

B

D
.  /'S'

4'-.

■ u  /

L i t h o l o g i e  sequence o f  wel ded t u f f  remnant  ( sec .  
17,  R.6 E. ,  T . 8  S . )  l o c a t e d  e a s t  o f  Sheep Creek.  

Pi nk  p a r t i a l l y  welded t u f f .
B l ac k  dense l y  wel ded 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 .
B l ack  g l a s s y  dense l y  wel ded t u f f .
Brown p a r t i a l l y  welded t u f f .
A s h .
" Pa l eo  s o i l " .

M
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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  

to f i v e  f e e t  t h i c k ,  i s  a p i nk  or  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 wel ded t u f f  remnant  e a s t  o f  Wigwam Creek ,  about  80 

f e e t  t h i c k  i n  ex 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  resembl e 

f l ow band i ng .
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Qua t e r na r y

S u r f i c i 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  cover  o l d e r  

rocks  o f  t he map area.

The s u r f i c i a l  d e p o s i t s  o f  Tom Mi ner  Basi n are ma i n l y  

g l a c i a l  d r i f t  w i t h  mi no r  amounts o f  a l l u v i u m .

Qu a t e r na r y  d e p o s i t s  a l ong  the Ye l l o ws t o 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 Met amorph 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%), b i 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 ,  m i 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  t he 

gne i sses  examined.  Sout hward t owar d  t he P r e c a m b r i a n - v o l c a n i c  

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

p e r cen t age  o f  b i o t i t e  dec r eases .  Thin s e c t i o n s  i n d i c a t e  no 

c o n s i s t e n t  change i n q u a r t z  and t he mi nor  m i n e r a l s  t h r ough  

the ar ea .

Quar t z  occurs  as (1)  anhedr a l  masses and (2)  anhedra l  

t o s ubhed r a 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 i mens i on .  The q u a r t z  masses are e l o n g a t e d  p a r a l l e l  

t o t he  f o l i a t i o n .  Gra i ns  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  l i  zed ma r g i ns .

P l a g i o c l a s e  occu r s  as subhedr a l  l a t h  shaped c r y s t a l s ,  

up t o  4 mm. l o n g ,  hav i ng i r r e g u l a r  boundar i es  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 t e r mi ned  by the 

" M i c h e l - L e v y  Met hod" i s  An^g,  l 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 c l 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 t e 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 r immed 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 mu s c o v 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 i mens i on  and occu r

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

Gar net s  are a n h e d r a l ,  up t o  1.75 mm. i n maximum d i men

s i o n ,  pa l e  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 r g i n s ,

M i c r o c l i n e  occu r s  as subhedr a 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 r nb l ende  

( 27 - 55%) ,  p l a g i o c l a s e  ( 0 - 32%) ,  b i o t i t e  ( 0 - 7%) ,  ma g n e t i t e  (1%) 

and epi  dote (0-1%) .

In t he s l i d e s  exami ned,  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 r e s e n t  as p o r p h y r o -  

b l a s t s .  A l l  m i n e r a l  g r a i n s  i n  t he s c h i s t  are p a r a l l e l  t o 

t he  f o l i a t i o n .

Quar t z  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 l i z e d  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
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anhedra l  t o  s u b h e d r a l ,  and up to 0 .5  mm. i n  maximum d i me ns i on .  

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 subhedr a l  t o  anhedr a l  c o n t o r t e d  l a t h s  o f  

h o r nb l end e  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- t wi nned and o t h e r s  r i m b i o t i t e .  Anhedra l  ma g n e t i t e  r i ms 

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 s ubhed r a 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  c l i ne t w i n n e d .  

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 subhedr a l  f l a k e s  up t o  

0 . 75 mm. l ong .

E p i d o t e  occu r s  as anhedra l  g r a i n s  up t o  0.1 mm. i n  

maximum d i mens i on .

S c h i s t o 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 t a i n s  quar 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 t e  

and q u a r t z  are e l o n g a t e d  p a r a l l e l  to t he 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 ,  t he  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%),  

magne t i t e  and h e m a t i t e  (2%),  ho r nb l ende  (1%),  b i o t i t e  (1%) 

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

P l a g i o c l a s e ,  commonly zoned,  b e n t ,  c o r r oded  and 

f r a c t u r e d ,  occu r s  as subhedr a l  l a t h s  up t o 3.0 mm. l o n g .

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

d i mens i on and subhed r a l  books o f  b i o t i t e ,  up t o 1.25 mm. 

l on g ,  are a l t e r e d  t o  ho r nb l ende  a l ong t h e i r  mar g i ns .

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 h e ma t i t e  occu r  as a l t e r a t i o n  p r oduc 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 ase  ( 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 -  

growths  ( 0 - 1%) ,  hype r s t hen e  (0-1%) and ho r nb l ende  ( l e s s  than 

1 %) .

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

t w i nned  and l o c a l l y  u r a l i z e d  t o h o r n b l e n d e .

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

a c o mp 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) .

Ma g n e t i t e  r i ms  and i s  i n c l u d e d  i n  hyper s t hene  and 

a u g i t e  :

Metamorphi sm o f  t he s i l l s  i s  sugges t ed  by:  (1)  pi  a g i o -
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c l a s e  g r a i n s  w i t h  r e c r y s t a l 1 i z e d  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  to 

gr een amph i bo l e .

Hand-speci mens o f  p e g m a t i t e  c o n s i s t  o f  coarse g r a i n e d  

q u a r t z ,  f e l d s p a r  and some mu s c o v 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 te A n d é s i t e s

These a n d é 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 r s t h en e  ( 1 - 2%) ,  b a s a l t i c  ho r nb l ende  ( 0 - 2 %) ,

I sec onda r y  s i l i c a  and c a l c i t e  (0-1%)  and ground mass ( 35- 83%) .

I Phenoc r ys t s  o f  h y p e r s t h e n e  are commonly more abundan t

I t han a u q i t e .
I
j The p l a g i o c l a s e  o c c u r s  as u n o r i e n t e d  anhedr a l  t o

1 eu he d r a l  l a t h s  up t o  2 mm. l o n g .  L a r ge r  c r y s t a l s  ar e  g e n e r a l l y

I zoned,  p i t t e d  and have c o r r od e d  ma r g i ns .  S ma l l e r  c r y s t a l s  are
!
I commonly f r e s h  and a l b i t e ,  c a r l s b a d  and pe r i  c l i ne t w i n n e d .

I Comp o s i t i o n  o f  t he p h e n o c r y s t s  de t e r mi ned  by t h e  " M i c h e l - L e v y
j
I Method"  i s  An^^ ,  l a b r a d o r i t e .
I
j Anhedra l  t o  subhed r a l  a u g i t e ,  up t o 1.5 mm. i n  maximum
I '
; d i m e n s i o n ,  i s  l o c a l l y  seam- t w i nned  and r a r e l y  a l t e r e d .

Hyper s t hene i s  p l e o c h r o i c ,  i n  shades o f  l i g h t  green t o

p i n k ,  euhed r a l  t o anhed r a l  and up t o  0 . 5  mm. i n  maximum

d i me n s i o n .
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B a s a l t i c  ho r nb l end e  occu r s  as subhedr a l  e l o n g a t e d  c r y s t a l s  

up  t o  1 . 2 5  mm. l ong  and i s  r immed by ma g n e 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 t h e n e ,  

a u g i t e ,  p l a g i o c l a s e ,  anhedr a l  ma 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  Andés i t es

A u g i t e  and ho r nb l ende  are t he  most  abundant  p h e no c r y s t s  

in t hese a n d é s i t e s .  In t he uppermost  a n d é s i t e  f l ows  o f  t he  

map a r ea ,  ho r nb l ende  p h e n o c r y s t s  are n e a r l y  as abundant  as 

augi  t e .

These a n d é 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%) ,  hyp e r s t hen e  ( 1 - 3%) ,  b a s a l t i c  ho r nb l ende  (0 - 2%) ,  

ho r nb l ende ( 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 pe r i  c l i ne t w i n n e d .  L a r ge r  c r y s t a l s  are commonly 

zoned,  p i t t e d  and have c o r r od ed  b o u n d a r i e s .  Sma 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  ph en o c r y s t s  de t e r mi ned  

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

A u g i te  p h e n o c r y s t s  are commonly f r e s h ,  anhedra l  t o  sub

hedra l  and up t o  1.25 mm. i n  maximum d i mens i on .  Seam- twi nned 

phenoc r ys t s  are common.

Hornb l ende p h e n o c r y s t s  are f r e s h  to h i g h l y  a l t e r e d ,  

e l o n g a t e ,  subhedr a l  t o  euhedr a l  and up to 1.25 mm. l ong .

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 r een ,  some are
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seam-tv/ i  n n e d .

Hype r s t hene  appears  as s ub hed r a l  t o  anhedr a l  c r y s t a l s  of  

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

The gr ound 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 r n b l e n d e ,  anhedr a l  m a g n e t i t e  and c r y s t a l  1 i t e s  .

Eocene 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

Most  c l a s t s  i n  t he  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 é t r o g r a p h i e  d e s c r i p t i o n s  s i m i l a r  to t he  a n d é s i t e  

f l o ws  and d a c i t e  i n t r u s i o n s  o f  t he  map a r ea .  D a c i t e  c l a s t s  ar e  

r a r e .  Pr ecambr i an  c l a s t s  are v e r y  r a r e .  None were obs e r v e d  

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 ,  h y p e r s t h e n e , 

p l a g i o c l a s e ,  b a s a l t i c  h o r n b l e n d e ,  m a g n e t i t e ,  spar se  h o r n b l e n d e  

and sma l l  a n d é s i t e  and d a c i t e  p a r t i c l e s .  L o c a l l y ,  t he  m a t r i x  

i s  cemented by s i l i c a  and c a l 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 of  

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

b l e n d e ,  m a g n e t i t e ,  spar se  h o r n b l e nd e  and a n d é s i t e  and d a c i t e  

f r a g m e n t s .  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 . 

Cement a t i on  by s i l i c a  and c a l c i t e  i s . common.
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Eocene I n t r u s i o n s

A n d é s i t e  Di kes

In t he  s l i d e s  exami ned,  t he  d i k e s  had p é t r o g r a p h i e  

c h a r a c t e r i s t i c s  s i m i l a r  t o  t he  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 é s i t e  f l o ws  o f  t he  map a r ea .

A n d é 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  a u g i t e -  

ho r nb l  e n d e - h y p e r s t h e n e  a n d é s i t e  f l o w s  have s i m i l a r  p é t r o 

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

D a 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 p o s i t i o n  among t he d a c i t e  bod i es  

i n  t he map area sugges t s  t hey  are connec t ed at  de p t h .

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 r nb l end e  

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

(89-95%) .

The p l a g i o c l a s e  occu r s  as s ubhed r a l  t o  anhedra 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 o n g .  The l a r g e r  p h e n o c r y s t s  are 

-commonly a n h e d r a l ,  zoned,  p i t t e d ,  and c o r r oded  ar ound t he  

ma r g i ns .  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  t w i n n e d .  The c o m p o s i t i o n ,  de t e r mi ned  by t he  " M i c h e l -  

Levy Me t hod " ,  i s  An^-j t o  An^g*  an de s i n e .

Hornb l ende  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 to  3 . 0  mm. l o n g .  The h o r n b l e n d e  i s  commonly seam- t w i nned  

and r immed by anhedr a l  m a g n e t i t e .

B i o t i t e  occu r s  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 t o  

2 . 0  mm. i n  maximum d i me n s i o n .  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 I 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 t o  t he  Welded T u f f  Remnants

Phen oc r y s 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  

comp r i s e  1 t o  2 p e r c e n t  o f  t he  wel ded t u f f s -  B i o t i t e  pheno

c r y s t s  are s p a r s e .

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

1o c a l l y  abundant .

Vapor - phase m i n e r a l s  o c c u 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  bo t h  are t oo smal l  t o  be i d e n t i f i e d  by mi c r o s c o pe  

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 r a 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 v apor - 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 .
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Welded T u f f  Remnant  East  o f  Sheep Creek 

Zones De s c r i be d  f rom Bot tom to  Top

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

Shards ben t  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 ag men t s  sugges t  compr es s i o n .  Wel d i ng i s  no t  i n t e n s e  but  

undef ormed shards  are 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 ,  

sug ges 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  v ap o r - phase  m i n e r a l s  are e x h i b i t e d .

B l ack  Gl assy  Densel y  Welded Zone

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

de f ormed shards and f l a t t e n e d  pumice f r agmen t s  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 i n  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  v a p o r -

\ phase m i n e r a l s .

B l ack  Densel y  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 es

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 

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

d e s t r o y e 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  wh i ch  c u t  ac r oss  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 r s e r  i n  

pumice f r a gme n t s  t han s ha r ds .  D e v i t r i f i c a t i o n  f orms r a d i a l  

a g g r e g a t e s  o f  m i n e r a l s  i n  s p h e r u l i t e s  and l o c a l l 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  s ha r ds .

Pi nk  P a r t i a l l y  Welded Zone

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

d e v i t r i f i c a t i o n  and vapo r - 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 ,  t oo  smal l  t o  be i n d e n t i f i e d ,  are coarse i n  pumice 

f r a gme n t s  and s p h e r u l i t e s  and f i n e r  i n  s ha r ds .  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  t han  

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

Wel d i ng  i s  no t  as i n t e n s e  as i n  d e ns e l y  welded zones 

bu t  more i n t e n s e  t han  i n  t he  brown p a r t i a l l 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 n k  

p a r t i a l l y  we l ded zone o f  t he  remnant  e a s t  o f  Sheep Creek.

Welded T u f f  Remnant East  o f  Wigwam Creek

Shard s t r u c t u r e  i s  a l mos t  c o m p l e t e l y  d e 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 ,  shar ds  are def ormed and 

f l a t t e n e d .  Wel d i ng 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 ,  h y p e r s t h e n e  

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 r nb l ende  p h e n o c r y s t s )  

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

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

The r e f r a c t i v e  i nd ex  o f  t he  ash a t  t he base o f  t he  welded


