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PALYNOLOGY AND STRATIGRAPHY OF THE LOWER 

CRETACEOUS ROCKS OF NORTHERN WYOMING

INTRODUCTION

T h i s  s t u d y  was begun  i n  t h e  summer o f  1960 w i t h  t h e  

f o l l o w i n g  o b j e c t i v e s :

(1)  To d e s c r i b e  t h e  p a l y n o l o g i c a l  a s s e m b l a g e s  r e 

c o v e r e d  f rom  t h e  C l o v e r l y ,  M o r r i s o n ,  L a k o t a ,  T h e r m o p o l i s ,

F a l l  R i v e r ,  S k u l l  C r e e k ,  Muddy, and  N e w c a s t l e  F o r m a t i o n s  o f  

n o r t h e r n  Wyoming,

(2)  To a t t e m p t  a z o n a t i o n  and  c o r r e l a t i o n  o f  t h e  

Lower C r e t a c e o u s  s t r a t a  o f  n o r t h e r n  Wyoming by t h e  p a l y n o l o g i 

c a l  m e th o d .

(3)  To d e s c r i b e  t h e  p a l e o e c o l o g y  o f  t h e  m i c r o o r g a n 

i sm s  w h ic h  e x i s t e d  i n  t h e  a r e a  d u r i n g  Lower C r e t a c e o u s  t i m e .

(4)  To d e t e r m i n e  t h e  d e p o s i t i o n a l  e n v i r o n m e n t  o f  t h e  

l i t h o l o g i e  u n i t s  by an  a n a l y s i s  o f  t h e i r  p a ly n o m o rp h  c o n t e n t .

I n v e s t i g a t i o n  h a s  n o t  r e v e a l e d  any p a l y n o l o g i e  f o s 

s i l s  i n  t h e  M o r r i s o n ,  C l o v e r l y ,  and  L a k o ta  F o r m a t i o n s  o f  t h e

1



a r e a  w i t h  w h ich  t h i s  r e p o r t  i s  c o n c e r n e d .  T h i s  d i s s e r t a t i o n  

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

s e c t i o n  c o n s i s t i n g  o f  t h e  R u s ty  b e d s ,  T h e r m o p o l i s  S h a l e ,  and  

Muddy S a n d s to n e  i n  w e s t e r n  and  c e n t r a l  Wyoming and t h e  F a l l  

R i v e r ,  S k u l l  C r e e k ,  an d  N e w c a s t l e  F o r m a t i o n s  i n  t h e  B lack  

H i l l s  a r e a  o f  e a s t e r n  Wyoming.

P u b l i s h e d  w orks  d e a l i n g  w i t h  Lower C r e t a c e o u s  p a l y n o l -  

ogy a r e  few.  Lower C r e t a c e o u s  d e p o s i t s  i n  t h e  U. S. S. R. 

h a v e  b e e n  i n v e s t i g a t e d  by R u s s i a n  p a l y n o l o g i s t s  b u t  l i t t l e  o f  

t h e i r  work i s  a v a i l a b l e .  C o n s i d e r a b l e  work h a s  b ee n  done  i n  

A u s t r a l i a  and  i n  E u r o p e .  The o n l y  p u b l i s h e d  p a p e r  d e a l i n g  

w i t h  Lower C r e t a c e o u s  p a l y n o l o g y  i n  N o r th  A m er ic a  i s  a  s t u d y  

by Pocock  (1962)  o f  Upper  J u r a s s i c  and  Lower C r e t a c e o u s  s t r a t a  

f rom  w e s t e r n  Canada .  T h i s  i s  a c o m p r e h e n s iv e  p a p e r  b u t  i t  

t r e a t s  w i t h  o n l y  a l i m i t e d  a r e a  and  i t  i s  e v i d e n t  t h a t  much 

more work r e m a in s  t o  be done b e f o r e  a t h o r o u g h  know ledge  o f  

t h e  Lower C r e t a c e o u s  p a l y n o l o g y  o f  N o r th  A m e r ic a  w i l l  be 

a v a i l a b l e .
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STRATIGRAPHY

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

i n  t h i s  s t u d y  h a s  b e e n  sum m ar ized  by Waage (1959)  and  by 

R i c h e r  (1960)  . The t e r m i n o l o g y  a p p l i e d  t o  Lower C r e t a c e o u s  

r o c k s  i n  c e n t r a l  and  w e s t e r n  Wyoming d i f f e r s  somewhat  f rom 

t h a t  u s e d  i n  t h e  B la c k  H i l l s .  The t a b l e  on page  5 i s  a sum

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

S h e l l  Creek  S h a l e  

In  t h e  B ig  H orn  B a s i n ,  a w e l l - d e v e l o p e d  s e c t i o n  o f  

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

o c c u r s  b e t w e e n  t h e  t o p  o f  t h e  Muddy S a n d s t o n e  and t h e  b a s e  

o f  t h e  t y p i c a l  s i l i c e o u s  Mowry S h a l e .  The U. S. G e o l o g i c a l  

S u rv ey  r e g a r d s  t h i s  b l a c k  s h a l e  u n i t  a s  p a r t  o f  t h e  T h e r 

m o p o l i s  S h a l e  b u t  o t h e r  w o r k e r s  (Love ,  1956) h a v e  p l a c e d  t h e  

b a s e  o f  t h e  Mowry a t  t h e  t o p  o f  t h e  Muddy S a n d s t o n e .  R i c h e r  

(1960)  p r o p o s e d  t h e  name S h e l l  Creek  S h a l e  f o r  t h i s  b l a c k  

s h a l e  i n t e r v a l  and  recommended t h a t  i t  be r a i s e d  t o  f o r m a 

t i o n s !  r a n k .  As d e f i n e d  by R i c h e r ,  t h e  S h e l l  C reek  S h a l e

4



SUMMARY OF STRATIGRAPHIC TERMINOLOGY

T e to n  County  

Mowry S h a l e

Muddy S a n d s to n e

T h e r m o p o l i s  S h a l e

R u s ty  beds  a t  b a s e

C l o v e r l y  and  M o r r i s o n  
F o r m a t i o n s  U n d iv id e d

B ig  Horn B a s i n

Mowry S h a le

S h e l l  C reek  S h a l e

Muddy S a n d s to n e

T h e r m o p o l i s  S h a l e

R u s ty  beds  a t  b a s e

C l o v e r l y  and  M o r r i s o n  
F o r m a t i o n s  U n d iv id e d

B la c k  H i l l s

Mowry S h a l e

N e w c a s t l e  F o r m a t i o n

S k u l l  Creek  S h a le

F a l l  R i v e r  F o r m a t i o n

L a k o ta  F o r m a t i o n

M o r r i s o n  F o r m a t i o n



i n c l u d e s  t h e  s o f t ,  b l a c k ,  b e n t o n i t i c  s h a l e  b e tw e en  t h e  t o p  

o f  t h e  Muddy S a n d s to n e  and  t h e  b a s e  o f  t h e  h a r d ,  s i l i c e o u s  

Mowry S h a l e .  E i c h e r  named t h e  u n i t  f rom  e x p o s u r e s  a l o n g  

S h e l l  C reek  n e a r  G r e y b u l l ,  Wyoming. A c c o r d i n g  t o  E i c h e r ,  

t h e  S h e l l  C reek  S h a le  r a n g e s  f rom 200 t o  more t h a n  300 f e e t  

i n  t h i c k n e s s  i n  t h e  B ig  H orn  B a s i n  b u t  t h i n s  s o u t h e a s t w a r d .

In  t h e  B la c k  H i l l s  t h e  S h e l l  Creek  S h a l e  i s  a p p a r e n t l y  

e q u i v a l e n t  t o  a  t h i n  b l a c k  s h a l e  u n i t  b e tw e e n  t h e  N e w c a s t l e  

F o r m a t i o n  and t h e  o v e r l y i n g  s i l i c e o u s  Mowry S h a l e .  T h i s  

t h i n  s h a l e  u n i t  was a t  one  t i m e  d e s i g n a t e d  as  t h e  N e f s y  

s h a l e  b u t  t h i s  name h a s  b e e n  d i s c a r d e d .

E i c h e r ' s  r e c o m m e n d a t io n  i s  f o l l o w e d  i n  t h i s  p a p e r  

and  t h e  S h e l l  C reek  S h a le  i s  r e g a r d e d  a s  a  u n i t  o f  f o r m a t i o n a l  

r a n k .  The lo w e r  80 f e e t  o f  t h e  S h e l l  C reek  S h a l e  was s a m p le d  

a t  t h e  B ig  H orn  County  s a m p le  l o c a l i t y .

Muddy S a n d s to n e

The Muddy S a n d s to n e  i s  a h i g h l y  v a r i a b l e  u n i t  c o n 

s i s t i n g  o f  s a n d s t o n e ,  s i l t s t o n e ,  s h a l e ,  and  b e n t o n i t e .  At 

t h e  T e to n  County  s am p le  l o c a l i t y  t h e  Muddy S a n d s to n e  i s  6-5 

f e e t  t h i c k  and  c o n s i s t s  o f  two s a n d s t o n e  u n i t s  s e p a r a t e d  by 

20 f e e t  o f  s i l t s t o n e .  A p p r o x i m a t e l y  one  m i l e  t o  t h e  n o r t h 

w e s t  t h e  Muddy F o r m a t i o n  c o n s i s t s  o f  ,50 f e e t  o f  m a s s i v e



s a n d s t o n e  c o n t a i n i n g  a few c l a y s t o n e  l e n s e s  a t  t h e  b a s e .  In  

t h e  B ig  Horn  B a s i n ,  t h e  Muddy S a n d s t o n e  i s  36 f e e t  t h i c k  a t  

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

A c c o r d i n g  t o  E i c h e r  (1960)  t h e  Muddy i s  v a r i a b l e  b o t h  i n  

t h i c k n e s s  and l i t h o l o g y  i n  t h e  s o u t h e r n  p a r t  o f  t h e  B ig  Horn 

B a s i n  and may l a c k  p r o m i n e n t  s a n d s t o n e  b e d s .

The Muddy S a n d s to n e  h a s  n e v e r  b e e n  f o r m a l l y  r e c o g 

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

n a t e d .  The name i s  f i r m l y  e s t a b l i s h e d  i n  t h e  l i t e r a t u r e ,  

h o w e v e r ,  and  t h e  Muddy a p p e a r s  t o  be p e r s i s t e n t  o v e r  l a r g e  

a r e a s ,  p a r t i c u l a r l y  i n  t h e  Big Horn  B a s i n .  In  s p i t e  o f  i t s  

l a c k  o f  f o r m a l  r e c o g n i t i o n ,  t h e  Muddy S a n d s to n e  i s  h e r e i n  

r e g a r d e d  a s  a  u n i t  o f  f o r m a t i o n a l  r a n k .

T h e r m o p o l i s  S h a l e

The T h e r m o p o l i s  S h a l e  was o r i g i n a l l y  d e s c r i b e d  by 

L u p to n  (1916)  f rom e x p o s u r e s  n e a r  t h e  town o f  T h e r m o p o l i s ,  

Wyoming. As d e f i n e d  i n  t h i s  p a p e r ,  t h e  T h e r ro o p o l i s  S h a l e  i n 

c l u d e s  o n l y  t h e  loWer p a r t  o f  L u p t o n ' s  s e c t i o n .  S p e c i f i c a l l y ,  

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

tw een  t h e  b a s e  o f  t h e  Muddy S a n d s t o n e  and  t h e  t o p  o f  t h e  

C l o v e r l y  F o r m a t i o n .  The T h e r m o p o l i s  c o n s i s t s  o f  a t h i c k  s e 

q u e n c e  o f  b l a c k  s h a l e  c o n t a i n i n g  o c c a s i o n a l  t h i n  s i l t s t o n e
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beds  and  g r a d i n g  downward i n t o  a  s e q u e n c e  o f  s i l t s t o n e ,  

s a n d s t o n e ,  and  s h a l e  b ed s  a t  t h e  b a s e .  T h i s  b a s a l  f a c i e s  i s  

commonly c a l l e d  t h e  r u s t y  beds  and w e a t h e r s  t o  a  r u s t y  brown 

c o l o r ,  a t  many p l a c e s  f o r m i n g  p r o m i n e n t  c l i f f s .  Some w o r k e r s  

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

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

The r u s t y  beds  a r e  composed o f  i n t e r b e d d e d  s a n d s t o n e s ,  

s i l t s t o n e s ,  an d  s h a l e s .  F u c o i d a l  m a r k in g s  a r e  common and t h e  

beds  a r e  t h i n  an d  l e n t i c u l a r .  At  t h e  Hot  S p r i n g s  s a m p le  l o 

c a l i t y  t h e  r u s t y  beds  a r e  106 f e e t  t h i c k .  I n  T e to n  Coun ty  

t h e y  form a  p r o m i n e n t  c l i f f  and  w e re  m e a s u re d  a s  103 f e e t  

t h i c k .  The r u s t y  beds  g r a d e  upw ard  i n t o  a b l a c k  s h a l e  s e 

q u e n c e  180 f e e t  t h i c k  a t  t h e  T e to n  County  l o c a l i t y  an d  170 

f e e t  t h i c k  i n  Hot S p r i n g s  Coun ty .

C l o v e r l y  and  M o r r i s o n  F o r m a t i o n s

U n d e r l y i n g  t h e  T h e r ro o p o l i s  S h a l e  i n  c e n t r a l  a n d  w e s t 

e r n  Wyoming i s  a t h i c k  s e q u e n c e  o f  n o n - m a r i n e  Lower C r e t a 

c e o u s  and  Upper  J u r a s s i c  s t r a t a  c o n s i s t i n g  o f  s a n d s t o n e s ,  

v a r i e g a t e d  c l a y s t o n e s ,  and o c c a s i o n a l  m a r l s  and  l i m e s t o n e s .

No r e l i a b l e  c r i t e r i a  e x i s t  f o r  t h e  s u b d i v i s i o n  o f  t h i s  s e 

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

M o r r i s o n  F o r m a t i o n s  u n d i v i d e d .



The C l o v e r l y  F o r m a t i o n  was named by D a r to n  i n  1904 

f rom  e x p o s u r e s  i n  t h e  n o r t h e a s t e r n  p a r t  o f  t h e  Big Horn B a s i n  

b u t  a c c o r d i n g  t o  Burk (1957)  " t h e  t y p i c a l  C l o v e r l y  F o r m a t i o n  

c a n  be r e c o g n i z e d  w i t h  c e r t a i n t y  o n l y  i n  a v e r y  l i m i t e d  a r e a  

a t  t h e  e a s t e r n  edge o f  t h e  Big  Horn B a s i n . "

The M o r r i s o n  F o r m a t i o n  was named by E l d r i d g e  i n  1896 

f rom  e x p o s u r e s  n e a r  t h e  town o f  M o r r i s o n ,  C o l o r a d o .  In  t h e  

B l a c k  H i l l s  a r e a  t h e  M o r r i s o n  i s  r e c o g n i z a b l e  as  a d i s t i n c t  

f o r m a t i o n .

No p a l y n o l o g i c a l  f o s s i l s  w e re  r e c o v e r e d  from C l o v e r l y  

o r  M o r r i s o n  s a m p l e s .

N e w c a s t l e  F o r m a t i o n

The N e w c a s t l e  F o r m a t i o n  c o n s i s t s  o f  s a n d s t o n e ,  s i l t 

s t o n e ,  s h a l e s ,  and o c c a s i o n a l  b e n t o n i t e s  and  l i g n i t e s .  The 

N e w c a s t l e  c r o p s  o u t  i n  a b e l t  a r o u n d  t h e  B la ck  H i l l s  and  i s  

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

a n d  w e s t e r n  Wyoming.

The N e w c a s t l e  F o r m a t i o n  was s a m p le d  n e a r  N e w c a s t l e ,  

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

s t o n e s  and  s h a l e s .
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S k u l l  Creek  S h a le

The S k u l l  Creek  S h a l e  was named by C o l l i e r  i n  1922 

f rom  e x p o s u r e s  a r o u n d  S k u l l  C reek  s o u t h e a s t  o f  O s a g e ,  Wyoming. 

The S k u l l  Creek  u n d e r l i e s  t h e  N e w c a s t l e  F o r m a t i o n  and  c r o p s  

o u t  i n  a  b e l t  a r o u n d  t h e  B la c k  H i l l s .  The f o r m a t i o n  r a n g e s  

i n  t h i c k n e s s  f rom a p p r o x i m a t e l y  110 f e e t  t o  n e a r l y  220 f e e t .  

The S k u l l  Creek  i s  composed o f  s o f t  b l a c k  s h a l e  w i t h  a few 

t h i n  s a n d s t o n e  beds  i n  t h e  lo w e r  p a r t .

The S k u l l  Creek  o c c u p i e s  t h e  same s t r a t i g r a p h i e  p o s i 

t i o n  i n  t h e  B la c k  H i l l s  a r e a  a s  d o es  t h e  T h e r m o p o l i s  S h a le

i n  c e n t r a l  and  w e s t e r n  Wyoming b u t  i t  i s  e x t r e m e l y  d o u b t f u l  

t h a t  t h e  two f o r m a t i o n s  a r e  s t r i c t  t im e  c o r r e l a t i v e s .  The 

p r e s e n t  s t u d y  s u g g e s t s  t h a t  t h e  S k u l l  C reek  i n  t h e  s am pled  

a r e a  a r o u n d  N e w c a s t l e ,  Wyoming, c o r r e l a t e s  o n l y  w i t h  t h e  

u p p e r  p a r t  o f  t h e  T h e r m o p o l i s  i n  t h e  c e n t r a l  p a r t  o f  t h e  S ta te .

F a l l  R i v e r  F o r m a t i o n

The F a l l  R i v e r  F o r m a t i o n  was d e s c r i b e d  by R u s s e l l  i n

1928 f rom  e x p o s u r e s  i n  a q u a r r y  on F a l l  R i v e r  n e a r  Hot

S p r i n g s ,  S o u th  D a k o ta .  The F a l l  R i v e r  fo rm s  t h e  u p p e r  p a r t  

o f  w h a t  h a s  been  t e r m e d  t h e  In y a n  K ara  g r o u p  i n  t h e  B lack  

H i l l s .  A c c o r d i n g  t o  Waage (1959)  t h e  b a s a l  c o n t a c t  o f  t h e  

F a l l  R i v e r  w i t h  t h e  u n d e r l y i n g  L a k o ta  F o r m a t i o n  i s  s h a r p l y
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m arked  by a  t r a n s g r e s s i v e  d i s c o n f o r m i t y . The u p p e r  c o n t a c t  

w i t h  t h e  S k u l l  C reek  S h a l e  i s  n o r m a l l y  q u i t e  g r a d a t i o n a l .

The F a l l  R i v e r  i s  composed p r e d o m i n a n t l y  o f  s a n d s t o n e  

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

The f o r m a t i o n  r a n g e s  f rom  110 t o  160 f e e t  i n  t h i c k n e s s .  The 

m e a s u re d  t h i c k n e s s  o f  t h e  F a l l  R i v e r  a t  t h e  s a m p le d  l o c a l i t y  

i n  W eston  Coun ty  i s  142 f e e t .

L a k o ta  F o r m a t i o n

The L a k o ta  F o r m a t i o n  form s  t h e  b a s a l  u n i t  o f  t h e  

In y a n  K ara  g r o u p  i n  t h e  B la c k  H i l l s  a s  d e f i n e d  by Waage 

( 1 9 5 9 ) .  The L a k o ta  i s  somewhat v a r i a b l e  i n  t h i c k n e s s  and 

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

a r e  common, and  l o c a l  c o n g l o m e r a t e s  may be p r e s e n t .  In  t h e  

e a s t e r n  B la c k  H i l l s ,  t h e  L a k o ta  c o n t a i n s  a c o a l - b e a r i n g  

s e q u e n c e .



COLLECTIONS

D u r i n g  t h e  summers o f  1960 and  1961 c o l l e c t i o n s  w ere  

made and  s e c t i o n s  m e a s u re d  o f  Lower C r e t a c e o u s  r o c k s  i n  

W e s to n ,  C ro o k ,  Hot S p r i n g s ,  B ig  H o rn ,  an d  T e to n  C o u n t i e s  i n  

n o r t h e r n  Wyoming. The Muddy S a n d s t o n e ,  T h e r m o p o l i s  S h a l e ,  

R u s ty  b e d s ,  and  C l o v e r l y - M o r r i s o n  u n d i v i d e d  F o r m a t i o n s  were  

s a m p le d  i n  T e to n  C o u n ty .  In  Big  Horn  C o u n ty ,  c o l l e c t i o n s  

w e r e  made o f  t h e  l o w e r  S h e l l  C reek  S h a l e ,  t h e  Muddy S a n d s t o n e ,  

and  t h e  T h e r m o p o l i s  S h a l e .  The lo w e r  T h e r m o p o l i s  S h a l e ,  t h e  

R u s ty  b e d s ,  an d  p a r t  o f  t h e  u p p e r  C l o v e r l y  F o r m a t i o n  w ere  

s a m p le d  i n  Hot S p r i n g s  C o u n ty .  In  W es ton  C o u n ty ,  c o l l e c t i o n s  

w e r e  made o f  t h e  N e w c a s t l e  F o r m a t i o n ,  t h e  S k u l l  C reek  S h a l e ,  

and  t h e  F a l l  R i v e r  F o r m a t i o n .  The L a k o t a  and  M o r r i s o n  Forma

t i o n s  w e re  s a m p le d  i n  Crook C oun ty .

The s a m p le  l o c a l i t i e s  a r e  shown i n  F i g u r e  1. Sample 

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

c o lu m n a r  s e c t i o n s  i n  F i g u r e  2 .

Sam ples  w e re  c o l l e c t e d  a t  e a c h  l o c a l i t y  a s  s eg m e n ts  

o f  a  c h a n n e l .  Each g r o u p  o f  s egm en t  s a m p l e s  i n  a  p a r t i c u l a r

12
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c h a n n e l  was a s s i g n e d  an  OPC number  (Oklahoma P a l y n o l o g i c a l  

C o l l e c t i o n ) .  I n d i v i d u a l  s e g m e n t  s a m p le s  i n  a  c h a n n e l  w ere  

d e s i g n a t e d  A, B, C , e t c ,  f rom  t h e  b a s e  o f  t h e  c h a n n e l  upward .

The f o l l o w i n g  p a g e s  p r e s e n t  a l i s t i n g  o f  t h e  s a m p le s  

t a k e n  a t  e a c h  l o c a l i t y ,  t h e i r  t h i c k n e s s ,  p o s i t i o n  i n  t h e  

s e c t i o n ,  and  a  b r i e f  l i t h o l o g i c a l  d e s c r i p t i o n .  M easu rem en ts  

w e re  made w i t h  a  h and  l e v e l  an d  B r u n to n  com pass .  Samples  

w h ich  w e re  b a r r e n  o f  p a l y n o l o g i c a l  f o s s i l s  a r e  so  n o t e d .  The 

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

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

t h e  Oklahoma G e o l o g i c a l  S u rv e y .
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T e to n  Coun ty  S e c t i o n

E x p o s u r e  i n  a  r i d g e  t o  t h e  w e s t  o f  H o r s e t a i l  C r e e k ,  W% S ec .  

3 3 ,  T. 43 N . , R. 114 W . , T e to n  C o . ,  Wyoming.

T h i c k n e s s

Sam ples  i n  f e e t

Muddy S a n d s t o n e

S a n d s t o n e ,  c r o s s - b e d d e d ,  f i n e - g r a i n e d ,  m a s s i v e ,

s a l t  and  p e p p e r  t y p e ,  n o t  c o l l e c t e d  1 0 .2

OPC 8 4 IB S i l t s t o n e ,  g r a y ,  and  s h a l e ,  g r a y ,

s a n d y ,  p o o r l y  e x p o s e d .  1 5 .4

C o v e re d  5 . 0

OPC 8 4 lA S a n d s t o n e ,  s a l t  an d  p e p p e r  t y p e ,  

c r o s s - b e d d e d , m a s s i v e  a t  b a s e ,  

becom ing  t h i n n e r - b e d d e d  to w a r d s  

t o p .  Sample b a r r e n .  1 4 .0

T o t a l  Muddy S a n d s t o n e  4 4 . 6

S e c t i o n  o f f s e t  t o  r i d g e  on n o r t h  s i d e  o f  w e s t  end o f  Tower 

S l i d e  L a k e ,  SW% Sec .  33 ,  T. 43 N . , R . 114 W . , T e to n  C o . ,  

Wyoming.

T h e r m o p o l i s  S h a l e

C o v e re d  5 . 0

OPC 840E S h a l e ,  d a r k - g r a y  t o  b l a c k ,  b l o c k y .  1 0 .0



16
C o v e re d  6 . 0

OPC 840D S h a l e ,  d a r k  g r a y  t o  b l a c k ,  b lo c k y  1 0 .4

OPC 840C S h a l e ,  g r a y  to  b l a c k ,  b l o c k y ,

g r a d i n g  downward f rom  t o p  o f  sam ple  

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

s i l t s t o n e  i n  l o w e r  h a l f  o f  s am ple  

i n t e r v a l ,  2 0 , 8

C o v e re d  3 . 0

OPC 840B S i l t s t o n e ,  g r a y  t o  b l a c k ,  b r o w n i s h

l a m i n a e ,  s an d y  2 0 . 8

OPC 840A S h a l e ,  d a r k  g r a y  t o  b l a c k ,  and

s i l t s t o n e ,  s a n d y ;  r a r e  i r o n s t o n e  

beds  p r e s e n t .  2 0 . 8

C o v e re d  2 8 . 8

S e c t i o n  o f f s e t  a p p r o x i m a t e l y  one m i l e  e a s t  t o  SW% SE% s e c .  

34 ,  T. 43 N , R. 114 W ., T e to n  C o . ,  Wyoming.

OPC 644c S h a l e ,  b l a c k ,  f i s s i l e ,  15.0

OPC 6 4 4 b S h a l e ,  b l a c k ,  f i s s i l e ,  s i l t s t o n e

beds  p r e s e n t  a t  t o p  and  b a s e  o f  

s a m p le  i n t e r v a l .  2 6 ,0

OPC 644A S h a l e ,  b l a c k ,  f i s s i l e ,  and  s i l t s t o n e ,

d a r k  g r a y . 1 3 .0

T o t a l  T h e r m o p o l i s  S h a l e  1 8 0 .0
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R u s ty  beds

OPC 643D S i l t s t o n e ,  l i g h t - g r a y ,  l a m i n a t e d ,

and s a n d s t o n e ,  l i g h t - g r a y  to  brown,  

t h i n - b e d d e d , 2 0 . 0

OPC 643C S i l t s t o n e ,  l i g h t - g r a y ,  l a m i n a t e d ,  

and  s a n d s t o n e ,  l i g h t  g r a y  to  t a n ,  

t h i n - b e d d e d ,  s h a l e  p a r t i n g s  p r e s e n t ,  

f u c o i d a l  m a r k in g s  common. 2 2 . 5

OPC 643B S h a l e ,  b l a c k ,  f i s s i l e ,  and  s i l t s t o n e ,  

d a r k - g r a y  t o  t a n ;  t h r e e  f e e t  t h i c k ,  

c r o s s - b e d d e d  s a n d s t o n e  p r e s e n t  a t  

t o p  o f  s a m p le  i n t e r v a l .  23 5

OPC 643A S h a l e ,  b l a c k ,  f i s s i l e ,  c l a y e y ,  and 

s i l t s t o n e ,  l i g h t - g r a y ,  r a r e  s a n d 

s t o n e  p r e s e n t .  22 5

C overed  14. 5

T o t a l  R u s ty  beds  1 0 3 .0

A p p r o x i m a te ly  600 f e e t  o f  C l o v e r l y - M o r r i s o n  u n d i v i d e d  

was c o l l e c t e d  a t  t h i s  l o c a l i t y .  A l l  s a m p le s  p ro v e d  t o  be 

b a r r e n  o f  f o s s i l s ,  h o w e v e r ,  and th e y  h a v e  n o t  been  t a b u l a t e d .
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Big Horn Coun ty  S e c t i o n

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

r o a d s ,  a b o u t  5 m i l e s  n o r t h e a s t  o f  G r e y b u l l ,  Wyoming. NE% 

S ec .  36 ,  T. 53 N , , R. 93 W . , Big H orn  C o . ,  Wyoming.

T h i c k n e s s

Samples  i n  f e e t

S h e l l  C reek  S h a l e  ( l o w e r  80 f e e t )

OPC 839E S h a l e ,  d a r k - g r a y  t o  b l a c k ,  f i s s i l e ,

t w o - f o o t  t h i c k  b e n t o n i t e  bed  p r e s e n t  

one f o o t  ab o v e  b a s e  o f  s a m p l e .  1 5 .6

C overed  5 .2

OPC 839D S h a l e ,  d a r k - g r a y  t o  b l a c k ,  f i s s i l e  2 0 . 8

OPC 839C S h a l e ,  d a r k - g r a y ,  f i s s i l e ,  and

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

o f  s am ple  i n t e r v a l .  2 0 . 8

OPC 839B S h a l e ,  d a r k - g r a y  t o  b l a c k ,  f i s s i l e ,

s i x - i n c h  t h i c k  b e n t o n i t e  bed  a t  

b a s e  o f  s am p le  i n t e r v a l .  2 0 . 8

OPC 839A S h a l e ,  b l a c k ,  l i g n i t i c ,  g r a d e s  u p 

w ard  f rom b a s e  o f  s a m p le  i n t o  g r a y  

t o  b l a c k ,  c a r b o n a c e o u s  s i l t s t o n e ,  

u p p e r  p a r t  o f  s a m p le  i n t e r v a l  i s
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composed o f  d a r k  g r a y  t o  b l a c k ,  - ■

f i s s i l e  s h a l e ;  t h i n ,  l i g h t  g r a y ,  

l a m i n a t e d  b e n t o n i t e  p r e s e n t  5 f e e t  

a b o v e  b a s e  o f  s am p le  i n t e r v a l .

Sample  b a r r e n .  7 .2

Muddy S a n d s t o n e

OPC 838E S a n d s t o n e ,  t a n ,  f r i a b l e ,  c o a r s e 

g r a i n e d ,  s a n d y  l i g n i t e  p r e s e n t  i n  

t o p  h a l f  o f  s a m p le .  Sample  b a r r e n .  0 , 9

OPC 838D L i g n i t e ,  b l a c k ,  s a n d y ,  w e a t h e r s  t o

a  powdery  d u s t .  Sample b a r r e n .  1 .2

OPC 838C S a n d s t o n e ,  l i g h t - g r a y  t o  l i g h t -

b row n ,  p o o r l y  i n d u r a t e d ;  c o n t o r t e d ,  

l i g n i t i c  l a m i n a e  p r e s e n t  i n  t o p  2 

f e e t .  Sample b a r r e n .  5 . 3

S a n d s t o n e ,  s a l t  and p e p p e r  t y p e ,  m a s s i v e ,

p o o r l y  i n d u r a t e d .  Not c o l l e c t e d  1 7 .5

OPC 838B H a l f - i n c h  t h i c k  l e n s  o f  b l a c k  s h a l e  

2 . 8  f e e t  a b o v e  b a s e  o f  t h e  Muddy.

OPC 838A S a n d s t o n e ,  s a l t  and  p e p p e r ,  p o o r l y

i n d u r a t e d ,  m a s s i v e ,  b e d d i n g  i r r e g u l a r .

Sample  b a r r e n .  1 1 .5

T o t a l  Muddy S a n d s to n e  3 6 . 4
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S e c t i o n  o f f s e t  a b o u t  one  m i l e  t o  t h e  n o r t h ,  e x p o s u r e  i n  a  

c l i f f  on  e a s t  s i d e  o f  b e n t o n i t e  r o a d ,  NE% S e c .  2 4 ,  T. 53 N. ,  

R. 93 W . , Big  Horn C o . ,  Wyoming.

T h e r m o p o l i s  S h a le

OPC 837H S h a l e ,  d a r k - g r a y ,  b l o c k y ,  and  s i l t 

s t o n e ,  l i g h t - g r a y  t o  t a n ,  s a n d y .  1 6 .2

OPC 837G S h a l e ,  d a r k - g r a y  t o  b l a c k ,  b l o c k y ,

d e e p l y  w e a t h e r e d .  14.6

OPC 837F S h a l e ,  d a r k - g r a y  t o  b l a c k ,  b l o c k y ,  

many l a m i n a e  s t a i n e d  y e l l o w ,  gypsum 

c r y s t a l s  p r e s e n t .  2 1 . 0

OPC 837E S h a l e ,  g r a y  t o  b l a c k ,  f i s s i l e ,

many l a m i n a e  s t a i n e d  y e l l o w ,  r a r e ,  

r u s t - c o l o r e d  i r o n s t o n e  b e d s  p r e s e n t ,  

lo w e r  6 f e e t  o f  s a m p le  i n t e r v a l  

d e e p l y  w e a t h e r e d  2 2 , 6

OPC 837D S h a l e ,  g r a y  t o  b l a c k ,  f i s s i l e ,  r a r e

b r o w n i s h  s a n d s t o n e  p a r t i n g s  p r e s e n t .  2 5 . 0

S h a l e ,  d a r k - g r a y  t o  b l a c k ,  f i s s i l e ,  d e e p l y -

w e a t h e r e d ,  n o t  c o l l e c t e d .  2 0

S a n d s t o n e ,  f i n e - g r a i n e d ,  d a r k - g r a y  t o  b rown,  

w e l l - i n d u r a t e d , i r o n - i m p r e g n a t e d , 

b e n c h - f o r m e r ,  n o t  c o l l e c t e d .  3 . 0
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OPC 837C S h a l e ,  b l a c k  t o  d a r k - g r a y ,  f i s s i l e ,  

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

t a n  s a n d s t o n e  p r e s e n t ,  t h i n  i r o n 

s t o n e  bed  a t  b a s e  o f  s am p le  i n t e r v a l .  9 . 5

S h a l e ,  g r a y  t o  b l a c k ,  f i s s i l e ,  d e e p l y - w e a t h e r e d ;

2 - f o o t  t h i c k ,  b e n c h - f o r m i n g , t a n ,  v e ry  

f i n e - g r a i n e d ,  w e l 1 - i n d u r a t e d  s a n d 

s t o n e  p r e s e n t  a t  b a s e  o f  i n t e r v a l .

Not c o l l e c t e d ,  6 . 7

S e c t i o n  o f f s e t  a b o u t  % m i l e  s o u t h  t o  S% Sec .  24 ,  T. 53 N . , 

R. 93 W . , B ig  Horn  Co , Wyoming,

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

w e a t h e r e d ,  n o t  c o l l e c t e d .  9 . 0

OPC 837B S h a l e ,  g r a y  t o  b l a c k ,  f i s s i l e ,  and 

s i l t s t o n e ,  g r a y ,  p r e s e n t  i n  lo w er  

t h i r d  o f  s a m p le  i n t e r v a l .  19 .0

OPC 837A S i l t s t o n e ,  g r a y  t o  b l a c k ,  l a m i n a t e d ,  

l a m in a e  c o n t o r t e d ,  and  s h a l e ,  g r a y  

t o  b l a c k ;  m i d d l e  t h i r d  o f  s am ple  i s  

p r e d o m i n a n t l y  s h a l e ,  a few o n e - i n c h  

t h i c k  beds  o f  brown t o  y e l l o w  s a n d 

s t o n e  p r e s e n t ,  2 4 . 8

C overed  ( a p p r o x i m a t e l y )  5 0 .0

T o t a l  T h e rm o p o l i s  S h a l e  2 2 3 .2
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Hot S p r i n g s  County  S e c t i o n

E x p o s u r e  i n  r o a d c u t  on h ig h w a y  20 a b o u t  4 m i l e s  n o r t h  o f  

T h e r m o p o l i s ,  Wyoming. #7% Sec .  19 ,  T. 43 N . , R. 94 W . , Hot  

S p r i n g s  C o . ,  Wyoming.

T h i c k n e s s

Samples  i n  f e e t

T h e r m o p o l i s  S h a l e  ( l o w e r  p a r t ) .  The T h e r m o p o l i s  S h a l e ,  e x 

c l u s i v e  o f  t h e  R u s ty  b e d s ,  was m e a s u re d  a t  t h i s  l o c a l i t y  a s  

170 f e e t  t h i c k ;  o n l y  t h e  lo w e r m o s t  p o r t i o n  was w e l l  enough 

e x p o s e d  t o  c o l l e c t .

OPC 836C S h a l e ,  b l a c k  t o  g r a y ,  and  s i l t s t o n e ,  

g r a y .  D e e p ly  w e a t h e r e d ,  s am p le  

b a r r e n .  6 . 0

OPC 836B S h a l e ,  b l a c k ,  and  s i l t s t o n e ,  g r a y  t o

b l a c k ,  d e e p l y  w e a t h e r e d .  8 . 7

OPC 836A S h a l e ,  b l a c k ,  f i s s i l e ,  and s i l t s t o n e ,  

g r a y ,  some t a n  s a n d s t o n e  i n t e r b e d d e d  

w i t h  t h e  s h a l e .  6 . 5

R u s ty  beds

OPC 835H S h a l e ,  b l a c k ,  f i s s i l e ,  and  s i l t s t o n e ,  

g r a y ,  h a r d ,  a  f o u r - i n c h - t h i c k  i r o n 

s t o n e  bed c a p s  t h i s  s a m p le  i n t e r v a l .  1 1 .6
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OPC 835G S h a l e ,  b l a c k ,  and  s i l t s t o n e ,  g r a y ,  

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

bed  p r e s e n t  a t  b a s e  o f  s a m p l e .  1 0 .0

CFG 835F S i l t s t o n e ,  g r a y ,  and  s a n d s t o n e ,

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

t e r b e d d e d  b l a c k  s h a l e .  1 4 .7

OPC 835E S i l t s t o n e ,  g r a y ,  h a r d ,  i n t e r b e d d e d  

w i t h  t h i n  s a n d s t o n e s  and  f i s s i l e ,  

g r a y  t o  b l a c k  s h a l e .  2 1 . 0

OPC 835D S i l t s t o n e ,  g r a y ,  i n d u r a t e d ,  and 

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

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

m a r k in g s  common on b e d d i n g  s u r 

f a c e s ;  s i x - i n c h - t h i c k  i r o n s t o n e  bed 

fo rm s  t h e  t o p  o f  t h i s  s a m p l e .  12 .2

OPC 835C S i l t s t o n e ,  g r a y ,  i n d u r a t e d ,  i n t e r 

b ed d ed  w i t h  t h i n  s a n d s t o n e s ,

l a m in a e  o f  b l a c k  s h a l e  p r e s e n t .  1 8 .9

OPC 835B C l a y s t o n e ,  b l o c k y ,  l i g h t - g r e e n  a t  

b a s e ,  g r a d i n g  i n t o  p u r p l e  and g r a y  

a t  t o p .  Sample b a r r e n .  8 . 5

OPC 835A S i l t s t o n e ,  g r a y ,  h a r d ,  and  s h a l e ,  

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

i n t e r b e d d e d  s a n d s t o n e  p r e s e n t ,  9 . 4

T o t a l  R u s t y  b ed s  1 0 6 ,3

C l o v e r l y  F o r m a t i o n  ( i n  p a r t )

OPC 834c C l a y s t o n e ,  r e d ,  g r e e n ,  and  g r a y ,

p r e s e n t  i n  u p p e r  2 f e e t  o f  s a m p l e ,  

b a s a l  7 f e e t  o f  s a m p le  i n t e r v a l  

composed o f  t a n ,  t h i c k - b e d d e d ,  

c r o s s - b e d d e d ,  s a n d s t o n e .  Sample 

b a r r e n ,  9 , 0

OPC 834b C l a y s t o n e ,  r e d ,  g r e e n ,  g r a y ,  and

p u r p l e ,  h a r d ,  c a l c a r e o u s  i n  z o n e s .

Sample b a r r e n ,  1 0 .1

S a n d s t o n e ,  t a n ,  t h i c k - b e d d e d  a t  t o p ,  becoming 

l e s s  t h i c k l y - b e d d e d  t o w a r d s  b a s e .

Not c o l l e c t e d ,  6 , 5

OPC 834A C l a y s t o n e ,  l i g h t - g r a y ,  c a l c a r e o u s .

Sample b a r r e n ,  5 , 5
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Weston County S e c t i o n

E x p o s u re  i n  r o a d c u t  on h ighw ay  85,  a b o u t  % m i l e  n o r t h  o f  

N e w c a s t l e ,  Wyoming. NW% S ec .  28 ,  T.. 45 N. , R. 61 W. , Weston 

C o . ,  Wyoming.

T h i c k n e s s

Samples  i n  f e e t

N e w c a s t l e  F o r m a t i o n

S a n d s t o n e ,  t a n ,  n o t  c o l l e c t e d .  3 . 0

OPC 637K S h a l e ,  v e r y  l i g h t - g r a y ,  b e n t o n i t i c ,

becomes s an d y  to w a r d s  t o p .  Sample 

b a r r e n .  9 . 4

OPC 6 3 7 J  S h a l e ,  g r a y  t o  b l a c k ,  and  s a n d s t o n e ,

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

and san d y  a t  b a s e  o f  s a m p l e ,  i s  

l i g n i t i c  i n  m id d le  and t o p  o f  s a m p le .  6 . 4

OPC 6371  S a n d s t o n e ,  b r o w n i s h  y e l l o w  a t  b a s e ,

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

n e a r  b a s e ,  s a m p le  b a r r e n .  5 . 3

OPC 637H S h a l e ,  b l a c k ,  l i g n i t i c  a t  b a s e ,

becom ing  g r a y  and  s an d y  a t  t o p ;  

o n e - i n c h - t h i c k  b e n t o n i t e  bed p r e s e n t  

i n  m i d d l e  o f  s am p le  i n t e r v a l .  3 . 5
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OPC 637G S a n d s t o n e ,  c a r b o n a c e o u s ,  brown and

f r i a b l e  a t  b a s e ,  becom ing  g r a y  and 

m a s s i v e  a t  t o p .  Sample b a r r e n .  4 . 3

OPC 637F S h a l e ,  b l a c k ,  b l o c k y ,  s a m p le  b a r r e n .  2 . 5

OPC 637E S a n d s t o n e ,  y e l l o w  brown a t  b a s e ,

becom ing  g r a y  a t  t o p ,  c a r b o n a c e o u s  

a t  b a s e ,  s a m p le  b a r r e n .  1 3 .0

OPC 637D S h a l e ,  b l a c k ,  b l o c k y ,  becom ing

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

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

s t o n e  p r e s e n t  n e a r  t o p .  6 . 4

OPC. 6 37C S a n d s t o n e ,  g r a y ,  c a r b o n a c e o u s .  2 . 4

OPC 637B S h a l e ,  b l a c k ,  b l o c k y ,  s a n d y  n e a r

m i d d l e  o f  s a m p le  i n t e r v a l ,  s a m p le  

b a r r e n .  6 . 7

OPC 637A S h a l e ,  b l a c k ,  b l o c k y ,  c o n t a i n s

f o s s i l  l e a v e s .  Sample b a r r e n .  5 . 4

T o t a l  N e w c a s t l e  6 8 . 3

S e c t i o n  o f f s e t  t o  r i d g e  t o  t h e  n o r t h  o f  N e w c a s t l e ,  NW% S e c .  

19,  T. 45 N. ,  R. 61 W . , Weston  C o . ,  Wyoming.

S k u l l  C reek  S h a l e

OPC 636 S h a l e ,  b l a c k ,  f i s s i l e ,  s t a i n e d  

brown i n  z o n e s ,  o c c a s i o n a l  t h i n
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sa n d y  l e n s e s ,  p o o r l y  e x p o s e d .  1 2 .0

S e c t i o n  o f f s e t  t o  e x p o s u r e  i n  c l i f f  e a s t  o f  o l d  h ighw ay  85 ,  

SE^ SE% S e c .  12,  T. 43 N . , R. 61 W . , Weston C o . ,  Wyoming. 

C o v e re d  2 5 . 0

OPC 847D S h a l e ,  b l a c k ,  f i s s i l e ,  l a m in a e

s t a i n e d  y e l l o w ,  s e l e n i t e  c r y s t a l s  

p r e s e n t .  1 7 .0

OPC 847C S h a l e ,  b l a c k ,  f i s s i l e ,  t h i n  i r o n 

s t o n e  bed  n e a r  t o p  o f  s a m p le  i n t e r v a l .  8 . 5

S e c t i o n  o f f s e t  t o  e x p o s u r e  i n  h i l l s i d e  a p p r o x i m a t e l y  4 . 5  

m i l e s  w e s t  o f  N e w c a s t l e ,  NW% S ec .  15, T. 45 N . , R. 62 W . , 

W es ton  C o . ,  Wyoming.

OPC 635C S h a l e ,  d a r k - g r a y  t o  b l a c k ,  f i s s i l e ,

o c c a s i o n a l  b r o w n i s h  l a m i n a e ,  o n e - f o o t -  

t h i c k  i r o n s t o n e  bed  p r e s e n t  7 f e e t  

a b o v e  b a s e  o f  s a m p le  i n t e r v a l .  2 1 . 5

C o v e red  1 1 .5

OPC 635B S h a l e ,  d a r k - g r a y  t o  b l a c k ,  f i s s i l e ,

o c c a s i o n a l  s a n d y  p a r t i n g s .  1 8 . 3

OPC 635A S h a l e ,  d a r k - g r a y  t o  b l a c k ,  f i s s i l e ,  

and  s a n d s t o n e ,  f i n e - g r a i n e d ,  l i g h t -  

g r a y ,  s t a i n e d  r e d d i s h  brow n,  i r o n  

i m p r e g n a t e d .  Two t h i n  s a n d s t o m e
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beds  i n  t h i s  s a m p l e ,  o ne  7 i n c h e s  

t h i c k  a t  t h e  t o p  o f  t h e  s a m p le  i n 

t e r v a l  and  t h e  o t h e r  1 f o o t  t h i c k  

o c c u r r i n g  4 . 5  f e e t  a b o v e  t h e  b a s e  

o f  t h e  s a m p le .  6 . 1

Covered  1 7 .6

T o t a l  S k u l l  Creek  S h a le  1 3 7 .5  

S e c t i o n  o f f s e t  t o  e x p o s u r e  i n  banks  o f  Cambria  C r e e k ,  j u s t  

i n  back  o f  t h e  N e w c a s t l e  C i t y  M a in t e n a n c e  Shop. SE% S ec .  2 0 ,  

T. 45 N . , R. 61 W . , Weston C o . ,  Wyoming.

F a l l  R i v e r  F o r m a t i o n

OPC 634R S a n d s t o n e ,  f i n e - g r a i n e d ,  v e r y  t h i n -

b e d d e d ,  and  s h a l e ,  g r a y  t o  b l a c k .  2 2 . 4

OPC 634Q S a n d s t o n e ,  b row n,  f i n e - g r a i n e d ,  and

s h a l e ,  d a r k - g r a y  f i s s i l e .  2 . 5

OPC 634P S a n d s t o n e ,  v e r y  t h i n - b e d d e d ,  f i n e 

g r a i n e d ,  and  s h a l e ,  b l a c k ,  sandy  1 7 .7

OPC 6340 S a n d s t o n e ,  y e l l o w - b r o w n ,  f i n e 

g r a i n e d ,  f r i a b l e ,  h a l f - i n c h - t h i c k  

g r a y  s h a l e  p a r t i n g  p r e s e n t  8 i n c h e s  

f rom  t o p  o f  s a m p l e .  2 . 4

OPC 634N S i l t s t o n e ,  g r a y ,  s a n d y ,  v e r y  t h i n -

b e d d e d ,  and  s h a l e ,  d a r k - g r a y .  1 0 .3
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OPC 634M L i g n i t e .  0 . 5

OPC 634L S a n d s t o n e ,  y e l l o w  t o  w h i t e ,  f i n e 

g r a i n e d ,  c r o s s - b e d d e d ,  f r i a b l e ,  and  

s i l t s t o n e ,  d a r k - g r a y ,  o c c u r r i n g  n e a r  

b a s e  o f  s am p le  i n t e r v a l  and show ing  

f lo w  c a s t s ;  s am p le  b a r r e n .  12 .7

OPC 634k S i l t s t o n e ,  g r a y ,  s a n d y ;  s h a l e ,

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

r i p p l e - m a r k e d .  1 0 .8

OPC 634J  S a n d s t o n e ,  brown,  i r r e g u l a r l y

b ed d e d ,  c r o s s - b e d d e d ,  i n t e r b e d d e d  

g ra y  s h a l e  and s i l t s t o n e .  8 . 4

C ove red  5 .2

OPC 6341 S a n d s t o n e ,  brown,  b e d d i n g  i r r e g u l a r ,  

r i p p l e - m a r k e d ,  f l o w  c a s t s ,  c r o s s 

b ed d e d ,  i n t e r b e d d e d  w i t h  g r a y ,  

sandy  s i l t s t o n e  and g r a y  s h a l e .  8 . 4

OPC 634H S i l t s t o n e ,  g r a y  t o  b l a c k ,  l a m i n a t e d ;

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

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

s am p le  b a r r e n .  1 8 .8

OPC 634G S a n d s t o n e ,  g r a y ,  t h i n  t o  medium- 

b e d d e d ,  and  s i l t s t o n e ,  g r a y .
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l a m i n a t e d ,  some b l a c k  s h a l e ,  s a m p le  

b a r r e n .  1 7 .5

OPC 634B-F L i g n i t e ,  2 - f o o t - t h i c k  g r a y  s h a l e  

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

i n t e r v a l . 4 . 3

T o t a l  F a l l  R i v e r  1 4 1 .9
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Crook County  S e c t i o n

E x p o s u r e  i n  a  h i l l s i d e ,  NW^ SE% Sec.  14, T. 61 N . , R. 66 W . , 

Crook C o . ,  Wyoming.

T h i c k n e s s

Sample i n  f e e t

L a k o t a  F o r m a t i o n

OPC 633D S h a l e ,  o l i v e  a t  b a s e  o f  s am p le

i n t e r v a l ,  becom ing  g r a y  and  b l a c k  

u p w a r d ,  and  c l a y s t o n e ,  g r e e n  t o  

p u r p l e ,  r a r e  s a n d s t o n e ,  b l a c k  s h a l e  

a t  t o p  o f  s a m p le  i n t e r v a l .  2 8 . 0

OPC 633C C l a y s t o n e ,  g r a y  t o  o l i v e ,  and  s h a l y  

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

p e b b l e s ,  b a s a l  one f o o t  o f  s a m p le  

i n t e r v a l  i s  composed o f  l i g h t - g r a y  

s h a l e .  Sample b a r r e n .  2 1 . 0

OPC 633B C l a y s t o n e ,  g r a y  t o  g r a y - g r e e n ,

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

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

z o n e s ,  r a r e  s a n d s t o n e ,  s a m p le  b a r r e n .  1 7 .0

OPC 633A C l a y s t o n e ,  o l i v e - g r e e n ,  s a n d y ,  s l i g h t 

l y  c o n g l o m e r a t i c ,  s a m p le  b a r r e n .  7 .0
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C overed  8 7 .0

T o t a l  L a k o ta  F o r m a t i o n  1 6 0 .0  

S e c t i o n  o f f s e t  t o  e x p o s u r e  i n  a h i l l s i d e  n e a r  In y a n  K ara  

C re e k ,  SE% S ec .  2 5 ,  T. 52 N . , R. 66 W . , Crook C o . ,  Wyoming. 

L a k o ta  F o r m a t i o n  ( lo w e r  15 f e e t )

OPC 632 S a n d s t o n e ,  g r a y  t o  w h i t e ,  r e d d i s h  

and  brown s t a i n s ,  o c c a s i o n a l  d a r k  

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

i n  b a s a l  p o r t i o n ,  u p p e r  p a r t  o f  s am p le  

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

s a m p le  b a r r e n .  1 5 .5

M o r r i s o n  F o r m a t i o n

C overed  5 . 0

OPC 631F C l a y s t o n e ,  b r o w n i s h - g r a y  t o  d a r k -

g r a y ,  Sample b a r r e n .  5 . 3

C overed  1 9 .7

OPC 631E C l a y s t o n e ,  b r o w n i s h - g r a y  i n  u p p e r

p a r t  o f  s a m p l e ,  g r a y - g r e e n  i n  lo w e r  

p a r t ,  s am p le  b a r r e n  1 0 . 8

C overed  5 . 0

OPC 6 3 ID C l a y s t o n e ,  g r a y - g r e e n ,  b l o c k y ,  and 

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

t h i n  beds  a.2 d n o d u l e s .  Sample b a r r e n .  1 0 .8
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OPC 631C C l a y s t o n e ,  g r a y - g r e e n ,  r e d d i s h - b r o w n  

z o n e s ,  b l o c k y ,  and l i m e s t o n e ,  g r a y ,  

v e r y  f i n e - g r a i n e d ,  o c c u r s  a s  l e n s e s  

and  n o d u l e s ,  o n e - f o o t - t h i c k  l i m e s t o n e  

bed  i s  p r e s e n t  6 f e e t  be low  t h e  to p  

o f  t h e  s am p le  i n t e r v a l .  Sample 

b a r r e n .  2 1 . 8

OPC 631B C l a y s t o n e ,  g r a y - g r e e n  and r e d d i s h -  

b rown,  s l i g h t l y  c a l c a r e o u s ,  s am p le  

b a r r e n .  1 7 .3

C overed  1 0 .8

OPC 631A C l a y s t o n e ,  g r a y - g r e e n ,  b l o c k y ,  and 

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

g r a i n e d .  Sample b a r r e n .  6 . 0

T o t a l  M o r r i s o n  F o r m a t i o n  112 .5



LABORATORY AND STUDY TECHNIQUES

The l a b o r a t o r y  t e c h n i q u e s  u s e d  i n  t h i s  s t u d y  w ere  

e s s e n t i a l l y  t h o s e  o u t l i n e d  by W i l so n  ( 1 9 5 9 a ) . Each s a m p le  

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

d i a m e t e r  and  t h o r o u g h l y  m ix e d .  A p p r o x i m a te ly  f i v e  grams o f  

e a c h  s a m p le  was p l a c e d  i n  a  p o l y e t h y l e n e  b e a k e r  and  c o v e r e d  

w i t h  52 p e r c e n t  h y d r o f l u o r i c  a c i d  f o r  24 h o u r s  w i t h  p e r i o d i c  

s t i r r i n g .  Samples  c o n t a i n i n g  c a l c a r e o u s  m a t e r i a l  w e re  c o v 

e r e d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  f o r  8 t o  10 h o u r s  

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

t r e a t m e n t  w i t h  HF, e a c h  s a m p le  was t h o r o u g h l y  w ashed  w i t h  

d i s t i l l e d  w a t e r  and  exam ined  w i t h  t h e  m i c r o s c o p e .  Sam ples  

c o n t a i n i n g  a  h i g h  p e r c e n t a g e  o f  o r g a n i c  m a t e r i a l  w e re  t r e a t e d  

w i t h  S c h u l z e ' s  s o l u t i o n  ( p o t a s s i u m  c h l o r a t e  and  c o n c e n t r a t e d  

n i t r i c  a c i d )  f o r  f i v e  m i n u t e s  t o  one  h o u r ,  d e p e n d i n g  on t h e  

amount  o f  o r g a n i c  m a t e r i a l  p r e s e n t .  D u r in g  t h i s  s t a g e  o f  

t h e  t r e a t m e n t ,  t h e  s a m p le  was c h e c k e d  w i t h  t h e  m i c r o s c o p e  t o  

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

t r e a t m e n t  w i t h  S c h u l z e ' s  s o l u t i o n  was a g a i n  t h o r o u g h l y  w ash ed

34
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w i t h  d i s t i l l e d  w a t e r  and  t r e a t e d  w i t h  ammonium h y d r o x i d e  f o r  

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

a c i d  and  f rom  t r e a t m e n t  w i t h  S c h u l z e ' s  s o l u t i o n  and  ammonium 

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

f r a g m e n t s , .  The m i c r o f o s s i l s  w e r e  s e p a r a t e d  from t h e  m i n e r a l  

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

c h l o r i d e  w i t h  a  s p e c i f i c  g r a v i t y  o f  a p p r o x i m a t e l y  1 . 8 5 .  The 

p r o c e d u r e  u s e d  i n  t h i s  s t e p  was t h a t  o u t l i n e d  by Urban (1961)  

a n d  D a v i s  ( 1 9 6 1 ) .  The m i c r o f o s s i l  r e s i d u e s  w e re  t h o r o u g h l y  

w a sh e d  and  s t o r e d  i n  d i s t i l l e d  w a t e r  t o  w h ic h  a  few d r o p s  o f  

a c e t i c  a c i d  w e re  a d d ed  a s  a  p r e s e r v a t i v e .

L i g n i t e  s a m p le s  w e re  p r o c e s s e d  by t h e  f o l l o w i n g  m e t h 

o d s .  They w e re  f i r s t  t r e a t e d  w i t h  h y d r o f l u o r i c  a c i d  f o r  24 

h o u r s  and  t h e n  w i t h  S c h u l z e ' s  s o l u t i o n  f o r  6 t o  8 h o u r s .  The 

r e s i d u e s  f rom  t h e  S c h u l z e ’ s t r e a t m e n t  w e r e  w ash ed  and  t r e a t e d  

w i t h  a 10 p e r c e n t  s o l u t i o n  o f  p o t a s s i u m  c a r b o n a t e  f o r  a p p r o x 

i m a t e l y  10 m i n u t e s  The r e s i d u e s  f rom  t h i s  s t e p  w ere  w ashed  

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

S l i d e s  w ere  p r e p a r e d  f o l l o w i n g  t h e  m e th o d s  s e t  f o r t h  

by F u n k h o u s e r  and  E v i t t  <^1959) and W i l s o n  (1959b)  , A p o r t i o n  

o f  t h e  r e s i d u e  f rom  e a c h  f o s s i l  i f e r o u s  s a m p le  was s t a i n e d  

w i t h  S a f r a n i n  0 ,  m ounted  on  a c o v e r  s l i p  i n  C l e a r c o l ,  and 

d r i e d ;  t h e  c o v e r s  l i p s  w ere  t h e n  m oun ted  on  m i c r o s l i d e s .
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A p p r o x i m a t e l y  10 s l i d e s  w ere  made from each  s a m p le .

The s l i d e s  w ere  s t u d i e d  w i t h  an A m er ican  O p t i c a l  

compound b i n o c u l a r  m i c r o s c o p e .  M i c r o f o s s i l s  s e l e c t e d  f o r  

p h o t o g r a p h s  w ere  r i n g e d  w i t h  g l a s s - m a r k i n g  i n k .  The c a t a 

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

s a m p le  n um ber ,  s l i d e  num ber ,  and  r i n g  number .  F o r  ex am p le ,  

s l i d e  number OPC 634Q -5-4  r e f e r s  t o  r i n g  number  4 on s l i d e  

number  5 o f  t h e  s e r i e s  o f  s l i d e s  made f rom  sam p le  OPC 634Q. 

Spec im ens  w ere  p h o t o g r a p h e d  w i t h  a  Z e i s s  P h o t o m i c r o s c o p e  on  

Adox KB-14 f i l m ,

The f o s s i l s  p r e s e n t  w e re  i d e n t i f i e d  and  a s s e m b la g e  

c o u n t s  w e re  made . Two h u n d r e d  i n d i v i d u a l s  w ere  c o u n t e d  from 

e a c h  f o s s i l i f e r o u s  s a m p l e .  S e v e r a l  s l i d e s  w ere  u s e d  p e r  

s a m p le  t o  i n s u r e  random s a m p l i n g .  R e l a t i v e  p e r c e n t a g e s  o f  

s p e c i e s  p r e s e n t  i n  eac h  l e v e l  w ere  com puted  and  t h e  r e s u l t s  

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

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

Oklahoma G e o l o g i c a l  Survey
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The t o t a l  p a l y n o l o g i c a l  a s s e m b l a g e  r e p o r t e d  i n  t h i s  

p a p e r  c o n s i s t s  o f  58 g e n e r a  and 122 s p e c i e s  o f  m i c r o f o s s i l s  

o f  w h ich  4 g e n e r a  and  64 s p e c i e s  a r e  r e g a r d e d  a s  h a v i n g  b een  

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

p o s e d  o f  24 g e n e r a  and 52 s p e c i e s  o f  f o s s i l  s p o r e s ,  11 g e n e r a  

and 20 s p e c i e s  o f  f o s s i l "  g'ymnosperm p o l l e n ,  4 g e n e r a  and  9 

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

5 g e n e r a  and  8 s p e c i e s  o f  f o s s i l  d i n o f l a g e l l a t e s , 8 g e n e r a  

and 26 s p e c i e s  o f  h y s t r i c h o s p h a e r i d s , and  6 g e n e r a  and  7 

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

i n  o r i g i n .

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

t h e  s y s t e m  o f  P o t o n i e  (1 9 5 6 ,  1958,  and I960) , .  A l th o u g h  i n  

many r e s p e c t s  i n a d e q u a t e ,  t h i s  s y s t e m  i s  t h e  m os t  c o m p re h e n 

s i v e  and  u p - t o - d a t e  a v a i l a b l e  and i s  u t i l i z e d  by most  i n v e s 

t i g a t o r s .  I n  q u e s t i o n s  o f  synonymy o r  p r i o r i t y ,  t h e  I n t e r 

n a t i o n a l  R u le s  o f  B o t a n i c a l  N o m e n c la tu r e  h a v e  b e en  f o l l o w e d .

37
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Names h a v e  n o t  b een  a s s i g n e d  t o  t h e  new g e n e r a  and  s p e c i e s  

d e s c r i b e d  i n  t h i s  s t u d y ,

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

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

s p e c i m e n s .  In  c a s e s  w h ere  a  s p e c i e s  was j u d g e d  t o  be u n d e 

s c r i b e d  b u t  t o o  few s p e c i m e n s  w e re  a v a i l a b l e  t o  a d e q u a t e l y  

d e s c r i b e  t h e  r a n g e  o f  m o r p h o l o g i c a l  v a r i a t i o n ^  no t y p i c a l  

s p e c im e n  was c h o s e n .
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A n t e t u r m a  SPORITES H. P o t o n i e ,  1893 

Turina TRILETES R e i n s c h ,  1881 emend. P o t o n i e  an d  Kremp, 1954 

S u b tu rm a  AZONOTRILETES Luh e r ,  1935 

I n f r a t u r m a  LAEVIGATI B e n n ie  and  K i d s t o n ,  1886 

emend, P o t o n i e ,  1956

Genus CYATHIDITES C o u p e r ,  1953 

Type s p e c i e s :  C y a t h i d i t e s  a u s t r a l i s  C o u p e r ,  1953

(p .  2 7 ,  p i .  2 ,  f i g .  1 1 ) .

CYATHIDITES AUSTRALIS C o u p e r ,  1953 

P l a t e  1 ,  f i g ,  1 

S p ec im en s  h e r e i n  a s s i g n e d  t o  C. a u s t r a l i s  a r e  

s l i g h t l y  s m a l l e r  t h a n  t h o s e  d e s c r i b e d  by C oupe r  b u t  a r e  

o t h e r w i s e  s i m i l a r .

A f f i n i t y :  F i l i c i n e a n ,  p r o b a b l y  r e l a t e d  t o  t h e  Cya-

t h e a c e a e  o r  D i c k s o n i a c e a e ,

S t r a t i g r a p h i e  o c c u r r e n c e :  R a re  i n  t h e  R u s t y  b e d s ,

Hot  S p r i n g s  C o u n ty ,  and  i n  t h e  F a l l  R i v e r  F o r m a t i o n ,  Weston  

C o u n ty .

CYATHIDITES MINOR C o u p e r ,  1953 

P l a t e  1, f i g .  2
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C. m in o r  was ' ^ r i g i n a l l y  d e s c r i b e d  by Couper  f rom t h e  

J u r a s s i c  o f  New Z e a l a n d .  I n  1958 he  r e c o g n i z e d  s i m i l a r  s p o r e s  

i n  t h e  J u r a s s i c  and  Lower C r e t a c e o u s  o f  B r i t a i n .  The t h i n  

w a l l  and  s m a l l  s i z e  o f  t h i s  s p e c i e s  d i s t i n g u i s h  i t  f rom  C. 

a u s t r a l i s .

A f f i n i t y :  F i l i c i n e a n ,  p r o b a b l y  r e l a t e d  t o  e i t h e r

t h e  C y a t h e a c e a e  o r  t h e  D i c k s o n i a c e a e .

S t r a t i g r a p h i e  o c c u r r e n c e :  A bundan t  i n  a l l  f o r m a t i o n s

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

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 8 3 7 H -4 -5 ,  Thermopo-

l i s  S h a l e ,  B ig  Horn  C o u n ty ,

Genus GLEICHENIIDITES R o s s ,  1949 emend.

D e l c o u r t  and  S p rum ont ,  1955 

Type s p e c i e s :  G l e i c h e n i i d i t e s  s e n o n i c u s  R o s s ,  1949

(p .  31 ,  p i .  1, f i g .  3 ) .

GLEICHENIIDITES SP. A 

P l a t e  1 ,  f i g s .  3 and 4

S p o r e s  r a d i a l ;  t r i l e t e ;  o u t l i n e  t r i a n g u l a r ,  c o r n e r s  

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

v e x ;  t r i l e t e  r a y s  r e a c h  t o  m a r g in  o f  s p o r e ,  l i p s  s l i g h t l y  

r a i s e d ;  w a l l  l a e v i g a t e ,  1 - 1 , 5  m i c r o n s  t h i c k  a t  c o r n e r s ,  

t h i c k e n s  t o  3 . 0 - 4 , 0  m i c r o n s  b e tw e e n  c o r n e r s ;  d i s t a l  s i d e
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f r e q u e n t l y  f o l d e d  p a r a l l e l  t o  m a r g i n s ;  o v e r a l l  d i a m e t e r  2 1 . 0  

- 3 1 . 0  m i c r o n s .

T y p i c a l  s p e c im e n :  S l i d e  No. OPC 6 3 5 A -1 2 -2 ,  S k u l l

Creek  S h a l e ,  Weston C o u n ty ,  Wyoming. D im en s io n s  2 7 . 9  x 2 8 . 0  

X 2 6 . 0  m i c r o n s .

T h i s  s p e c i e s  r e s e m b l e s  C i n g u t r i l e t e s  i n t e r r u p t u s  

P i e r c e ,  1961 (p ,  26)  f rom  t h e  Upper  C r e t a c e o u s  o f  M i n n e s o t a .  

The s p e c i e s  i s  c h a r a c t e r i z e d  by t h e  e x c e s s i v e  w a l l  t h i c k n e s s  

b e tw e e n  t h e  c o r n e r s .

A f f i n i t y :  S p o r e s  o f  t h i s  t y p e  a r e  c o m p a r a b l e  w i t h

t h o s e  o f  t h e  g e n u s  G l e i c h e n i a , an  e x t a n t  f i l i c i n e a n .

S t r a t i g r a p h i e  o c c u r r e n c e :  O c cu rs  i n  m in o r  t o  m a jo r

a b u n d an ce  i n  a l l  f o r m a t i o n s  i n  a l l  t h r e e  s e c t i o n s .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 6 3 5 A - 1 2 -2 ,  S k u l l

Creek  S h a l e ,  Weston  C o u n ty ,  and  OPC 6 3 7 J - 1 - 1 1 ,  N e w c a s t l e  

F o r m a t i o n ,  W es ton  C o u n ty .

Genus CONCAVISPORITES P f l u g ,  1953 emend.

D e l c o u r t  and S p ru m o n t ,  1955 

Type s p e c i e s  : C o n c a v i s p o r i t e s  r u g u l a t u s  P f l u g  i n  Thomson

and  P f l u g  (p .  4 9 ,  p i .  1 ,  f i g ' .  2 2 ) .  

CONCAVISPORITES VARIVERRUCATUS C o u p e r ,  1958 

P l a t e  1, f i g .  5
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S p o r e s  f rom Wyoming a s s i g n e d  t o  t h i s  s p e c i e s  a r e  

c o m p a ra b le  i n  e v e r y  r e s p e c t  w i t h  C o o p e r ' s  d e s c r i p t i o n  and  

p h o t o g r a p h s  o f  t h e  s p e c i e s .  C o o p e r ' s  s p e c im e n s  a r e  f ro m  t h e  

M id d le  J o r a s s i c  and  Lower C r e t a c e o o s  o f  B r i t a i n .

A f f i n i t y ;  F i l i c i n e a n ,  Cooper  s o g g e s t e d  a c y a t h e a -  

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

S t r a t i g r a p h i e  o c c o r r e n c e :  R a re  i n  t h e  F a l l  R i v e r

F o r m a t i o n ,  W eston  C o o n ty .

F i g o r e d  s p e c i m e n ;  S l i d e  No. OPC 6 3 4 1 - 2 - 3 ,  F a l l  R i v e r  

F o r m a t i o n ,  Weston  C o o n ty .

Genos LYGODIUMSPORITES P o t o n i e ,  Thomson and T h i e r g a r t ,  1950

emend.  P o t o n i e ,  1956 

Type s p e c i e s  : L y g o d i o m s p o r i t e s  a d r i e n n i s  ( P o t o n i e  and

G e l l e t i c h ,  1933) P o t o n i e ,  Thomson and  T h i e r 

g a r t ,  1956 (p .  4 5 ,  p i .  C, f i g .  2 ) .

1933 P o n c t a t i s p o r i t e s  a d r i e n n i s  P o t o n i e  and  

G e l l e t i c h  (p .  521 ,  p i .  2 ,  f i g s .  14 and  1 5 ) .  

LYGODIUMSPORITES MINOR (C o o p e r ,  1958) n .  comb.

P l a t e  1, f i g .  6 

1958 T o d i s p o r i t e s  m in o r  Cooper  (p .  134,  p i .  16 ,  f i g s .  6 - 8 ) .

Cooper  (1958)  e r e c t e d  t h e  g en o s  T o d i s p o r i t e s  t o  c o n 

t a i n  s p h e r i c a l ,  t h i n - w a l l e d ,  t r i l e t e  s p o r e s  w h ic h  he  o b s e r v e d
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i n  t h e  M idd le  J u r a s s i c  o f  Y o r k s h i r e .  T h i s  g e n u s ,  h o w e v e r ,  

i s  o b v i o u s l y  synonymous w i t h  L y g o d i u m s p o r i t e s . S pec im ens  

f rom  Wyoming w h ic h  h a v e  b e e n  a s s i g n e d  t o  t h i s  s p e c i e s  a p p e a r  

s i m i l a r  t o  T.  m in o r  a s  d e s c r i b e d  by C o u p e r .

A f f i n i t y :  F i l i c i n e a n ,  p o s s i b l y  r e l a t e d  t o  t h e

O sm u n d ac ea e .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  a s  a m in o r  e l e 

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

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 4 4 A - 9 -1 ,  Thermopo-

l i s  S h a l e ,  T e t o n  C o u n ty ,  Wyoming.

LYGODIUMSPORITES SP. A 

P l a t e  1, f i g ,  9

S p o r e s  r a d i a l ;  t r i l e t e ;  b r o a d l y  t r i a n g u l a r  t o  s u b -  

s p h e r i c a l ;  t r i l e t e  r a y s  d i s t i n c t ,  l i p s  t h i c k e n e d  and r a i s e d ,  

r a y s  e x t e n d  n e a r l y  t o  m a r g i n  o f  s p o r e ;  e x i n e  2 . 0 - 4 . 0  m i c r o n s  

t h i c k ,  l e v i g a t e ;  o v e r a l l  d i a m e t e r  3 0 . 0 - 5 1 . 0  m i c r o n s .

T y p i c a l  s p e c i m e n ;  S l i d e  No. OPC 6 3 5 A - 7 -6 ,  S k u l l  

C re ek  S h a l e ,  W es ton  C o u n ty ,  Wyoming, D im e n s io n s  4 8 . 3  x 4 7 . 0  

X 4 8 . 3  m i c r o n s .

T h i s  s p e c i e s  i s  d i s t i n g u i s h e d  by t h e  r a i s e d  and  

t h i c k e n e d  a r e a s  a t  t h e  m a r g in s  o f  t h e  t r i l e t e  r a y s  and  by 

i t s  t h i c k  w a l l .

A f f i n i t y :  P r o b a b l y  f i l i c i n e a n .
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S t r a t i g r a p h i e  o c c u r r e n c e :  R a re  i n  t h e  R u s t y  b e d s ,

T h e r m o p o l i s  S h a l e ,  and  Muddy S a n d s to n e  i n  T e to n  County  and  

i n  t h e  L a k o t a ,  F a l l  R i v e r ,  ar.d S k u l l  C reek  F o r m a t i o n s ,

Weston C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 5 A -7 -6 ,  S k u l l

C reek  S h a l e ,  W es ton  C o u n t y ,

LYGODIUMSPORITES SP. B 

P l a t e  1,  f i g s .  7 and  8

S p o r e s  r a d i a l ;  t r i l e t e ;  s u b s p h e r i c a l , o u t l i n e  r o u n d l y  

t r i a n g u l a r ;  t r i l e t e  d i s t i n c t ,  r a y s  e x t e n d  n e a r l y  t o  m a r g i n ,  

r a y  m a r g in s  s l i g h t l y  t h i c k e n e d ;  w a l l  1 . 0 - 2 . 0  m i c r o n s  t h i c k ,  

e x t e r n a l l y  sm o o th ,  i n t e r n a l l y  d e n s e l y  p u n c t a t e  t o  m i c r o -  

r e t i c u l a t e ;  o v e r a l l  d i a m e t e r  3 8 , 0 - 5 6 . 0  m i c r o n s .

T y p i c a l  s p e c i m e n .  S l i d e  No. OPC 6 3 4 Q -1 -6 ,  F a l l  R i v e r  

F o r m a t i o n ,  W es ton  County^  Wyoming, D im e n s io n s  5 3 . 3  x 5 3 . 3  x 

5 4 ,0  m i c r o n s .

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

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

P o t o n i e  (1956)  s t a t e d  t h a t  t h i s  g en u s  may i n c l u d e  fo rm s  w i t h  

i n f r a p u n c t a t e  o r n a m e n t a t i o n ;  t h e r e f o r e ,  t h e  p l a c e m e n t  o f  t h e  

s p e c i e s  i n  L y g o d i u m s p o r i t e s  seems j u s t i f i e d .

A f f i n i t y :  F i l i c i n e a n .

S t r a t i g r a p h i e  o c c u r r e n c e ;  P r e s e n t  a s  a  r a r e  e l e m e n t
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i n  t h e  R u s ty  b e d s ,  T e to n  and  Hot S p r i n g s  C o u n t i e s ,  t h e  u p p e r  

T h e r m o p o l i s  S h a l e ,  B ig  Horn C o u n ty ,  and  t h e  F a l l  R i v e r  F o r 

m a t i o n ,  Weston  C o u n ty .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 634Q-1-Ô, and  OPC

6 3 4 1 - 4 - 6 ,  F a l l  R i v e r  F o r m a t i o n ,  W es ton  Coun ty .

Genus AURITULINASPORITES N i l s s o n ,  1958 

Type s p e c i e s  : A u r i t u l i n a s p o r i t e s  s c a n i c u s  N i l s s o n ,  1958

(p .  35 ,  p i  1,  f i g .  1 6 ) ,

AURITULINASPORITES c f .  A. INTRASTRIATUS N i l s s o n ,  1958

P l a t e  1, f i g ,  10 

S p o re s  r a d i a l ;  o u t l i n e  t r i a n g u l a r ,  s i d e s  s t r a i g h t  t o  

c o n c a v e ;  t r i l e t e  d i s t i n c t ,  l i p s  s l i g h t l y  t h i c k e n e d  and  r a i s e d ,  

r a y s  e x t e n d  t o  m a r g in  o f  s p o r e ;  s u r f a c e  l a e v i g a t e ,  p r o x i m a l  

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

t h i c k e n e d  r i d g e ,  2 . 0 - 4 . 0  m i c r o n s  w i d e ,  p a r a l l e l  t o  m a r g in s  

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

t r i l e t e  r a y s ;  o v e r a l l  d i a m e t e r  1 6 . 0 - 2 8 . 0  m i c r o n s .

T h i s  fo rm  i s  s i m i l a r  t o  A, i n t r a s t r i a t u s  e x c e p t  t h a t  

i t  l a c k s  t h e  s t r i a t i o n s  p a r a l l e l  t o  t h e  t h i c k e n e d  zone  w h ic h  

N i l s s o n  d e s c r i b e d .  T h ese  m a r k i n g s  a r e  n o t  v i s i b l e  on  N i l 

s s o n ' s  i l l u s t r a t e d  s p e c i m e n ,  h o w e v e r ,  and  b e c a u s e  t h e  Wyoming 

s p e c im e n s  seem t o  be s i m i l a r  i n  a l l  o t h e r  r e s p e c t s  t o
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N i l s s o n ' s  s p e c i e s  t h e y  h a v e  been  r e f e r r e d  t o  i t . T h i s  form 

i s  s i m i l a r  t o  C o n c a v i s p o r i t e s  m on t i s  b r a s s i c a e T h i ? r g a r t ,

1953 and t o  C o n c a v i s p o r i t e s  j u r i e n e n s i s  Ba lm e ,  1957.  As d e 

f i n e d  by D e l c o u r t  and  Sprumont (1955)  C o n c a v i s p o r i t e s  i n 

c l u d e s  o n l y  t h o s e  fo rm s  w i t h  c o n c a v e  s i d e s  and  a  t h i c k e n i n g  

p a r a l l e l i n g  t h e  t r i l e t e  m ark .  I t  i s  o b v i o u s  t h a t  t h e y  w ere  

d i s c u s s i n g  a p r o x i m a l  t h i c k e n e d  z o n e .  S p ec im en s  h e r e i n  

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

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

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

d i s t i n c t  f rom  t h e  t y p e  o f  s p o r e s  i n c l u d e d  i n  t h e  genus  

C o n c a v i s p o r i t e s ,

A f f i n i t y ;  P o s s i b l y  f i l i c i n e a n .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  a s  a t r a c e  i n  t h e

R u s ty  b ed s  and  T h e r m o p o l i s  S h a l e ,  T e to n  C o u n ty ,  and  i n  t h e  

T h e r m o p o l i s  S h a l e ,  B ig  Horn C oun ty .  R a r e  i n  t h e  L a k o t a ,  F a l l  

R i v e r ,  S k u l l  C r e e k ,  an d  N e w c a s t l e  F o r m a t i o n s ,  Weston  Coun ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 4 3 A - 3 -2 ,  R u s ty

b e d s ,  T e to n  C o u n ty .

SPORE TYPE A 

P l a t e  1, f i g .  11 

S pore  r a d i a l ;  t r i l e t e ;  o r i g i n a l l y  p r o b a b l y  s p h e r i c a l ,  

b a d l y  f o l d e d  and  c o m p r e s s e d ;  t r i l e t e  r a y s  e x t e n d  1 / 3 - 1 / 2
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r a d i u s  o f  s p o r e ,  l i p s  s l i g h t l y  r a i s e d ;  e x i n e  L h in ,  e x t e r n a l l y  

l a e v i g a t e ,  i n t e r n a l l y  p u n c t a t e ;  d i a m e t e r  109-114  m i c r o n s .

Only one s p e c im e n  o f  t h i s  s p o r e  t y p e  was o b s e r v e d .

A f f i n i t y ;  P o s s i b l y  a  f i l i c i n e a n  m e g a s p o re .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 7 H - 8 -1 ,  N e w c a s t l e

F o r m a t i o n ,  Weston  C o u n ty .

I n f r a t u r m a  APICULATI B e n n ie  and  K i d s t o n ,  1886 

emend. P o t o n i e ,  1956

Genus GRANULATISPORITES I b r a h i m ,  1933 

emend. P o t o n i e  and  Kremp, 1954 

Type s p e c i e s ;  G r a n u l a t i s p o r i t e s  g r a n u l a t u s  I b r a h i m ,  1933

(p.  2 2 ,  p i .  6 ,  f i g .  5 1 ) .

GRANULATISPORITES SP. A 

P l a t e  1, f i g .  12

S p o r e s  r a d i a l ;  t r i l e t e ;  r o u n d e d  t r i a n g u l a r ,  c o r n e r s  

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

s i m p l e ,  r a y s  e x t e n d  3 / 4  d i s t a n c e  t o  m a r g i n ;  w a l l  2 . 0 - 2 . 5  

m i c r o n s  t h i c k ,  o r n a m e n te d  w i t h  low,  r o u n d e d ,  d e n s e l y  p a c k e d  

g r a n u l e s ,  maximum d i a m e t e r  o f  g r a n u l e s  1 m i c r o n ;  o v e r a l l  

d i a m e t e r  5 0 . 0 - 7 7 . 0  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 6 4 3 A - 1 -5 ,  R u s ty

b e d s ,  T e t o n  C o u n ty ,  Wyoming. D im e n s io n s  6 6 . 0  x  6 6 . 0  x 6 3 .5
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m i c r o n s .

A f f i n i t y :  P r o b a b l y  f i l i c i n e a n .

S t r a t i g r a p h i e  o c c u r r e n c e :  R a re  i n  t h e  R u s ty  beds  

and  lo w e r  T h e r m o p o l i s  S h a l e ,  T e to n  C o u n ty ,  and i n  t h e  R u s ty  

b e d s .  Hot S p r i n g s  C oun ty ,

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 4 3 A -1 -5 ,  R u s ty

b e d s ,  T e to n  C oun ty .

GRANULATISPORITES SP. B 

P l a t e  2 ,  f i g .  1

S p o r e s  r a d i a l ;  t r i l e t e ;  r o u n d e d  t r i a n g u l a r ,  c o r n e r s  

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

r a y s  e x t e n d  1 / 3 - 1 / 2  d i s t a n c e  t o  m a r g i n ;  w a l l  1 m ic ro n  t h i c k ,  

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

1 m i c r o n  i n  d i a m e t e r ;  o v e r a l l  d i a m e t e r  3 3 . 0 - 4 1 . 0  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 6 3 5 B - 5 - 7 ,  S k u l l

C re e k  S h a l e ,  W es ton  C o u n ty ,  Wyoming. D im en s io n s  3 3 .0  x 3 3 . 0  

X 3 3 . 0  m i c r o n s .

A f f i n i t y :  P r o b a b l y  f i l i c i n e a n .

S t r a t i g r a p h i e  o c c u r r e n c e :  R a r e  i n  t h e  T h e r m o p o l i s

S h a l e ,  T e to n  and  B ig  Horn C o u n t i e s ,  and  i n  t h e  S k u l l  C reek  

S h a l e ,  W es ton  C o u n ty .

Figured specimen: Slide No. OPC 635B-5-7, Skull
Creek Shale, Weston County.
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Genus LEPTOLEPIDITES C o u p e r ,  1953 

Type s p e c i e s :  L e p t o l e p i d i t e s  v e r r u c a t u s  C o u p e r ,  1953

(p.  28 ,  p i ,  2 ,  f i g .  1 4 ) ,

LEPTOLEPIDITES VERRUCATUS C o u p e r ,  1953 

P l a t e  2 ,  f i g .  2 

T h i s  s p e c i e s  was o r i g i n a l l y  d e s c r i b e d  by Couper  from 

t h e  J u r a s s i c  o f  New Z e a l a n d .  The Wyoming s p e c i m e n s  compare  

c l o s e l y  w i t h  C o u p e r ' s  d e s c r i p t i o n  and  i l l u s t r a t i o n s  o f  t h e  

t y p e  s p e c im e n .

A f f i n i t y :  F i l i c i n e a n .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  F a l l  R i v e r

and  N e w c a s t l e  F o r m a t i o n s ,  Weston C oun ty ,

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 4 1 - 1 3 - 1 ,  F a l l

R i v e r  F o r m a t i o n ,  Weston C oun ty .

LEPTOLEPIDITES MAJOR C o u p e r ,  1958 

P l a t e  2 ,  f i g .  3 

Couper  d e s c r i b e d  t h i s  s p e c i e s  f rom  t h e  M id d le  J u r a s 

s i c  o f  Y o r k s h i r e ,  E n g l a n d .  A few s p o r e s  f rom  t h e  F a l l  R i v e r  

and  S k u l l  C reek  F o r m a t i o n s  w ere  s e e n  w h ic h  d i f f e r  f rom 

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

o f  t h e i r  v e r r u c o s e  s c u l p t u r e  e l e m e n t s  i s  2 t o  3 m i c r o n s  l e s s  

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

m in o r  a c h a r a c t e r  t o  w a r r a n t  t h e  e r e c t i o n  o f  a  new s p e c i e s
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an d  t h e  Wyoming forms h a v e  a c c o r d i n g l y  b ee n  e q u a t e d  w i t h  

C o u p e r ' s  s p e c i e s .

A f f i n i t y ;  F i l i c i n e a n ,

S t r a t i g r a p h i e  o c c u r r e n c e ;  P r e s e n t  i n  t h e  F a l l  R i v e r  

and  S k u l l  C reek  F o r m a t i o n s ,  W es ton  C oun ty ,

F i g u r e d  s p e c i m e n ;  S l i d e  No. OPC 6 3 4 Q - 3 -2 ,  F a l l  

R i v e r  F o r m a t i o n ,  Weston C o u n ty .

LEPTOLEPIDITES SP A 

P l a t e  2 ,  f i g s .  4 and  5

S p o r e s  r a d i a l ;  t r i l e t e ;  r o u n d e d  t r i a n g u l a r ,  s i d e s  

s t r a i g h t  t o  c o n v e x ;  t r i l e t e  r a y s  e x t e n d  3 / 4 - 4 / S  d i s t a n c e  t o  

m a r g i n ,  l i p s  s l i g h t l y  r a i s e d ;  p r o x i m a l  and d i s t a l  o r n a m e n t a 

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

r i d g e s ,  2 t o  7 m ic ro n s  w i d e ,  2 t o  4 m i c r o n s  h i g h ;  w a l l  2 - 4  

m i c r o n s  t h i c k ;  o v e r a l l  d i a m e t e r  4 5 . 0 - 6 4 . 0  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 6 3 4 P - 1 1 - 1 ,  F a l l

R i v e r  F o r m a t i o n ,  Weston C o u n ty ,  Wyoming. D im e n s io n s  4 8 . 3  x 

4 8 . 3  X 4 5 . 7  m i c r o n s .

A f f i n i t y ;  P r o b a b l y  f i l i c i n e a n .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  R u s t y  b e d s ,

T e t o n  C o u n ty ,  and  i n  t h e  F a l l  R i v e r  F o r m a t i o n  W eston  C o u n ty .  

R a re  i n  t h e  u p p e r  p a r t  o f  t h e  T h e r m o p o l i s  S h a l e  an d  i n  t h e  

Muddy S a n d s t o n e ,  T e to n  C o u n ty .
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F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 6 3 4 P - 1 1 - 1 ,  F a l l

R i v e r  F o r m a t i o n ,  W es ton  C o u n ty ,  and  OPC 6 4 3 D -3 -1 ,  R u s t y  b e d s ,  

T e to n  C oun ty .

LEPTOLEPIDITES SP. B 

P l a t e  2 ,  f i g .  6

S p o re s  r a d i a l ;  t r i l e t e ;  o u t l i n e  r o u n d e d  t r i a n g u l a r ;  

t r i l e t e  s i m p l e ,  r a y s  e x t e n d  4 / 5  o f  d i s t a n c e  t o  s p o r e  m a r g i n ;  

w a l l  1 . 5 - 2 . 0  m i c r o n s  t h i c k ,  o r n a m e n t e d  w i t h  s m a l l ,  r o u n d e d ,  

v e r r u c o s e  p r o j e c t i o n s ,  1 t o  2 m i c r o n s  b r o a d ,  1 m i c r o n  o r  

l e s s  h i g h ;  o v e r a l l  d i a m e t e r  3 4 . 0 - 6 6 . 0  m i c r o n s .

D e s c r i p t i o n  b a s e d  on o n l y  t h r e e  s p e c i m e n s .

A f f i n i t y :  P r o b a b l y  f i l i c i n e a n .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  a s  a  t r a c e  i n  t h e

m i d d l e  p a r t  o f  t h e  F a l l  R i v e r  F o r m a t i o n ,  W es ton  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 4 K -6 -1 0 ,  F a l l

R i v e r  F o r m a t i o n ,  W es ton  C o u n ty .

Genus OSMUNDACIDITES C o u p e r ,  1953 

Type s p e c i e s :  O s m u n d a c i d i t e s  w e l l m a n i i  C o u p e r ,  1953 (p .  2 0 ,

p i .  1,  f i g .  5 ) .

OSMUNDACIDITES WELLMANII C o u p e r ,  1953 

P l a t e  2 ,  f i g .  7

S p o r e s  f rom  Wyoming w h ic h  h a v e  b e e n  a s s i g n e d  t o  t h i s



52
s p e c i e s  a p p e a r  s i m i l a r  t o  C o u p e r ' s  f i g u r e d  s p e c i m e n s .

A f f i n i t y :  Couper  (1958)  r e f e r r e d  t h i s  s p e c i e s  t o

t h e  Osmundaceae.

S t r a t i g r a p h i e  o c c u r r e n c e :  R a re  i n  t h e  R u s t y  b e d s ,

T e to n  C o u n ty ,  t h e  u p p e r  p a r t  o f  t h e  T h e r m o p o l i s  S h a l e ,  Big 

Horn  C o u n ty ,  and  i n  t h e  F a l l  R i v e r  and  S k u l l  C reek  Forma

t i o n s ,  Weston County .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 8 3 7 H -2 -6 ,  Thermopo-

l i s  S h a l e ,  B ig  Horn C o u n ty .

OSMUNDACIDITES SP. A 

P l a t e  2 ,  f i g .  8

S p o re s  r a d i a l ;  t r i l e t e ;  s u b s p h e r i c a l ;  t r i l e t e  s i m p l e ,  

r a y s  e x t e n d  t o  m a r g in  o f  s p o r e ;  w a l l  a p p r o x i m a t e l y  1 .5  

m i c r o n s  t h i c k ,  o r n a m e n te d  w i t h  s m o o th ,  s l i g h t l y  i r r e g u l a r  

v e r r u c a e ,  1 t o  3 m i c r o n s  b r o a d ,  2 m i c r o n s  h i g h ,  s m a l l e r  

v e r r u c a e  a p p e a r i n g  p a p i l l a t e ;  o v e r a l l  d i a m e t e r  3 0 . 0 - 3 8 . 0  

m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 6 3 5 B - 1 - 9 ,  S k u l l

C reek  S h a l e ,  Weston  C o u n ty ,  Wyoming. D im e n s io n s  3 0 . 5  x 3 0 .5  

X 3 0 . 5  m i c r o n s .

A f f i n i t y :  F i l i c i n e a n ,  p o s s i b l y  r e l a t e d  t o  t h e

O s m u n d a c ea e ,

Stratigraphie occurrence: Present in the Skull
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Creek S h a l e ,  Weston C o u n ty ,  and i n  t h e  T h e rm o p o l i s  S h a l e ,  

T e to n  Coun ty .

F i g u r e d  s p e c i m e n ;  S l i d e  No. OPC 6 3 5 B - 1 - 9 ,  S k u l l  

Creek  S h a l e ,  Weston C o u n ty .

Genus ANEMIIDXTES R o s s ,  1949 

Type s p e c i e s :  A n e m i i d i t e s  e c h i n a t u s  R o ss ,  1949 (p .  32 ,  p i .

1, f i g s  17 and  1 8 ) .

ANEMIIDITES ECHINATUS R o s s ,  1949 

P l a t e  2 ,  f i g .  9 

Ross  d e s c r i b e d  t h i s  s p e c i e s  f rom  t h e  C r e t a c e o u s  o f  

S c a n d i a .  Only  a few s p e c im e n s  o f  t h i s  s p e c i e s  w ere  o b s e r v e d  

i n  t h e  Wyoming Lower C r e t a c e o u s .

A f f i n i t y ;  P r o b a b l y  f i l i c i n e a n .

S t r a t i g r a p h i e  o c c u r r e n c e  : P r e s e n t  a s  a t r a c e  i n  t h e

F a l l  R i v e r  and  S k u l l  C reek  F o r m a t i o n s ,  Weston  C o u n ty .

F i g u r e d  s p e c i m e n ;  S l i d e  No, OPC 6 3 4 1 - 2 - 2 ,  F a l l  

R i v e r  F o r m a t i o n ,  Weston  C o u n ty .

ANEMIIDITES SP. A 

P l a t e  2 ,  f i g .  10 

S p o r e s  r a d i a l ;  t r i l e t e ;  r o u n d e d  t r i a n g u l a r ;  t r i l e t e  

r a y s  e x t e n d  t o  m a r g in  o f  s p o r e ,  l i p s  s l i g h t l y  t h i c k e n e d ;  

e x i n e  s p i n o s e ,  s p i n e s  1 ,5  m i c r o n s  t h i c k  a t  b a s e ,  1 . 5  t o  3 . 0
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m i c r o n s  l o n g ,  t a p e r i n g  t o  a  p o i n t ;  o v e r a l l  d i a m e t e r  1 6 .0  t o

2 1 . 0  m i c r o n s .

D e s c r i p t i o n  b a s e d  on o n l y  t h r e e  s p e c i m e n s .

A f f i n i t y r  P r o b a b l y  f i l i c i n e a n .

S t r a t i g r a p h i e  o c c u r r e n c e  : S k u l l  C reek  S h a l e ,  Weston

C o u n t y .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 6 - 1 - 2 ,  S k u l l

Creek  S h a l e ,  Weston " o u n t y .

Genus PILOSISPORITES D e l c o u r t  and  S p ru m o n t ,  1955 

Type s p e c i e s :  P i l o s i s p o r i t e s  t r i c h o p a p i l l o s u s  ( T h i e r g a r t ,

1949) D e l c o u r t  and  S p ru m o n t ,  1955 (p .  3 4 ,  p i .  

3 ,  f i g .  3 ) .

1949 S p o r i t e s  t r i c h o p a p i l l o s u s  T h i e r g a r t  

(p .  2 2 ,  p i .  IV/V,  f i g .  1 8 ) .

PILOSISPORITES TRICHOPAPILLOSUS ( T h i e r g a r t ,  1949) 

D e l c o u r t  and  S p ru m o n t ,  1955 

P l a t e  2 ,  f i g .  12 

T h i s  d i s t i n c t i v e  s p o r e  i s  common i n  t h e  R u s ty  beds  

and  i n  t h e  F a l l  R i v e r  F o r m a t i o n .  I n  t h i s  s p e c i e s ,  t h e  l o n g ,  

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

A f f i n i t y :  Unknown.

Stratigraphie occurrence: Present as a minor element
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i n  t h e  R u s t y  b e d s ,  T e to n  C o u n ty .  R a re  i n  t h e  R u s t y  b ed s  i n  

Hot S p r i n g s  County  and i n  t h e  F a l l  R i v e r  F o r m a t i o n ,  W eston  

C o u n t y .

F i g u r e d  s p e c im e n :  S l i d e  No. OPC 6 4 3 A -4 -2 ,  R u s ty

b e d s ,  T e t o n  C o u n ty .

PILOSISPORITES ERICIUS D e l c o u r t  and  S p ru m o n t ,  1955

P l a t e  2 ,  f i g .  11

I n  t h i s  s p e c i e s ,  t h e  s p i n o s e  p r o j e c t i o n s  a r e  e v e n l y  

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

t r a t e d  a t  t h e  c o r n e r s .  A c o n s i d e r a b l e  amount o f  g r a d a t i o n  

e x i s t s  b e tw e e n  t h e  t y p e  o f  o r n a m e n t a t i o n  shown by P. t r i c h o 

p a p i l l o s u s  and  t h i s  s p e c i e s .  As Couper  (1958)  s u g g e s t e d ,  

t h e  s e p a r a t i o n  o f  t h e  two s p e c i e s  may h a v e  l i t t l e  n a t u r a l  

v a l i d i t y .  However ,  t h e  two seem t o  be d i s t i n c t  i n  t h e  Wyo

ming s a m p le s  and  a r e  h e r e  r e g a r d e d  a s  s e p a r a t e  s p e c i e s .

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  R a re  i n  t h e  R u s t y  beds

and lo w e r  p a r t  o f  t h e  T h e r m o p o l i s  S h a l e ,  T e to n  C o u n ty ,  t h e  

R u s t y  b e d s ,  Hot  S p r i n g s  C o u n ty ,  an d  i n  t h e  F a l l  R i v e r  F o rm a

t i o n ,  W es ton  C oun ty .

Figured specimen: Slide No. OPC 634Q-5-4, Fall
River Formation, Weston County.
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/

I n f r a t u r m a  MURONATI P o t o n i e  and Kremp, 1954

Genus LYCOPODIACIDITES C o u p e r ,  1953 

Type s p e c i e s :  L y c o p o d i a c i d i t e s  b u l l e r e n s i s  C ouper ,  1953

(p .  2 6 ,  p l .  1,  f i g .  9 ) .

LYCOPODIACIDITES SP. A 

P l a t e  3 ,  f i g .  1

S p o re s  r a d i a l ;  t r i l e t e ;  s u b s p h e r i c a l ,  o u t l i n e  c i r 

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

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

o r n a m e n te d  w i t h  s h o r t ,  t h i c k ,  s i n u o u s  r i d g e s  and i r r e g u l a r  

v e r r u c o s e  p r o j e c t i o n s ,  r i d g e s  3 . 0  t o  3 . 5  m ic ro n s  w i d e ,  1 .5  

t o  2 . 0  m ic ro n s  h i g h ,  v e r r u c a e  1 .0  t o  3 . 0  m ic ro n s  b r o a d ,  1 .5  

t o  2 . 0  m ic ro n s  h i g h ;  o v e r a l l  d i a m e t e r  3 3 . 0 - 4 1 . 0  m i c r o n s .

Too few s p e c im e n s  w ere  s e e n  t o  w a r r a n t  t h e  d e s i g n a 

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

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

A f f i n i t y :  Couper  (1953)  s u g g e s t e d  p o s s i b l e  l y c o -

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

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  s p o r e  f l o r a

o f  t h e  S k u l l  Creek  S h a l e ,  Weston C o u n ty .

Figured specimen: Slide No. OPC 635A-1-3, Skull
Creek Shale, Weston County.
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LYCOPODIACIDITES SP, B 

P l a t e  3 ,  f i g s .  2 ,  3 ,  and  U

S p o r e s  r a d i a i ;  t r i l e t e ;  o u t l i n e  r o u n d e d  t r i a n g u l a r ,  

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

t h i c k e n e d ,  t r i l e t e  r a y s  e x t e n d  t o  m a r g in  o f  s p o r e ;  p r o x i m a l  

, s u r f a c e  l a e v i g a t e ,  o c c a s i o n a l l y  w i t h  low v e r r u c o s e  p r o j e c 

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

t h i c k  o u t e r  c o a t  1 0 - 2 . 5  m i c r o n s  t h i c k ,  o r n a m e n te d  w i t h  t h i n ,  

c o n t o r t e d  r i d g e s  and v e r r u c o s e  p r o j e c t i o n s ,  r i d g e s  and  v e r 

r u c a e  1 . 0 - 2 . 0  m i c r o n s  b r o a d ,  1 . 0 - 2 . 0  m i c r o n s  h i g h ;  o v e r a l l  

d i a m e t e r  2 6 . 0 - 4 5 . 0  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 6 4 4 A -5 -1 ,  T h e rm o p o ■

l i s  S h a l e ,  T e to n  C o u n ty ,  Wyoming. D im e n s io n s  2 7 . 9  x 2 7 . 4  x

2 6 . 5  m i c r o n s .

T h i s  s p e c i e s  i s  c h a r a c t e r i z e d  by t h e  t h i n ,  s u b r e t i c -  

u l a t e  n a t u r e  o f  t h e  d i s t a l  o r n a m e n t a t i o n .

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  R a re  i n  t h e  T e r m o p o l i s

S h a l e ,  T e t o n  C o u n ty ,  t h e  R u s ty  b e d s ,  T h e r m o p o l i s  S h a l e ,  and  

Muddy S a n d s t o n e ,  Hot S p r i n g s  and Big  Horn C o u n t i e s  and  i n  

t h e  S k u l l  C reek  S h a l e ,  W es ton  County

F i g u r e d  s p e c i e r a n s : S l i d e s  No. OPC 6 4 4 A - 5 -1 ,  T h e r 

m o p o l i s  S h a l e ,  T e to n  County  and  OPC 6 3 5 A -1 0 -2 ,  S k u l l  C reek
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S h a l e ,  W es ton  C o u n ty .

Genus CAMAROZONOSPORITES P o t o n i e ,  1956 emend. K l a u s ,  1960

Type s p e c i e s  : C a m a r o z o n o s p o r i t e s  c r e t a c e u s  (Weyland

a n d  K r i e g e r ,  1953) P o t o n i e ,  1956 

(p .  6 5 ,  p i .  9 ,  f i g .  8 5 ) .

1953 ,  R o t a s p o r a  c r e t a c e u s  Weyland and 

K r i e g e r  (p .  12, p i .  3 ,  f i g .  2 7 ) .  

CAMAROZONOSPORITES RUDIS ( L e s c h i k ,  1955) K l a u s ,  1960 

(p .  136 ,  p i .  2 9 ,  f i g s .  12,  14 and  16)

1955,  V e r r u c o s i s p o r i t e s  r u d i s  L e s c h i k  (p .  15,  p i .  1,

f i g .  1 5 ) .

T h i s  s p e c i e s  i s  c h a r a c t e r i z e d  by a  l a e v i g a t e  p r o x i m a l  

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

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

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

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

t h e  t r i l e t e  r a y s .  The Wyoming s p e c im e n s  a g r e e  i n  a l l  r e 

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

K la u s  ( 1 9 6 0 ) .

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e  : R a re  i n  t h e  u p p e r  p a r t  o f

the Thermopolis Shale in Teton and Big Horn Counties, also
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i n  t h e  Muddy S a n d s to n e  and  S h e l l  Creek  S h a l e ,  B ig  Horn 

C o u n ty ,  and  i n  t h e  F a l l  R i v e r ,  S k u l l  C r e e k ,  and N e w c a s t l e  

F o r m a t i o n s ,  Weston  C oun ty .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 8 3 8 B - 9 - 2 ,  Muddy

S a n d s t o n e ,  B ig  Horn C o u n ty ,  and  OPC 6 3 5 A -7 -6 ,  S k u l l  Creek 

S h a l e ,  W es ton  C oun ty .

Genus FOVEOTRILETES P o t o n i e ,  1956 

Type s p e c i e s :  F o v e o t r i l e t e s  s c r o b i c u l a t u s  (Ross,,  1949)

P o t o n i e ,  1956 (p .  4 3 ) .

1949 ,  T r i l e t e s  s c r o b i c u l a t u s  Ross  (p .  32 ,  p i .  

1,  f i g s .  5 - 7 ) .

FOVEOTRILETES SP.

P l a t e  3 ,  f i g .  7 

S p o r e s  r a d i a l ;  t r i l e t e ;  r o u n d e d  t r i a n g u l a r ,  s i d e s  

c o n v e x ;  t r i l e t e  s i m p l e ,  r a y s  e x t e n d  t o  m a r g i n  o f  sp o re ; ,  w a l l  

t h i c k ,  o r n a m e n t a t i o n  composed o f  d e e p ,  r o u n d e d  p i t s  1 m ic ro n  

o r  l e s s  i n  d i a m e t e r ,  s p a c e d  2 . 0 - 3 . 0  m i c r o n s  a p a r t ;  o v e r a l l  

d i a m e t e r  4 6 . 5 - 4 8 . 3  m i c r o n s .

Only t h r e e  s p e c im e n s  o f  t h i s  t y p e  w e re  s e e n .  

A f f i n i t y :  Unknown.

Stratigraphie occurrence: Skull Creek Shale, Weston
County.
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F i g u r e d  s p e c i m e n ;  S l i d e  No, OPC 6 3 6 - 4 - 2 .  S k u l l  

C reek  S h a l e ,  Weston C o u n ty .

Genus LYCOPODIUMSPORITES T h i e r g a r t ,  1938 

Type s p e c i e s :  L y c o p o d i u m s p o r i t e s  a g a t h o e c u s  ( P o t o n i e ,  1934)

T h i e r g a r t ,  1938 (p .  2 9 3 ,  p i .  2 2 ,  f i g s .  9 - 1 0 ) .  

1934,  S p o r i t e s  a g a t h o e c u s  P o t o n i ^  (p .  4 3 ,  

p i .  1 ,  f i g .  2 5 ) .

LYCOPODIUMSPORITES c f .  L. CLAVATOIDES C o u p e r ,  1958

P l a t e  3 ,  f i g .  8

S p o re s  r a d i a l ;  t r i l e t e ;  r o u n d e d  t r i a n g u l a r ;  t r i l e t e  

r a y s  d i s t i n c t ,  e x t e n d i n g  n e a r l y  t o  m a rg in  o f  s p o r e ;  d i s t a l  

s u r f a c e  r e t i c u l a t e ,  lumens o f  r e t i c u l u m  5 . 0 - 1 0 . 0  m ic ro n s  

w i d e ,  m u r i  t h i n  and  m em branous ,  4 . 0 - 7 . 0  m ic ro n s  h i g h ,  r e t i c u 

lum e x t e n d s  t o  c o n t a c t  a r e a  o f  p r o x i m a l  s u r f a c e ;  s p o r e  w a l l  

1 . 5  m ic ro n s  t h i c k ;  o v e r a l l  d i a m e t e r  3 0 . 0 - 4 0 . 6  m i c r o n s .

S p o re s  f i t t i n g  t h i s  d e s c r i p t i o n  a r e  f a i r l y  common i n  

some o f  t h e  Wyoming s a m p l e s  and  com pare  c l o s e l y  w i t h  Lyco- 

podium a u s t r o c l a v a t i d i t es  Cookson ,  1953 from A u s t r a l i a ,  and 

w i t h  L y c o p o d i u m s p o r i t e s  c l a v a t o i d e s  C ouper ,  1958 from t h e  

J u r a s s i c  and  Lower C r e t a c e o u s  o f  B r i t a i n .  T h e r e  seems t o  be 

no e s s e n t i a l  d i f f e r e n c e  b e tw e e n  C o o k s o n ' s  and C o u p e r ' s  

s p e c i e s  and t h e  two may be synonym ous .  C o u p e r ' s  s p e c i e s
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shows a  c o n s i d e r a b l e  r a n g e  o f  v a r i a t i o n  and c o u l d  e a s i l y  

c o n t a i n  t h e  Wyoming s p e c i m e n s ;  a c c o r d i n g l y  t h e y  h a v e  b e en  

t e n t a t i v e l y  a s s i g n e d  t o  L. c l a v a t o i d e s ,

A f f i n i t y :  P o s s i b l y  r e l a t e d  t o  t h e  g en u s  L y c o p o d iu m .

S t r a t i g r a p h i e  o c c u r r e n c e ;  R are  i n  t h e  s p o r e  f l o r a  

o f  t h e  R u s t y  beds  and T h e r m o p o l i s  S h a l e  i n  T e t o n ,  Hot S p r i n g s ,  

and B ig  Horn C o u n t i e s ,  a l s o  i n  t h e  S h e l l  C reek  S h a l e ,  Big 

Horn C o u n ty ,  and i n  t h e  F a l l  R i v e r  and S k u l l  C reek  Fo rm a

t i o n s ,  W es ton  C oun ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 5 A -1 0 -8 ,  S k u l l

Creek  S h a l e ,  Weston  C oun ty .

Genus CICATRICOSISPORITES P o t o n i e  and G e l l e t i c h ,  1933 

Type s p e c i e s  : C i c a t r i c o s i s p o r i t e s  d o r o g e n s i s  P o t o n i ^  and

G e l l e t i c h ,  1933 (p .  522 ,  p i .  1,  f i g s .  1 - 5 ) .

CICATRICOSISPORITES DOROGENSIS P o t o n i /  and  G e l l e t i c h ,  1933

P l a t e  3 ,  f i g .  13 

T h i s  i s  t h e  m ost  a b u n d a n t  s p e c i e s  o f  C i c a t r i c o s i 

s p o r i t e s  i n  t h e  Wyoming Lower C r e t a c e o u s .  S p o r e s  r e f e r r e d  

t o  t h i s  s p e c i e s  h a v e  s m o o th ,  s t r a i g h t ,  r o u n d e d  r i b s  a b o u t  

one m i c r o n  w id e  and  s p a c e d  1 . 0 - 1 . 5  m i c r o n s  a p a r t .  The r i b s  

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

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



62
t h e  Wyoming s p e c im e n s  i s  a b o u t  3 9 .0  m i c r o n s .

A f f i n i t y :  S p o re s  o f  t h i s  t y p e  r e s e m b l e  t h o s e  o f  t h e

modern  g en u s  A n e m ia , a  s c h i z a e a c e a n  f e r n .

S t r a t i g r a p h i e  o c c u r r e n c e :  R a re  t o  a b u n d a n t  i n  a l l

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

s p e c i e s  o c c u r s  i n  t h e  R u s t y  b ed s  i n  T e to n  and Hot S p r i n g s  

C o u n t i e s ,  and  i n  t h e  F a l l  R i v e r  F o r m a t i o n ,  Weston  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No, OPC 6 3 5 A -1 -1 ,  S k u l l

C reek  S h a l e ,  W es ton  C o u n ty .

CICATRICOSISPORITES SP. A 

P l a t e  3 ,  f i g s .  10 and 11

S p o r e s  r a d i a l :  t r i l e t e ;  r o u n d l y  t r i a n g u l a r ;  t r i l e t e  

s i m p l e ,  r a y s  r e a c h  n e a r l y  t o  s p o r e  m a r g in ;  p r o x i m a l  c o n t a c t  

a r e a  l a e v i g a t e ,  d i s t a l  s i d e  and  p e r i p h e r a l  a r e a s  o f  p r o x i m a l  

s i d e  o r n a m e n t e d  by low,  f i n e  r i b s ,  l e s s  t h a n  1 m i c r o n  h i g h ,  

l e s s  t h a n  1 m i c r o n  b r o a d ,  s p a c e d  l e s s  t h a n  1 m ic ro n  a p a r t ;  

o v e r a l l  d i a m e t e r  2 0 . 0 - 2 6 . 0  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 6 3 6 - 5 - 1 ,  S k u l l

C ree k  S h a l e ,  W es ton  C o u n ty .  D im e n s io n s  2 5 . 4  x 2 5 . 4  x  2 5 . 4  

m i c r o n s .

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

t i n g u i s h  i t  f rom  p r e v i o u s l y  d e s c r i b e d  f o rm s .

A f f i n i t y :  P r o b a b l y  r e l a t e d  t o  t h e  S c h i z a e a c e a e ,
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p o s s i b l y  t o  t h e  g e n e r a  Anemia o r  M o h r i a .

S t r a t i g r a p h i e  o c c u r r e n c e :  R a r e  i n  t h e  R u s t y  b e d s ,

T h e r m o p o l i s  S h a l e ,  and  Muddy S a n d s t o n e ,  T e to n  C o u n ty ,  and  i n  

t h e  F a l l  R i v e r  and  S k u l l  Greek F o r m a t i o n s ,  Weston  C o u n ty .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 6 3 6 - 5 - 1 ,  S k u l l

C reek  S h a l e ,  Weston C o u n ty ,  and OPC 6 4 3 A -1 0 -2 ,  R u s ty  b e d s ,  

T e to n  C o u n ty .

CICATRICOSISPORITES SP. B 

P l a t e  3 ,  f i g .  12

S p o r e s  r a d i a l ;  t r i l e t e ;  r o u n d e d  t r i a n g u l a r ;  t r i l e t e  

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

s m o o th ,  s t r a i g h t ,  and  r o u n d e d ,  some b i f u r c a t i n g ,  2 . 0 - 4 . 0  

m i c r o n s  t h i c k ,  s p a c e d  1 . 0 - 2 . 0  m i c r o n s  a p a r t ,  1 . 0  m i c r o n  o r  

l e s s  h i g h ;  o v e r a l l  d i a m e t e r  3 5 . 0 - 5 9 . 0  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 6 4 3 A -3 -4 ,  R u s ty

b e d s ,  T e t o n  C o u n ty ,  Wyoming. D im e n s io n s  5 0 . 8  x 5 3 . 3  x 5 8 .3  

m i c r o n s .

T h i s  s p e c i e s  r e s e m b l e s  C. s e w a r d i  D e l c o u r t  and  S p r u 

m o n t ,  1955 ,  b u t  i s  c o n s i d e r a b l y  s m a l l e r  t h a n  t h e  s i z e  r a n g e  

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

A f f i n i t y :  P r o b a b l y  a s c h i z a e a c e a n  s p o r e ;  t h e  o r n a 

m e n t a t i o n  i s  s i m i l a r  t o  t h a t  o f  s p o r e s  o f  t h e  m odern  genus  

Anemia .
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S t r a t i g r a p h i e  o c c u r r e n c e :  R a re  i n  t h e  R u s ty  b ed s

and  T h e r m o p o l i s  S h a l e ,  T e to n  C oun ty ,  t h e  R u s t y  beds  i n  Hot 

S p r i n g s  C o u n ty ,  and  i n  t h e  F a l l  R i v e r  and  S k u l l  Creek  F orm a

t i o n s ,  Weston C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 4 3 A -3 -4 ,  R u s ty

b e d s ,  T e to n  C oun ty .

CICATRICOSISPORITES SP. C 

P l a t e  3 ,  f i g .  9

S p o re s  r a d i a l ;  t r i l e t e ;  r o u n d l y  t r i a n g u l a r ;  t r i l e t e  

s i m p l e ,  r a y s  e x t e n d  t o  m a r g in  o f  s p o r e ;  p r o x i m a l  and d i s t a l  

o r n a m e n t a t i o n  composed o f  r i b s  p a r a l l e l  t o  m a r g in  o f  s p o r e ,  

r i b s  2 . 0  m ic ro n s  w i d e ,  s p a c e d  3 . 0 - 4 . 0  m i c r o n s  a p a r t ;  e a c h  

r i b  b e a r s  a  row o f  b l u n t ,  r o d l i k e  p r o c e s s e s ,  2 . 0 - 4 . 5  m i c r o n s  

l o n g ,  1 . 0 - 2 . 5  m i c r o n s  i n  d i a m e t e r ;  o v e r a l l  d i a m e t e r  3 0 . 5 -

3 5 . 6  m i c r o n s .

Only one s p e c im e n  o f  t h i s  s p o r e  t y p e  was s e e n .  The 

o r n a m e n t a t i o n  i s  so  s t r i k i n g ,  h o w e v e r ,  t h a t  i t s  o c c u r r e n c e  

i s  h e r e  n o t e d .  The s p o r e s  o f  two modern s p e c i e s  o f  Anemia 

p o s s e s s  o r n a m e n t a t i o n  o f  t h i s  t y p e ;  t h e s e  a r e  A. l a x a  and  A. 

p h y l l i t i d e s .

A f f i n i t y :  S c h i z a e a c e a n ,  r e s e m b l i n g  s p o r e s  o f  t h e

g e n u s  A n em ia .

Stratigraphie occurrence: One specimen was observed
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i n  s am p le  6 3 4 1 ,  F a l l  R i v e r  F o r m a t i o n ,  W es ton  C oun ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 4 1 - 4 - 1 ,  F a l l

R i v e r  F o r m a t i o n ,  W es ton  C oun ty ,

CICATRICOSISPORITES c f .  C. BREVILAESURATUS C o u p e r ,  1958

P l a t e  3 ,  f i g .  14 

T h i s  s p o r e  t y p e  i s  s i m i l a r  t o  C o u p e r ' s  s p e c i e s  e x 

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

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

f rom  t h e  W ea lden  and A p t i a n  o f  B r i t a i n .

A f f i n i t y :  P r o b a b l y  S c h i z a e a c e a n .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  o n l y  a s  a  t r a c e

i n  t h e  S k u l l  C reek  S h a l e ,  W es ton  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No, OPC 6 3 5 A -1 -2 3 ,  S k u l l

C reek  S h a l e ,  W es ton  C o u n ty .

Genus TAUROCUSPORITES S t o v e r ,  1962 

Type s p e c i e s :  T a u r o c u s p o r i t e s  s e g m e n t a t u s  S t o v e r ,  1962 (p .

56 ,  p i ,  1,  f i g s .  1 -1 4 )

TAUROCUSPORITES SEGMENTATUS S t o v e r ,  1962 

P l a t e  4 ,  f i g .  3 

S t o v e r  d e s c r i b e d  t h i s  s p e c i e s  f rom  t h e  Lower C r e t a 

ce o u s  o f  M a ry l a n d .  Spec im ens  f rom  Wyoming w h ic h  h a v e  b ee n  

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

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  lo w e r  p a r t

o f  t h e  T h e r m o p o l i s  S h a l e ,  T e t o n  C o u n ty ,  and  i n  t h e  F a l l  

R i v e r  and  S k u l l  C reek  F o r m a t i o n s  i n  W eston  C o u n ty ,

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 4 Q -1 -4 ,  F a l l

R i v e r  F o r m a t i o n ,  W es ton  C o u n ty .

TAUROCUSPORITES REDUNCUS ( B o l k h o v i t i n a , 1953) S t o v e r ,  1962

p.  5 7 ,  p i .  1,  f i g s .  1 5 -2 1 )

P l a t e  4 ,  f i g .  1 

1953 ,  C h o m o t r i l e t e s  r e d u n c u s  B o l k h o v i t i n a  (p .  3 5 ,  p i .  3 ,

f i g s .  2 3 - 2 4 )

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

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

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e  : P r e s e n t  a  i a  v e r y  r a r e

e l e m e n t  o f  t h e  s p o r e  f l o r a  o f  t h e  Muddy S a n d s t o n e ,  T e to n  

Coun ty  and  t h e  F a l l  R i v e r  a n d  lo w e r  S k u l l  C reek  F o r m a t i o n s ,  

W es ton  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 4 0 - 1 - 1 ,  F a l l

R i v e r  F o r m a t i o n ,  W es ton  C o u n ty .
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Genus KLUKISPORITES C o u p e r ,  1958 

Type s p e c i e s :  K l u k i s p o r i t e s  v a r i e g a t u s  C o u p e r ,  1958 (p .  137,

p i .  19 ,  f i g s .  6 - 7 ) .

KLUKISPORITES VARIEGATUS C o u p e r ,  1958 

P l a t e  4 ,  f i g .  2 

S p o re s  f rom Wyoming w h ic h  a r e  h e r e  d e s i g n a t e d  K. 

v a r i e g a t u s  a g r e e  i n  e v e r y  r e s p e c t  w i t h  C o u p e r ' s  d e s c r i p t i o n  

o f  t h e  s p e c i e s .  Couper  d e s c r i b e d  t h i s  s p e c i e s  f rom  t h e  Mid

d l e  J u r a s s i c  o f  Y o r k s h i r e .

A f f i n i t y :  Couper  (1958)  s t a t e d  t h a t  t h i s  s p e c i e s  i s

s i m i l a r  t o  s p o r e s  r e c o v e r e d  f rom  t h e  J u r a s s i c  s c h i z a e a c e o u s  

p l a n t s  K l u k i a  e x i l i s  and  S t a c h y p t e r i s  h a l l e i .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  R u s ty  b e d s ,

T e t o n  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 4 3 A - 4 - 2 , R u s ty

b e d s ,  T e to n  C o u n ty ,

KLUKISPORITES PSEUDORETICULATUS C o u p e r ,  1958 

P l a t e  4 ,  f i g .  6 

T h i s  s p e c i e s  i s  e a s i l y  r e c o g n i z a b l e  by i t s  t h i c k  

w a l l  and  f o v e o r e t i c u l a t e  s c u l p t u r e  on t h e  d i s t a l  s i d e .  The 

g e n u s  K l u k i s p o r i t e s  i s  r a r e  i n  t h e  Wyoming Lower C r e t a c e o u s  

and  t h i s  i s  t h e  m os t  a b u n d a n t  s p e c i e s  p r e s e n t .

A f f i n i t y :  P r o b a b l y  a s c h i z a e a c e a n  s p o r e .
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S t r a t i g r a p h i e  o c c u r r e n c e ;  P r e s e n t  a s  a  r a r e  e l e m e n t  

i n  t h e  R u s t y  b e d s  and  lo w e r  T h e r m o p o l i s  S h a l e  i n  T e t o n  C o u n ty ,  

t h e  u p p e r  T h e r m o p o l i s  S h a l e  i n  Big  Horn C o u n ty ,  and  i n  t h e  

F a l l  R i v e r  F o r m a t i o n  i n  W eston  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No, OPC 8 4 0 A -2 -1 ,  Thermopo-

l i s  F o r m a t i o n ,  T e t o n  C o u n ty .

/
Turma ZONALES B e n n ie  and K i d s t o n ,  1886,  emend. P o t o n i e ,  1956 

S ub tu rm a  AURITOTRILETES P o t o n i ^  and  Kremp, 1954

I n f r a t u r m a  AURICULATI S c h o p f ,  1938 emend.

P o t o n i ^  and  Kremp, 1954

Genus TRILOBOSPORITES Vot on i e ,  1956 

Type s p e c i e s  : T r i l o b o s p o r i t e s  h a n n o n i c u s  ( D e l c o u r t  and

S p r u m o n t , 1955) P o t o n i / ,  1956 (p .  5 5 ) .

1955,  C o n c a v i s p o r i t e s  h a n n o n i c u s  D e l c o u r t  and 

Sprumont  (p .  2 4 ,  p i .  2 ,  f i g .  3 ) .

TRILOBOSPORITES c f .  T. APIVERRUCATUS C o u p e r ,  1958

P l a t e  4 ,  f i g .  5

S p o r e s  r a d i a l ;  t r i l e t e ;  o u t l i n e  t r i a n g u l a r ,  c o r n e r s  

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

3 / 4  s p o r e  r a d i u s ,  l i p s  t y p i c a l l y  t h i c k e n e d ;  w a l l  2 . 0 - 2 , 5  

m i c r o n s  t h i c k ;  o r n a m e n t a t i o n  s c a b r a t e  t o  v e r r u c o s e ,  c o r n e r s
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b e a r  s t r o n g l y  d e v e l o p e d  v e r r u c o s e  p r o j e c t i o n s ,  1 . 5 - 4 . 0  

m i c r o n s  b r o a d ,  1 . 0 - 4 . 0  m i c r o n s  h i g h ,  p r o x i m a l  and d i s t a l  

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

v e r r u c o s e ,  v e r r u c a e  o c c a s i o n a l l y  j o i n  t o  fo rm  s l i g h t  l o p h a t e  

s t r u c t u r e ;  o v e r a l l  d i a m e t e r  4 0 . 0 - 6 1 . 0  m i c r o n s .

T h i s  s p o r e  t y p e  i s  s i m i l a r  t o  C o u p e r ' s  s p e c i e s  w i t h  

t h e  e x c e p t i o n  o f  t h e  s m a l l e r  s i z e  r a n g e  (Couper  g a v e  t h e  

s i z e  r a n g e  o f  T. a p i v e r r u c a t u s  a s  6 0 -1 0 0  m i c r o n s )  and  t h e  

d e v e l o p m e n t  o f  l o p h a t e  s t r u c t u r e s  a t  t h e  c o r n e r s .  G ro o t  and 

Penny (1 9 5 5 ,  p .  230)  r e f e r r e d  a  g r o u p  o f  s p o r e s  f rom  t h e  

Lower C r e t a c e o u s  o f  M ary lan d  t o  JÇ. a p i v e r r u c a t u s  and  t h e s e  

f a l l  i n t o  t h e  s i z e  r a n g e  o f  t h e  Wyoming s p e c i m e n s .

A f f i n i t y :  R esem bles  s p o r e s  o f  t h e  f e r n  g en u s  C r y p t o -

gramma o f  t h e  f a m i l y  P o l y p o d i a c e a e . Couper  (1958)  s u g g e s t e d  

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

S t r a t i g r a p h i e  o c c u r r e n c e :  R a re  i n  t h e  R u s ty  beds

and  lo w e r  T h e r m o p o l i s  S h a l e  i n  T e t o n  C o u n ty .  Q u i t e  r a r e  i n  

t h e  R u s ty  b e d s .  Hot S p r i n g s  C o u n ty ,  and  i n  t h e  T h e r m o p o l i s  

S h a l e ,  B ig  Horn  C o u n ty .  P r e s e n t  i n  t h e  L a k o t a ,  F a l l  R i v e r ,  

l o w e r  S k u l l  C r e e k ,  and  N e w c a s t l e  F o r m a t i o n s  i n  W eston  C o u n ty .

Figured specimen: Slide No. OPC 6341-7-2, Fall
River Formation, Weston County.
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TRILOBOSPORITES TRIORETICULOSUS Cookson and  D e t tm a n n ,  1957

P l a t e  4 ,  f i g .  4 

S p o r e s  r a d i a l ;  t r i l e t e ;  o u t l i n e  t r i a n g u l a r ,  s i d e s  

s t r a i g h t  t o  c o n v e x ,  c o r n e r s  r o u n d e d ;  t r i l e t e  r a y s  e x t e n d  3 / 4  

s p o r e  r a d i u s ,  l i p s  t h i c k e n e d ;  w a l l  2 . 0 - 3 . 0  m i c r o n s  t h i c k ;  

p r o x i m a l  and  d i s t a l  p o l a r  a r e a s  s c a b r a t e ,  c o r n e r s  o r n a m e n te d  

by l o p h a t e  r i d g e s  w h ic h  j o i n  t o  fo rm  a s h a l l o w  r e t i c u l a t e

p a t t e r n ,  r i d g e s  3 . 0 - 7 . 0  m i c r o n s  b r o a d ,  2 . 0 - 4 . 0  m i c r o n s  h i g h ;

o v e r a l l  d i a m e t e r  5 0 -6 6  m i c r o n s .

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

by t h e  a b s e n c e  o f  v e r r u c a e  and  t h e  p r e s e n c e  o f  a  r e t i c u l u m

a t  t h e  c o r n e r s .  The s i z e  r a n g e  o f  t h e  Wyoming s p e c i m e n s  i s

s l i g h t l y  l e s s  t h a n  t h a t  g i v e n  by Cookson an d  D e t tm a n n  (70 -85  

m i c r o n s ) .

A f f i n i t y :  P r o b a b l y  f i l i c i n e a n .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  R u s t y  b e d s ,  

T e to n  C o u n ty ,  and  i n  t h e  N e w c a s t l e  F o r m a t i o n ,  W es ton  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  6 3 7 J - 2 - 4 ,  N e w c a s t l e  Forma

t i o n ,  W es ton  C o u n ty .

TRILOBOSPORITES SP. A 

P l a t e  4 ,  f i g .  7 

S p o r e s  r a d i a l ;  t r i l e t e ;  o u t l i n e  t r i q u e t e ,  s i d e s  

d e e p l y  c o n c a v e ,  c o r n e r s  b r o a d l y  r o u n d e d ;  t r i l e t e  r a y s  e x t e n d
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2 / 3 - 3 / A  r a d i u s  o f  s p o r e ,  l i p s  s l i g h t l y  t h i c k e n e d ;  s p o r e  w a l l

2 . 0 - 2 . 5  m ic ro n s  t h i c k ;  e c t o e x i n e  l a e v i g a t e ,  e n d o e x i n e  v e r y  

m i n u t e l y  r e t i c u l a t e ;  w a l l  3 . 0 - 3 . 5  m i c r o n s  t h i c k  a t  c o r n e r s ,  

c o r n e r s  o r n a m e n te d  by low,  l o p h a t e  r i d g e s  and  i r r e g u l a r ,  

l o p h a t e  p i t s ,  f o r m i n g  a r e t i c u l u m ;  o v e r a l l  d i a m e t e r  4 7 . 0 -

8 2 . 0  m i c r o n s .

T y p i c a l  s p e c i m e n ;  S l i d e  No. OPC 6 3 7 J - 3 - 1 ,  N e w c a s t l e  

F o r m a t i o n ,  W es ton  C o u n ty ,  Wyoming; d i m e n s i o n s :  7 2 .0  x 6 9 . 5  x

6 8 . 6  m i c r o n s .

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

s c r i b e d  fo rm s  by t h e  r e t i c u l u m  fo rm ed  a t  t h e  c o r n e r s ,  by t h e  

t r i q u e t e  s h a p e ,  and by t h e  i n f r a r e t i c u l a t e  n a t u r e  o f  t h e  

s p o r e  w a l l .  Under  low m a g n i f i c a t i o n ,  t h e  i n f r a r e t i c u l u m  

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

A f f i n i t y :  P r o b a b l y  f i l i c i n e a n .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  o n l y  i n  s a m p le

637J  o f  t h e  N e w c a s t l e  F o r m a t i o n ,  W es ton  C oun ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 7 J - 3 - 1 ,  N e w c a s t l e

F o r m a t i o n ,  Weston  C oun ty .

I n f r a t u r m a  APPENDICIFER Poton ie^ ,  1956

Genus APPENDICISPORITES Weyland and  K r e i g e r ,  1953 

Type s p e c i e s  : A p p e n d i c i s p o r i t e s  t r i c u s p i d a t u s  Weyland and
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K r e i g e r ,  1953 (p .  4 2 ,  p l .  11 ,  f i g .  5 4 ) .

APPENDICISPORITES TRICORNITATUS Weyland and G r e i f e l d ,  1953

P l a t e  4 ,  f i g .  10

T h i s  s p e c i e s  i s  c h a r a c t e r i z e d  by a p i c a l  p r o c e s s e s  

w h ic h  t h e  a u t h o r s  h a v e  d e s c r i b e d  a s  t h i m b l e l i k e  ( f i n g e r -  

h u t a r t i g ) . A d e s c r i p t i o n  o f  s p o r e s  f rom t h e  Lower C r e t a c e o u s  

o f  Wyoming w h ich  h a v e  b ee n  r e f e r r e d  t o  t h i s  s p e c i e s  f o l l o w s  :

S p o re s  r a d i a l ;  t r i l e t e ;  r o u n d e d  t r i a n g u l a r ,  s i d e s  

s t r a i g h t  t o  c o n v e x ;  t r i l e t e  s i m p l e ,  r a y s  e x t e n d  n e a r l y  t o  

m a r g in  o f  s p o r e ,  l i p s  s l i g h t l y  t h i c k e n e d ;  o r n a m e n t a t i o n  c o n 

s i s t s  o f  r i b s  p a r a l l e l  t o  s i d e s ,  r i b s  smooth  and  r o u n d e d ,

2 . 0 - 5 . 0  m i c r o n s  b r o a d ,  s p a c e d  2 . 0 - 5 . 0  m ic ro n s  a p a r t ;  c o n t a c t  

a r e a  o f  p r o x i m a l  s i d e  sm o o th ;  a p i c a l  p r o c e s s e s  5 . 0 - 1 0 . 0  

m i c r o n s  l o n g ,  p r o c e s s e s  b l u n t  and  r o u n d e d ;  o v e r a l l  d i a m e t e r

4 0 . 0 - 5 9 . 0  m i c r o n s .

A f f i n i t y :  P r o b a b l y  a s c h i z a e a c e o u s  f e r n  s p o r e .

S t r a t i g r a p h i e  o c c u r r e n c e ;  R a re  i n  t h e  R u s t y  b e d s ,  

T e to n  an d  Hot S p r i n g s  C o u n t i e s ,  and  i n  t h e  T h e r m o p o l i s  S h a l e ,  

T e t o n  C o u n ty ,  a l s o  i n  t h e  F a l l  R i v e r  F o r m a t i o n  and  lo w e r  

p a r t  o f  t h e  S k u l l  C reek  S h a l e ,  W es ton  C oun ty .

Figured specimen: Slide No. OPC 635B-5-1, Skull
Creek Shale, Weston County.
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APPENDICISPORITES c f .  A. TRICEPS 

Weyland and  K r i e g e r ,  1953 

P l a t e  4 ,  f i g .  9

S p o r e s  r a d i a l ;  t r i l e t e ;  r o u n d e d  t r i a n g u l a r ,  s i d e s  

s t r a i g h t  t o  c o n v e x ;  t r i l e t e  s i m p l e ,  r a y s  e x t e n d  n e a r l y  t o  

m a r g i n ;  p r o x i m a l  c o n t a c t  a r e a  l a e v i g a t e ,  d i s t a l  o r n a m e n t a t i o n  

composed o f  s m o o th ,  r o u n d e d  r i b s  a r r a n g e d  p a r a l l e l  t o  t h e  

s i d e s ,  r i b s  2 . 0 - 4 . 0  m i c r o n s  b r o a d ,  s p a c e d  1 . 0 - 2 . 0  m i c r o n s  

a p a r t ;  c o r n e r s  t h i c k e n e d ,  t h i c k e n i n g s  5 -6  m i c r o n s  b r o a d ,  5 - 6  

m i c r o n s  h i g h ,  t y p i c a l l y  n o t  p r o j e c t i n g  f a r  beyond  e q u a t o r i a l  

c o n t o u r  o f  s p o r e  and  m e r g in g  w i t h  t h e  e q u a t o r i a l  c o n t o u r  a t  

a  low a n g l e ;  o v e r a l l  d i a m e t e r  3 0 . 0 - 5 9 . 0  m i c r o n s .

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

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

r i b s  a r e  more  c l o s e l y  s p a c e d .

A f f i n i t y ;  S c h i z a e a c e a n .  T h i s  s p e c i e s  r e s e m b l e s  

s p o r e s  o f  some s p e c i e s  o f  t h e  g e n u s  A n e m ia .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  a s  a  t r a c e  i n  t h e

R u s ty  b e d s ,  T e to n  and  Hot S p r i n g s  C o u n t i e s ,  and  i n  t h e  

T h e r m o p o l i s  S h a l e ,  B ig  H orn  C o u n ty .  R a re  i n  t h e  F a l l  R i v e r  

and  S k u l l  C reek  F o r m a t i o n s ,  W es ton  C o u n ty .

Figured specimen: Slide No. OPC 643B-9-7, Rusty
b e d s ,  T e t o n  C o u n ty .
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APPENDICISPORITES SP.

P l a t e  4 ,  f i g .  11

S p o r e s  r a d i a l ;  t r i l e t e ;  r o u n d e d  t r i a n g u l a r ,  s i d e s  

s t r a i g h t  t o  c o n v e x ;  t r i l e t e  r a y s  e x t e n d  n e a r l y  t o  m a r g i n ,  

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

l a e v i g a t e ,  d i s t a l  s i d e  o r n a m e n te d  w i t h  r i b s  p a r a l l e l  t o  t h e  

s i d e s ,  r i b s  2 - 3  m i c r o n s  b r o a d ,  s p a c e d  2 - 4  m i c r o n s  a p a r t ,  

a p i c a l  p r o j e c t i o n s  r o d l i k e ,  r o u n d e d  a t  t i p s ,  d i a m e t e r  3 -4  

m i c r o n s ,  l e n g t h  7 -2 0  m i c r o n s ;  o v e r a l l  d i a m e t e r  3 - 4  m i c r o n s .

Two few s p e c i m e n s  o f  t h i s  s p o r e  t y p e  w e re  s e e n  t o  

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

a r e  somewhat l o n g e r  t h a n  t h o s e  o f  A, t r i c o r n i t a t u s , a v e r a g i n g  

1 / 3 - 1 / 2  t h e  d i a m e t e r  o f  t h e  s p o r e .

A f f i n i t y :  P r o b a b l y  a  s c h i z a e a c e o u s  f e r n  s p o r e .

S t r a t i g r a p h i e  o c c u r r e n c e :  R a re  i n  t h e  R u s t y  b e d s ,

u p p e r  T h e r m o p o l i s  S h a l e ,  and  Muddy S a n d s t o n e ,  T e to n  C o u n ty .  

P r e s e n t  a s  a  t r a c e  i n  t h e  lo w e r  p a r t  o f  t h e  S k u l l  C reek  

S h a l e ,  W es ton  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 8 4 0 D -3 -6 ,  Thermopo-

l i s  S h a l e ,  T e t o n  C o u n ty .
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Subturm a ZONOTRILETES W a l t z ,  1935 

I n f r a t u r m a  CIMGULATI P o t o n i ^  and  K l a u s ,  1954

Genus CINGULATISPORITES Thomson,  1953 

Type s p e c i e s  : C i n g u l a t i s p o r i t e s  l e v i s p e c i o s u s  P f l u g  i n

Thomson an d  P f l u g ,  1953 (p .  5 8 ,  p i .  1 ,  f i g .

6 ) .

CINGULATISPORITES LEVISPECIOSUS P f l u g ,  1953 

P l a t e  4 ,  f i g .  8 

T h i s  s p o r e  t y p e  i s  c o m p a r a b l e  t o  C. l e v i s p e c i o s u s  

e x c e p t  t h a t  i t  i s  4 o r  5 m i c r o n s  s m a l l e r  t h a n  t h e  l o w e s t  

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

A f f i n i t y : ,  C. l e v i s p e c i o s u s  r e s e m b l e s  s p o r e s  o f  t h e  

b r y o p h y t e  g e n u s  Sphagnum.

S t r a t i g r a p h i e  o c c u r r e n c e :  R a re  i n  t h e  T h e r m o p o l i s

S h a l e  and  Muddy S a n d s t o n e ,  T e t o n  C o u n ty ,  t h e  R u s ty  beds  an d  

T h e r m o p o l i s  S h a l e  i n  Hot S p r i n g s  and  B ig  Horn C o u n t i e s ,  and  

i n  t h e  F a l l  R i v e r ,  S k u l l  C r e e k ,  and  N e w c a s t l e  F o r m a t i o n s  i n  

W eston  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 8 4 0 D -3 -4 ,  Thermopo-

l i s  S h a l e ,  T e t o n  C o u n ty .

CINGULATISPORITES cf. C, PSEUDOALVEOLATUS Couper, 1958
P l a t e  5 ,  f i g .  1
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S p o r e s  r a d i a l ;  t r i l e t e ;  r o u n d e d  t r i a n g u l a r ;  t r i l e t e  

r a y s  e x t e n d  t o  m a r g in  o f  s p o r e ,  l i p s  t h i c k e n e d ;  s p o r e  w a l l  

o r n a m e n te d  w i t h  d e e p  p i t s ,  p i t s  l e s s  t h a n  one  m i c r o n  i n  d ia m 

e t e r ,  s p a c e d  2 - 3  m i c r o n s  a p a r t ;  c i n g u l u m  3 - 4  m i c r o n s  w i d e ,  

l a e v i g a t e  and  membranous;  d i a m e t e r  e x c l u s i v e  o f  c i n g u l u m  38- 

46 m i c r o n s ,  d i a m e t e r  i n c l u d i n g  c in g u lu m  4 5 - 5 1  m i c r o n s .

I n  d e s c r i b i n g  t h e  s u r f a c e  o r n a m e n a t i o n  o f  C. p s e u d o - 

a l v e o l a t u s  Couper  (1958)  m e n t io n e d  t h e  p r e s e n c e  o f  s h o r t ,  

t h i c k ,  t r u n c a t e d  p a p i l l a e  w h ich  a p p e a r  a s  s m a l l  p i t s  i n  s u r 

f a c e  v ie w .  The Wyoming s p e c im e n s  a r e  d e f i n i t e l y  p u n c t a t e ,  

t h e  m a r g in s  o f  t h e  s p o r e  body a p p e a r  s e r r a t e ,  h o w e v e r ,  and  t h e  

a r e a  b e tw e e n  t h e  p i t s ,  s e e n  i n  s e c t i o n ,  may be w ha t  Couper  r e 

f e r r e d  t o  a s  p a p i l l a e .  B ecau se  t h e  s p o r e s  d e s c r i b e d  a b o v e  

a g r e e  w i t h  C o u p e r ' s  s p e c i e s  i n  a l l  o t h e r  r e s p e c t s ,  t h e y  h a v e  

b e e n  t e n t a t i v e l y  a s s i g n e d  t o  C. p s e u d o a l v e o l a t u s .

A f f i n i t y :  Unknown, p r o b a b l y  f i l i c i n e a n .

S t r a t i g r a p h i e  o c c u r r e n c e :  R a r e  i n  t h e  T h e r m o p o l i s

S h a l e ,  T e t o n  and  B ig  Horn C o u n t i e s ,  a n d  i n  t h e  F a l l  R i v e r  

F o r m a t i o n ,  W es ton  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 4 0 - 1 - 2 ,  F a l l  R i v e r

F o r m a t i o n ,  W eston  Coun ty .

CINGULATISPORITES PROBLEMATICUS C o u p e r ,  1958 

P l a t e  5 ,  f i g .  2
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C ouper  d e s c r i b e d  t h i s  s p e c i e s  f rom  t h e  M id d le  and  

Upper  J u r a s s i c  and  Lower C r e t a c e o u s  o f  Y o r k s h i r e .  H is  i l l u s 

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

a b l e  v a r i a t i o n  i n  o r n a m e n t a t i o n .  The o r n a m e n t a t i o n  o f  s p e c i 

mens f rom  Wyoming w h ich  h a v e  b e en  a s s i g n e d  t o  t h i s  s p e c i e s  

i s  composed o f  low, l o p h a t e  r i d g e s  on t h e  d i s t a l  s i d e .  The 

p r o x i m a l  s i d e  i s  e s s e n t i a l l y  l a e v i g a t e  b u t  some s p e c im e n s  

s lo w  a s l i g h t  d e v e l o p m e n t  o f  p r o x i m a l  l o p h a t e  s c u l p t u r e .

A f f i n i t y :  Unknown, p r o b a b l y  f i l i c i n e a n .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  Thermopo-

l i s  S h a l e ,  T e to n  Coun ty  a n d  i n  t h e  F a l l  R i v e r  and  S k u l l  

C re e k  F o r m a t i o n s ,  Weston  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 8 4 0 C - 1 - 3 ,  Thermopo-

l i s  S h a l e ,  T e to n  C o u n ty .   ̂ ,

CINGULATISPORITES SP. A 

P l a t e  5 ,  f i g .  3

S p o re s  r a d i a l ;  t r i l e t e ;  r o u n d e d  t r i a n g u l a r ,  s i d e s  

c o n c a v e ;  t r i l e t e  d i s t i n c t ,  r a y s  e x t e n d  t o  i n n e r  m a r g in  o f  

c i n g u l u m ;  low, i r r e g u l a r ,  t h i c k e n i n g s  p r e s e n t  b o r d e r i n g  

t r i l e t e  r a y s ,  s p o r e  c o a t  o t h e r w i s e  l a e v i g a t e ;  c in g u lu m  

l a e v i g a t e ,  3 . 0 - 4 . 5  m i c r o n s  w i d e ;  d i a m e t e r  i n c l u d i n g  c in g u lu m

3 3 . 0 - 3 0 . 0  m i c r o n s .

T h i s  s p o r e  t y p e  r e s e m b l e s  C i n g u l a t i s p o r i t e s  c av u s
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D e l c o u r t  and  S p ru m o n t ,  1955 ,  e x c e p t  t h a t  i t  i s  a b o u t  20 

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

and  t h e  e x i n e  i s  n o t  g r a n u l a r .  Too few s p e c im e n s  o f  t h i s  

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

A f f i n i t y ;  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e ;  R are  i n  t h e  F a l l  R i v e r  

F o r m a t i o n ,  W es ton  C o u n ty ,

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 4 P - 1 - 4 ,  F a l l

R i v e r  F o r m a t i o n ,  W es ton  C o u n ty .

CINGULATISPORITES SP. B 

P l a t e  5 ,  f i g .  4 

S p o r e s  r a d i a l ;  t r i l e t e ;  o u t l i n e  t r i a n g u l a r ;  t r i l e t e  

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

l a e v i g a t e ;  c i n g u lu m  l a e v i g a t e ,  i n v a g i n a t e d  a t  c o r n e r s ,  w i d t h  

o f  c i n g u lu m  i r r e g u l a r ,  3 . 5 - 7 . 5  m i c r o n s ;  d i a m e t e r  i n c l u d i n g  

c in g u lu m  4 3 . 0 - 4 8 . 5  m i c r o n s .

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  Only t h r e e  s p e c im e n s  o f

t h i s  s p o r e  t y p e  w e re  s e e n ,  a l l  f rom  t h e  F a l l  R i v e r  F o r m a t i o n ,  

W es ton  C o u n ty .

Figured specimen: Slide No. OPC 6341-13-5, Fall
River Formation, Weston County.
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I n f r a t u r m a  ZONATI P o t o n i e  and  Kremp, 1954

SPORE TYPE B 

P l a t e  5 ,  f i g .  5 

S p o re s  r a d i a l ;  o u t l i n e  r o u n d e d  t r i a n g u l a r  w i t h  a 

membranous e q u a t o r i a l  f l a n g e ;  s u r f a c e  o f  c e n t r a l  body o r n a 

m en ted  w i t h  d i s t i n c t ,  c l o s e l y  s p a c e d ,  v e r m i c u l a t e  r i d g e s  and 

l a r g e  g r a n u l e s ;  s u r f a c e  o f  f l a n g e  c o a r s e l y  g r a n u l a r ,  f l a n g e  

b e a r s  t h i c k e n e d  r i d g e s  e x t e n d i n g  r a d i a l l y  o u t w a r d  f rom 

c o r n e r s  o f  c e n t r a l  b o d y ,  one a t  e a c h  c o r n e r ,  and  w h ich  r e 

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

c e n t r a l  bo d y ;  body w a l l  2 - 4  m ic ro n s  t h i c k ;  d i a m e t e r  o f  c e n 

t r a l  body 4 0 - 6 1  m i c r o n s ;  w i d t h  o f  f l a n g e  7-20  m i c r o n s .

Only t h r e e  s p e c im e n s  o f  t h i s  fo rm  w e re  s e e n ,  a l l  

f rom t h e  R u s ty  beds  i n  T e to n  C o u n ty .  Cookson and  D e t tm ann  

(1958)  d e s c r i b e d  a  g r o u p  o f  s p o r e s  f rom  t h e  C r e t a c e o u s  o f  

A u s t r a l i a  u n d e r  t h e  g e n e r i c  name C i r r a t r i r a d i t e s  W i l s o n  and 

Coe, 1940 ,  w h ic h  r e s e m b l e  t h e  Wyoming s p e c i m e n s .  C i r r a t r i 

r a d i t e s  v e r r u c o s u s  Cookson and D e t tm a n n ,  1958 ,  i n  p a r t i c u l a r ,  

seems s i m i l a r  t o  t h e  fo rm s  r e p o r t e d  i n  t h i s  p a p e r .  The Wyoming 

s p e c i m e n s ,  h o w e v e r ,  h a v e  a more c o n s p i c u o u s  t y p e  o f  o rn a m e n 

t a t i o n  and  l a c k  t h e  f o v e a  d e s c r i b e d  by Cookson and  D e t tm an n .  

The Wyoming s p e c im e n s  a r e  p r o b a b l y  s p o r e s  o f  some t y p e  d e s 

p i t e  t h e  l a c k  o f  a  t e t r a d  s c a r  on t h e  c e n t r a l  body b u t  i t  i s
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d o u b t f u l  i f  t h e y  can  be a s s i g n e d  t o  t h e  genus  C i r r a t r i r a d i t e s  

B e c au se  o n l y  t h r e e  s p e c im e n s  w ere  o b s e r v e d ,  no a t t e m p t  h a s  

b een  made t o  e r e c t  a new g e n u s  t o  c o n t a i n  them.

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  o n l y  i n  t h e  R u s ty

b e d s ,  T e to n  County .

F i g u r e d  s p e c im e n :  S l i d e  No. OPC 6 4 3 B -3 -1 ,  R u s ty

b e d s ,  T e to n  Coun ty .

Turma MONOLETES I b r a h i m ,  1933 

Subturma AZONOMONOLETES L u b e r ,  1935

I n f r a t u r m a  LAEVIGATO-MONOLETI 

Dybova and  Jach o w icz , ,  1957

Genus LAEVIGATOSPGRITES I b r a h i m ,  1933 emend.

S ch o p f .  i l s o n ,  and  B e n t a l l ,  1944 

Type s p e c i e s :  L a e v i t a g o s p o r i t e s  v u l g a r i s  ( I b r a h i m ,  1932)

I b r a h i m ,  1933 (p .  3 9 - 4 0 ,  p i .  2 ,  f i g .  16 ,  p i .

5 ,  f i g s .  3 7 - 3 9 ) .

1932,  S p o r o n i t e s  v u I g a r i s  I b r a h i m  i n  Potonie" ,  

I b r a h i m ,  and  Loose (p.  4 4 8 ,  p i .  15, f i g .  1 6 ) .  

LAEVIGATOSPGRITES SP. A 

P l a t e  5 ,  f i g  6
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S p o r e s  b i l a t e r a l ;  m o n o l e t e ;  o v a t e ;  m o n o le t e  s u t u r e  

f a i r l y  s h o r t  ar.d s i m p l e ,  e x t e n d s  1 / 2 - 2 / 3  l e n g t h  o f  s p o r e ;  

e x i n e  a p p r o x i m a t e l y  1 m i c r o n  t h i c k ,  l a e v i g a t e ;  t o t a l  l e n g t h  

3 1 -4 0  m i c r o n s ,  w i d t h  2 1 -3 0  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 63 5 A -5 -5 ,  S k u l l

C reek  S h a l e ,  W es ton  C o u n ty ,  Wyoming. L e n g th  3 9 .5  m i c r o n s ,  

w i d t h  3 0 . 5  m i c r o n s .

T h i s  s p e c i e s  f a l l s  i n t o  t h e  same s i z e  r a n g e  a s  Mono- 

l e t e s  m in o r  C ookson ,  1947,  b u t  seems t o  be o f  a more o v a t e  

s h a p e  t h a n  C o o k s o n ' s  s p e c i e s .

A f f i n i t y :  P r o b a b l y  f i l i c i n e a n .

S t r a t i g r a p h i e  o c c u r r e n c e  : P r e s e n t  i n  m in o r  a b u n d a n c e

i n  t h e  R u s ty  b e d s .  T h e r m o p o l i s  S h a l e ,  and  Muddy S a n d s t o n e  i n  

T e to n  C o u n ty .  R a re  i n  t h e  T h e r m o p o l i s  S h a l e  i n  B ig  H orn  

C o u n ty .  R a re  i n  t h e  L a k o t a ,  F a l l  R i v e r ,  and  S k u l l  C reek  F o r 

m a t i o n s ,  Crook and  W eston  C o u n t i e s .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 5 A -5 -5 ,  S k u l l

C reek  S h a l e ,  W es ton  C o u n ty .

I n f r a t u r m a  SCULPTATOMONOLETI 

Dybova and  J a c h o w i c z ,  1957

Genus MARATTISPORITES C o u p e r ,  1958 

Type s p e c i e s :  M a r a t t i s p o r i t e s  s c a b r a t u s  C o u p e r ,  1958 (p .
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133,  p l .  15, f i g s .  2 0 - 2 3 ) .

MARATTISPORITES SCABRATUS C o u p e r ,  1953 

P l a t e  5 ,  f i g .  7

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

i s  v e r y  r a r e  i n  t h e  Wyoming s a m p l e s .  Couper  d e s c r i b e d  t h e  

s p e c i e s  f rom  t h e  J u r a s s i c  and  Lower C r e t a c e o u s  o f  B r i t a i n .

A f f i n i t y :  Couper  (1958)  r e l a t e d  t h i s  g e n u s  t o  t h e

f e r n  f a m i l y  M a r a t t i a c e a e .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  T h e rm o p o l i s

S h a l e ,  B ig  Horn C o u n ty ,  and  i n  t h e  F a l l  R i v e r  F o r m a t i o n ,  

W es ton  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 4 1 - 2 - 6 ,  F a l l

R i v e r  F o r m a t i o n ,  W es ton  C o u n ty .

SPORAE INCERTAE SEDIS

Genus SCHIZOSPORIS Cookson and  D e t tm a n n ,  1959 

Type s p e c i e s :  S c h i z o s p o r i s  r e t i c u l a t u s  Cookson and  D e t tm ann ,

1959 (p .  2 1 3 ,  p i .  1 ,  f i g s .  1 - 4 ) .

Cookson  an d  D e t tm a n n  e r e c t e d  t h i s  g en u s  t o  i n c l u d e  

p r o b l e m a t i c a l  m i c r o f o s s i l s  f rom  t h e  C r e t a c e o u s  o f  e a s t e r n  

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

fo rm s  i n c l u d e d  t h e r e i n  s e p a r a t e  a l o n g  an  e q u a t o r i a l  l i n e  i n t o  

a p p r o x i m a t e l y  two h a l v e s .  F i v e  s p e c i e s  o f  S c h i z o s p o r i s  a r e
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r e c o g n i z e d  i n  t h i s  p a p e r ,  one  o f  w h ic h  h a s  n o t  b ee n  p r e v i 

o u s l y  r e p o r t e d .

SCHIZOSPORIS RETICULATUS Cookson an d  D e t tm an n ,  1959

P l a t e  5 ,  f i g .  8 

r e t i c u l a t u s  i s  m os t  common i n  t h e  Wyoming s e d i 

m en ts  i n  s a m p le s  o f  l i g n i t e  f rom t h e  F a l l  R i v e r  and  N e w c a s t l e  

F o r m a t i o n s .

A f f i n i t y ;  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  R a re  i n  t h e  F a l l  R i v e r

and  N e w c a s t l e  F o r m a t i o n s ,  W es ton  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 7 H -7 -1 ,  N e w c a s t l e

F o r m a t i o n ,  W es ton  C oun ty .

SCHIZOSPORIS PARVUS Cookson and  D e t tm an n ,  1959

P l a t e  5 ,  f i g .  9

T h i s  s m o o th ,  e l o n g a t e d  s p e c i e s  o f  S c h i z o s p o r i s  i s  a 

f a i r l y  common component  o f  t h e  s p o r e  f l o r a  o f  t h e  F a l l  R i v e r  

l i g n i t e s .  I t  may o c c u r  w i t h  t h e  two h a l v e s  j o i n e d  a s  shown 

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

t h e  s e p a r a t e  h a l v e s  a p p e a r  a s  e l o n g a t e d ,  b o a t - s h a p e d  o b j e c t s .

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e  : R a re  i n  t h e  m i d d l e  p a r t

o f  t h e  T h e r m o p o l i s  S h a l e  i n  T e to n  and  Big  Horn C o u n t i e s .  

F a i r l y  common i n  t h e  F a l l  R i v e r  F o r m a t i o n  l i g n i t e  s a m p le s
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f rom  Weston  County .

F i g u r e d  s p e c im e n :  S l i d e  No. OPC 8 37D -17-6 ,  T h e r 

m o p o l i s  S h a l e ,  B ig  Horn C oun ty .

SCHIZOSPORIS o f .  S. RUGULATUS Cookson and  D e t tm an n ,  1959

P l a t e  5 ,  f i g .  13 

L a rg e ,  h e m i s p h e r i c a l , h o l l o w  s t r u c t u r e s  b e a r i n g  

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

F a l l  R i v e r  F o r m a t i o n .  The o r n a m e n t a t i o n  c o n s i s t s  o f  s i n u o u s ,  

c l o s e l y  s p a c e d ,  a n a s t o m o s i n g  r i d g e s  a p p r o x i m a t e l y  1 .5  

m i c r o n s  b r o a d .  These  fo rm s  a p p e a r  q u i t e  s i m i l a r  t o  Cookson 

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

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

s p e c i e s .  No c o m p le t e  s p e c im e n s  w e re  s e e n .

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  A bundan t  i n  s a m p le  M o f

t h e  F a l l  R i v e r  F o r m a t i o n ,  Weston  C oun ty .

F i g u r e d  s p e c im e n :  S l i d e  No. OPC 634M-9-1 ,  F a l l  R i v e r

F o r m a t i o n ,  Weston Coun ty .

SCHIZOSPORIS SPRIGGI Cookson and  D e t tm a n n ,  1959 

P l a t e  5 ,  f i g s .  10 and  11 

T h i s  l a r g e ,  s u b s p h e r i c a l ,  l a e v i g a t e  form s p l i t s  u n 

e v e n l y  a l o n g  a  m ed ian  l i n e  i n t o  two s u b h e m i s p h e r i c a l  h a l v e s .  

The s p e c i e s  i s  common i n  s am p le  M o f  t h e  F a l l  R i v e r  F o r m a t i o n
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w h e re  i t  t y p i c a l l y  o c c u r s  a s  s e p a r a t e  h a l v e s ,  o c c a s i o n a l  

s p e c im e n s  a r e  s e e n  w i t h  t h e  h a l v e s  s t i l l  j o i n e d .

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e  : Common i n  t h e  two s a m p le s

o f  l i g n i t e  f ro m  t h e  F a l l  R i v e r  F o r m a t i o n ,  Weston C o u n ty .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 634M-7-1 ,  an d  OPC

634M -7-2 ,  F a l l  R i v e r  F o r m a t i o n ,  W es ton  C o u n ty .

SCHIZOSPORIS SP. A 

P l a t e  5 ,  f i g s .  12 and  14

S p o r e s  (? )  b i l a t e r a l ;  b i c o n v e x ;  c i r c u l a r  i n  p o l a r  

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

a n  l i n e  o r  f u r r o w ;  e x i n e  1 . 5 - 2 . 0  m i c r o n s  t h i c k ,  o r n a m e n t a t i o n  

composed o f  low ,  i r r e g u l a r  a n o s t o m o s i n g  r i d g e s  f o r m i n g  an  

o b s c u r e  v e r m i c u l a t e  t o  r u g o s e  p a t t e r n ,  r i d g e s  1 . 5 - 2 . 0  m ic r o n s  

b r o a d ;  l a r g e s t  d i a m e t e r  4 0 -6 3  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 6 3 4 B F -1 -3 ,  F a l l

R i v e r  F o r m a t i o n ,  W es ton  C o u n ty ,  Wyoming. D i a m e t e r  6 0 . 9  

m i c r o n s .

T h i s  s p e c i e s  o c c u r s  a s  i s o l a t e d  h a l v e s ;  c o m p le t e  

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

p r e s s e d .  The s p e c i e s  d i f f e r s  f rom  S. r u g u l a t u s  i n  t h a t  t h e  

s i z e  r a n g e  i s  s m a l l e r  and  t h e  o r n a m e n t a t i o n  i s  more o b s c u r e ,  

more c l o s e l y  r e s e m b l i n g  i r r e g u l a r  e x i n a l  t h i c k e n i n g s  t h a n
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t r u e  r i d g e s .

A f f i n i t y :  Unkno;m.

S t r a t i g r a p h i e  o c c u r r e n c e :  R are  i n  t h e  S h e l l  C reek

S h a l e ,  B ig  H orn  C o u n ty ,  and  i n  t h e  S k u l l  C reek  S h a l e ,  Weston 

C o u n ty .  A b u n d a n t  i n  s am p le  OPC 634BF o f  t h e  F a l l  R i v e r  F o r 

m a t i o n ,  W eston  C o u n ty .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 63ABF-1-3 ,  and

OPC 6 3 4 B F -3 -1 ,  F a l l  R i v e r  F o r m a t i o n ,  W es ton  County ,

Genus SCHIZOCYSTIA Cookson and E i s e n a c k ,  1962 

Type s p e c i e s :  S c h i z o c y s t a  r u g o s a  Cookson and  E i s e n a c k ,  1962

(p .  2 7 0 ,  p i .  37 ,  f i g s .  1 1 - 1 2 ) ,

SCHIZOCYSTIA SP. A 

P l a t e  6 ,  f i g s .  1 and  2

Symmetry b i l a t e r a l ;  b i c o n v e x  i n  end  v i e w ;  s h a p e

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

s t r a i g h t  t o  s l i g h t l y  c o n c a v e  o r  co n v ex  s i d e s  and  two o p p o 

s i t e  s i d e s  p r o d u c e d  i n t o  b r o a d  humps a t  e i t h e r  e n d ;  t h e s e  

humps a r e  more t h a n  h a l f  a s  w id e  a s  t h e  w i d t h  o f  t h e  g r a i n

a n d  o v e r l a p  s l i g h t l y ;  g r a i n  s p l i t s  i n t o  h a l v e s  a l o n g  a  m ed ian

l i n e  p e r p e n d i c u l a r  t o  t h e  two s t r a i g h t  s i d e s ;  w a l l  1 . 5 - 2 . 0  

m i c r o n s  t h i c k  w i t h  i r r e g u l a r ,  u n e v e n  t h i c k e n i n g s ,  g i v i n g  

s u r f a c e  o f  g r a i n  an  o b s c u r e  v e r m i c u l a t e  t o  s c a b r a t e  a p p e a r a n c e ;
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l e n g t h  4 3 . 0 - 5 5 . 0  m i c r o n s ,  w i d t h  4 0 . 0 - 5 0 . 0  m i c r o n s .

T y p i c a l  s p e c i m e n .  S l i d e  No. OPC 6 3 4 B F -2 -2 ,  F a l l  

R i v e r  F o r m a t i o n ,  W es ton  C o u n ty ,  Wyoming. L e n g th  5 0 . 8  m i c r o n s ,  

w i d t h  4 5 . 7  m i c r o n s .

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  A bundan t  i n  sam ple  OPC

634BF o f  t h e  F a l l  R i v e r  F o r m a t i o n ,  W eston  County .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 63 4 B F -2 -2 ,  and

OPC 6 3 4 B F -1 -6 ,  F a l l  R i v e r  F o r m a t i o n ,  Weston  County .

SPORE TYPE X 

P l a t e  6 .  f i g .  3

Spore  r a d i a l ;  t r i l e t e ;  r o u n d l y  t r i a n g u l a r ;  t r i l e t e  

r a y s  n a r r o w ,  s l i g h t l y  e l e v a t e d ,  e x t e n d  t o  m a r g in  o f  s p o r e ;  

p r o x i m a l  s u r f a c e  co n v ex  and  c o v e r e d  w i t h  s h a l l o w  p u n c t a t e  

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

f a c e  b e a r s  a s h a l l o w  g r o o v e  e n c i r c l i n g  t h e  s p o r e  7 -8  m i c r o n s  

f rom  t h e  m a r g i n ,  i n s i d e  t h i s  g r o v e ,  t h e  e x i n e  b e a r s  s h a l l o w ,  

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

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

t i o n s  a b o u t  o n e  m ic ro n  w i d e ,  t h e  ends  o f  w h ic h  e x t e n d  1-2 

m i c r o n s  beyond t h e  e q u a t o r i a l  m a r g in  o f  t h e  s p o r e ,  g i v i n g  t h e  

m a r g in s  a s e r r a t e  a p p e a r a n c e ;  o v e r a l l  d i a m e t e r  4 5 -4 9  m i c r o n s .

Only one specimen of this distinctive type of spore
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was o b s e r v e d :  S l i d e  No. OPC 634Q-3 1 ,  F a l l  R i v e r  F o r m a t i o n ,  

W es ton  C oun ty ,

A n t e t u r m a  POLLENITES R. P o t o n i e ,  1931 

Turma EUPOLLENITES K l a u s ,  1960 

S ub tu rm a OPERCULATI V e n k a t a c h a l a  and  Goczan ,  1962

Genus CLASSOPOLLIS P f l u g ,  1953 emend.

Pocock  an d  J a n s o n i u s , 1961 

Type s p e c i e s :  C l a s s o p o l l i s  c l a s s o i d e s  P f l u g ,  1953 emend.

Pocock and  J a n s o n i u s ,  1961 (p .  4 4 3 ,  p i .  1, 

f i g s .  1 - 9 )

1953,  C l a s s o p o l l i s  c l a s s o i d e s  P f l u g  (p .  91 ,  

p i .  16,  f i g s .  2 9 - 3 1 ) .

CLASSOPOLLIS CLASSOIDES P f l u g ,  1953 emend.

Pocock  and  J a n s o n i u s ,  1961 

P l a t e  6 ,  f i g .  4 

G r a i n s  f rom Wyoming w h ic h  h a v e  b een  r e f e r r e d  t o  t h i s  

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

Pocock and  J a n s o n i u s ,  1961 .  Most o f  t h e  Wyoming s p e c im e n s  

a r e  c o m p re s s e d  t h r o u g h  t h e  p o l a r  a x i s  and  t h e  e q u a t o r i a l  

s t r i a t i o n s  a r e  u s u a l l y  n o t  v i s i b l e .  O r n a m e n t a t i o n  c o n s i s t s  

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

A f f i n i t y :  P r o b a b l y  r e l a t e d  t o  t h e  C h e i r o l e p i d a c e a e ,

a  M eso z o ic  c o n i f e r  f a m i l y  r e l a t e d  t o  t h e  A r a u c a r i a c e a e .

S t r a t i g r a p h i e  o c c u r r e n c e  : The g en u s  C l a s s o p o l l i s  i s

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

s t u d i e d .  I n  m o s t  c a s e s ,  p r e s e r v a t i o n  was s u c h  t h a t  a  s p e 

c i f i c  i d e n t i f i c a t i o n  c o u l d  n o t  be made and  i n  t h e  a s s e m b l a g e  

c o u n t s ,  t h e  two s p e c i e s  o f  C l a s s o p o l l i s  w h ic h  a r e  r e c o g n i z e d  

i n  t h i s  p a p e r  w e re  lumbed t o g e t h e r .  W e l l  p r e s e r v e d  g r a i n s  

w h ic h  a r e"u n 3 ^ o u b ted  1 y r e l a t a b l e  t o  C. c l a s s o i d e s  a r e  p r e s e n t  

i n  t h e  F a l l  R i v e r  and  L a k o ta  F o r m a t i o n s  i n  W es ton  C o u n ty ,  

h o w e v e r .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 4 N - 1 4 -4 ,  F a l l

R i v e r  F o r m a t i o n ,  W es ton  C o u n ty .

CLASSOPOLLIS SP. A 

P l a t e  6 ,  f i g s .  5 and  6

G r a i n s  r a d i a l ;  d i s t a l l y  o p e r c u l a t e ;  i r r e g u l a r l y  

s h a p e d  p o r e  a t  d i s t a l  p o l e ;  f a i n t  t r i l e t e  mark v i s i b l e  a t  

p r o x i m a l  p o l e  o n  some s p e c i m e n s ;  s h a p e  s p h e r i c a l ,  u s u a l l y  

s e c o n d a r i l y  c o m p r e s s e d  a l o n g  p o l a r  a x i s ;  e q u a t o r i a l  r e g i o n  

s u r r o u n d e d  by a band o f  8 -10  low,  t h i n ,  p a r a l l e l  r i d g e s ;  

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

s e t  o f  r i d g e s ;  e x i n e  s p i n o s e  t o  f i n e l y  g r a n u l a r ,  g r a n u l e s  o r
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s p i n e s  v e r y  c l o s e l y  s p a c e d ,  l e s s  t h a n  one  m ic ro n  b r o a d ,  

s p i n e s ,  when p r e s e n t ,  one  m i c r o n  o r  l e s s  h i g h ,  h i r s u t e ;  

o v e r a l l  d i a m e t e r  2 0 - 3 1  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 6 3 5 A -1 -2 5 ,  S k u l l
I

Creek  S h a l e ,  W es ton  C o u n ty ,  Wyoming. D im e n s io n s  2 5 . 0 - 3 0 . 5  

m i c r o n s .

Spec im ens  p o s s e s s i n g  h i r s u t e  s p i n e s  form a g r a d a 

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

t i o n  o f  two s e p a r a t e  s p e c i e s  b a s e d  on  t h i s  c h a r a c t e r  w ou ld  

seem t o  be u n j u s t i f i e d .

A f f i n i t y :  P r o b a b l y  r e l a t e d  t o  t h e  e x t i n c t  c o n i f e r

f a m i l y  C h e i r o l e p i d a c e a e .

S t r a t i g r a p h i e  o c c u r r e n c e :  W e l l - p r e s e r v e d  s p e c im e n s

o f  C l a s s o p o l l i s  s p . A a r e  common i n  t h e  S k u l l  C reek  S h a l e ,  

W es ton  C o u n ty .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 6 3 5 A -1 -2 5 ,  and

OPC 6 3 5 A -1 -2 6 ,  S k u l l  C re ek  S h a l e ,  Weston  C oun ty .

Turma SACCITES E r d tm a n ,  1947

S u b tu rm a  MONOSACCITES ( C h i t a l e y ,  1951)

P o t o n i e  and  Kremp, 1954 

MONOSACCATE POLLENS
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Two sp e c im e n s  o f  m o n o s a c c a t e  p o l l e n  g r a i n s  w ere  o b 

s e r v e d  d u r i n g  t h e  c o u r s e  o f  t h i s  i n v e s t i g a t i o n ,  one f rom t h e  

F a l l  R i v e r  F o r m a t i o n  and  one  f rom t h e  S k u l l  C reek  S h a l e .

The o c c u r r e n c e  o f  m o n o s a c c a t e  g r a i n s  i s  common i n  s a m p le s  o f  

P a l e o z o i c  age  b u t  o n l y  a  few h a v e  b e e n  r e p o r t e d  f rom t h e  Up

p e r  M e s o z o i c .  No a t t e m p t  was made t o  r e l a t e  t h e  two Wyoming 

s p e c i m e n s  t o  genus  o r  s p e c i e s ,  b u t  t h e i r  o c c u r r e n c e  i s  h e r e  

n o t e d .  A d e s c r i p t i o n  o f  t h e  two s p e c im e n s  f o l l o w s :

MONOSACCATE TYPE A 

P l a t e  6 ,  f i g .  7 

G r a i n  r a d i a l ;  m o n o s a c c a t e ;  t r i l e t e ,  r a y s  e x t e n d  t o  

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

s u r r o u n d s  c e n t r a l  body e x c e p t  on p r o x i m a l  s i d e ;  s a c c u s  i n 

t e r n a l l y  p u n c t a t e  t o  m i c r o r e t i c u l a t e ; c e n t r a l  body r o u n d e d  

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

f i n e l y  p u n c t a t e ;  o v e r a l l  d i a m e t e r  5 0 -5 6  m i c r o n s ;  c e n t r a l  

body 3 3 - 3 8  m i c r o n s .

S pec im en :  S l i d e  No. OPC 6 3 4 0 - 2 - 2 ,  F a l l  R i v e r  F o rm a

t i o n ,  W es ton  C oun ty .

MONOSACCATE TYPE B 

P l a t e  6 ,  f i g .  8 

G r a i n  r a d i a l ;  m o n o s a c c a t e ;  no g e r m i n a l  a p e r t u r e  v i s i 

b l e ;  s h a p e  o v a t e ;  s a c c u s  c o m p l e t e l y  s u r r o u n d s  c e n t r a l  body
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e x c e p t  on one  s i d e ,  s a c c u s  i n t e r n a l l y  r e t i c u l a t e ,  m u r i  1-2 

m ic ro n s  w i d e ,  lumens u n e v e n ,  1-2 m ic ro n s  b r o a d ;  c e n t r a l  body 

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

p r e s e r v a t i o n ;  o v e r a l l  d i a m e t e r  78-53  m i c r o n s ;  c e n t r a l  body 

35-40  m i c r o n s .

S p e c im e n :  S l i d e  No. OPC 6 3 5 B -1 -1 0 ,  S k u l l  C reek

S h a l e ,  Weston  C o u n ty .

S u b tu rm a  DISACCITES Cookson,  1947 

I n f r a t u r m a  DISACCITRILETI L e s c h i k ,  1955

Genus VITREISPORITES L e s c h i k ,  1955 

Type s p e c i e s :  V i t r e i s p o r i t e s  s i g n a t u s  L e s c h i k ,  1955 (p .  53,

p i .  8 ,  f i g .  1 0 ) .

VITREISPORITES PALLIDUS ( R e i s s i n g e r ,  1938) N i l s s o n ,  1958

P l a t e  6 ,  f i g .  11 

1938 P i t y o s p o r i t e s  p a l l i d u s  R e i s s i n g e r  (p .  1 4 ) .

1950 P i t y o p o l l e n i t e s  p a l l i d u s  ( R e i s s i n g e r ,  1938) R e i s s i n g e r  

( p .  109,  p i .  15 ,  f i g s .  1 - 5 ) .

1958 C a y t o n i p o l l e n i t e s  p a l l i d u s  ( R e i s s i n g e r ,  1938) C o u p e r  

(p .  150,  p i .  2 6 ,  f i g s .  7 - 8 ) .

1958 V i t r e i s p o r i t e s  p a l l i d u s  ( R e i s s i n g e r ,  1938) N i l s s o n  (p. 

78 ,  p i .  7 ,  f i g s .  1 2 - 1 4 ) .
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R e i s s i n g e r  p r o p o s e d  t h e  g e n e r i c  name P i t y o p o l l e n i t e s  

i n  1950 f o r  s m a l l  b i s a c c a t e  p o l l e n s  o f  t h e  t y p e  i l l u s t r a t e d  

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

s i s  and  t h e r e f o r e  d i d  n o t  v a l i d a t e  t h e  name. C oupe r  (1958)  

p r o p o s e d  t h e  name C a y t o n i p o l l e n i t e s  f o r  p o l l e n s  o f  t h i s  t y p e  

a n d  d e s i g n a t e d  C a y t o n i p o l l e n i t e s  p a l l i d u s  ( R e i s s i n g e r )  Couper  

a s  t h e  t y p e  s p e c i e s .  H ow ever ,  L e s c h i k ,  i n  1955 ,  h a d  p r o p o s e d  

t h e  name V i t r e i s p o r i t e s  f o r  s m a l l ,  b i s a c c a t e  p o l l e n  g r a i n s  

f rom  t h e  Upper  T r i a s s i c  o f  S w i t z e r l a n d  and  i t  i s  o b v i o u s  t h a t  

C a y t o n i p o l l e n i t e s  i s  a synonym o f  V i t r e i s p o r i t e s . The g r a i n s  

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

o v a l  i n  p o l a r  v i e w  and  b i s a c c a t e .  The s a c c i  a r e  l a e v i g a t e  

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

c u l a t e .  The w a l l  i s  l e s s  t h a n  one m i c r o n  t h i c k .  P r e s e r v a 

t i o n  o f  t h e  Wyoming s p e c im e n s  i s  p o o r  and  no g e r m i n a l  a p e r t u r e  

i s  v i s i b l e .

A f f i n i t y :  C o u p e r  (1958)  h a s  e s t a b l i s h e d  t h a t  p o l l e n s

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

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

S t r a t i g r a p h i e  o c c u r r e n c e :  R a r e  i n  t h e  T h e r m o p o l i s

S h a l e  and  Muddy S a n d s to n e  i n  T e to n  C o u n ty ,  i n  t h e  R u s ty  beds  

and  T h e r m o p o l i s  S h a l e  i n  Hot  S p r i n g s  and  B ig  Horn  C o u n t i e s ,  

a nd  i n  t h e  F a l l  R i v e r  and  S k u l l  C reek  F o r m a t i o n s  i n  W eston
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C o u n t y .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 6 3 5 A -1 -1 2 ,  S k u l l

Creek  S h a l e ,  W es ton  C oun ty .

I n f r a t u r m a  PINOSACCTI (E rd tm a n ,  1945) P o t o n i ^ ,  1958

Genus PINUSPOLLENITES R a a t z ,  1937 

Type s p e c i e s  : P i n u s p o l l e n i t e s  l a b d a c u s  ( P o to n i e ^  1931)

R a a t z ,  1937 (p .  1 6 ) .

1 931 ,  P o l l e n i t e s  l a b d a c u s  F oton te  (p .  5 ,  f i g .  

3 2 ) .

PINUSPOLLENITES ? SP.

P l a t e  6 ,  f i g .  9 

G r a i n s  b i l a t e r a l ;  b i s a c c a t e ;  t u b e  c e l l  o v a t e  t o  s u b -  

s p h e r i c a l ,  f i n e l y  g r a n u l a r ;  e x i n e  1 . 5 - 2 . 5  m i c r o n s  t h i c k ;  

s a c c i  s u b c i r c u l a r  w i t h  o b s c u r e  i n t e r n a l  r e t i c u l u m ;  p r o x i m a l  

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

t a c h m e n t  i n s e r t e d  o v e r  a p p r o x i m a t e l y  1 / 3  r a d i u s  o f  t u b e  c e l l ,  

s a c c i  j o i n  w i t h  t u b e  c e l l  p r o x i m a l l y  a t  an  a n g l e  a p p r o a c h i n g  

90 d e g r e e s ;  l e n g t h  o f  t u b e  c e l l  2 8 - 5 0  m i c r o n s ,  h e i g h t  (m eas 

u r e d  a l o n g  p o l a r  a x i s )  30 -46  m i c r o n s ;  d i a m e t e r  o f  s a c c i  17-  

38 m i c r o n s .

T h i s  p o l l e n  t y p e  i s  c h a r a c t e r i z e d  by t h e  s h a r p  a n g l e  

fo rm ed  by t h e  p r o x i m a l  j u n c t i o n  o f  t h e  s a c c i  w i t h  t h e  t u b e



95
c e l l .  Too few s p e c im e n s  w ere  s e e n  t o  w a r r a n t  t h e  d e s i g n a 

t i o n  o f  a t y p e  s p e c i m e n .

A f f i n i t y :  P r o b a b l y  r e l a t e d  t o  t h e  P i n a c e a e .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  R u s ty  b e d s ,

T e to n  Coun ty  and  i n  t h e  F a l l  R i v e r  F o r m a t i o n ,  W es ton  C oun ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 4 3 A -2 -1 2 ,  R u s ty

b e d s ,  T e to n  C oun ty .

I n f r a t u r m a  ABIETOSACCITI (E rd tm a n ,  1945) P o t o n i e ,  1958

Genus PICEAEPOLLENITES P o t o n i e ^  1931 

Type s p e c i e s :  P i c e a e p o l l e n i t e s  a l a t u s  P o t o n i e ,  1931 (p .  28 ,

p i .  2 ,  f i g .  V 7 0 a ) .

The c e n t r a l  body o f  t h i s  g e n u s  i s  s l i g h t l y  more 

e l o n g a t e  and  j o i n s  w i t h  t h e  s a c c i  a t  a  lo w e r  a n g l e  t h a n  i n  

t h e  c a s e  o f  A b i e t i n e a e p o l l e n i t e s  o r  A b i e s p o l l e n i t e s . P o t o n i ^  

(1958)  s t a t e s  t h a t  a  s t r o n g  c r e s t  ( o p t i c a l  s e c t i o n  o f  t h e  

p r o x i m a l  c a p )  i s  p r e s e n t .  No f e a t u r e  o f  t h i s  t y p e  i s  v i s i b l e  

on t h e  Wyoming s p e c i m e n s .  I n  t h i s  p a p e r ,  t h e  r e l a t i o n  o f  

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

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

g e n e r a  o f  f o s s i l  b i s a c c a t e  p o l l e n .  Spec im ens  f rom  Wyoming 

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

l a r g e  t u b e  c e l l ,  t h e  s a c c i  a r e  a t t a c h e d  d i s t a l l y  f rom  t h e
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e q u a t o r ,  and  s a c c i  and  t u b e  c e l l  j o i n  a t  a  low a n g l e .

PICEAEPOLLENITES SP. A 

P l a t e  6 ,  f i g s ,  10 and  12 

G r a i n s  b i l a t e r a l :  b i s a c c a t e :  e l l i p t i c a l  i n  p o l a r  

v iew ;  s a c c i  a t t a c h e d  d i s t a l l y  f rom t h e  e q u a t o r ,  s a c c i  t y p i 

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

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

v iew ,  m e r g in g  s m o o th ly  w i t h  e q u a t o r i a l  o u t l i n e  o f  t u b e  c e l l ;  

s a c c i  o v e r l a p  t u b e  c e l l  by a b o u t  o n e - t h i r d  i t s  r a d i u s ;  s a c c i  

i n t e r n a l l y  r e t i c u l a t e ,  m u r i  w i d e ,  lumens s m a l l  and  i r r e g u l a r ,  

r e t i c u l u m  i s  q u i t e  o b s c u r e  i n  p o o r l y  p r e s e r v e d  s p e c i m e n s ;  

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

i n  s i d e  v ie w ;  p r o x im a l  e x i n e  1-2 m i c r o n s  t h i c k ;  t u b e  c e l l  

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

4 8 -7 9  m i c r o n s ;  d i a m e t e r  o f  t u b e  c e l l  2 5 - 4 8  m i c r o n s .

t y p i c a l  s p e c i m e n :  S l i d e  No,. OPC 6 3 5 A -7 -9 ,  S k u l l

Creek  S h a l e ,  Weston C o u n ty ,  Wyoming. O v e r a l l  w i d t h  6 8 .6  

m i c r o n s ,  d i m e n s i o n s  o f  t u b e  c e l l  4 5 . 7 - 4 0 . 6  m i c r o n s .

A f f i n i t y :  P o s s i b l y  r e f e r a b l e  t o  t h e  P i n a c e a e .

S t r a t i g r a p h i e  o c c u r r e n c e :  A l th o u g h  two s p e c i e s  o f

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

v a t i o n  i n  many s a m p le s  made i t  n e c e s s a r y  t o  g r o u p  t h e  two 

when t h e  a s s e m b l a g e  c o u n t s  w e re  made. The genus
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P i c e a e p o l l e n i t e s  i s  p r e s e n t  i n  m in o r  t o  m a j o r  a b u n d a n c e  i n  

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

F i g u r e d  s p e c i m e n s :  S l i d e  No. OPC 6 3 5 A -7 -9 ,  and  OPC

6 3 5 A -7 -8 ,  S k u l l  C reek  S h a l e ,  Weston  C o u n ty .  

PICEAEPOLLENITES SP. B 

P l a t e  7,  f i g s .  1 and  2 

G r a i n s  b i l a t e r a l ;  e l l i p t i c a l  i n  p o l a r  v i e w ,  s a c c i  

a t t a c h e d  d i s t a l l y  from e q u a t o r ,  t y p i c a l l y  i n f l a t e d  and  s u b -  

s p h e r i c a l  i n  s h a p e ,  s a c c i  j o i n  w i t h  t u b e  c e l l  a t  a  low a n g l e ,  

s a c c i  b e a r  o b s c u r e ,  i n t e r n a l  r e t i c u l u m ,  m u r i  w i d e ,  lumens 

smalX_and i r r e g u l a r ;  s a c c i  o v e r l a p  t u b e  c e l l  by a p p r o x i m a t e l y  

1 /3  i t s  r a d i u s ;  t u b e  c e l l  c i r c u l a r  t o  s l i g h t l y  o v a t e  i n  p o l a r  

s e c t i o n ,  i n t e r n a l l y  m i c r o r e t i c u l a t e ;  p r o x i m a l  e x i n e  1 . 5 - 2 . 5  

m i c r o n s  t h i c k ;  o v e r a l l  w i d t h  i n c l u d i n g  s a c c i  7 1 -1 1 0  m i c r o n s ;  

t u b e  c e l l  54 -82  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 6 3 5 A -3 -2 ,  S k u l l

C re e k  S h a l e ,  Wes ton  C o u n ty ,  Wyoming. O v e r a l l  w i d t h  8 1 . 3  

m i c r o n s ,  d i m e n s i o n s  o f  t u b e  c e l l  6 3 . 5 - 6 6 . 0  m i c r o n s .

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

t h a t  t h e  s i z e  i s  l a r g e r ,  t h e  s a c c i  a r e  more  i n f l a t e d ,  more 

n e a r l y  s p h e r i c a l ,  and  do n o t  m erge  w i t h  t h e  m a r g i n  o f  t h e  

t u b e  c e l l  i n  p o l a r  v ie w .  The s p e c i e s  r e s e m b l e s  P i t y o s p o r i t e s  

neomundanus  L e s c h i k ,  1955 ,  b u t  d i f f e r s  f rom i t  i n  t h a t  t h e
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e x i n e  i s  t h i n n e r  and  n o t  g r a n u l a r  and  t h e  s i z e  r a n g e  i s  

somewhat s m a l l e r .

A f f i n i t y :  P o s s i b l y  r e l a t e d  t o  t h e  P i n a c e a e .

S t r a t i g r a p h i e  o c c u r r e n c e :  The t y p i c a l  s p e c im e n  i s

f rom  t h e  S k u l l  C reek  S h a l e ,  W eston  C o u n ty ,  w h ere  w e l l - p r e 

s e r v e d  s p e c im e n s  o f  t h i s  s p e c i e s  a r e  common.

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 63 5 A -3 -2 ,  and  OPC

6 3 5 A -3 -1 7 ,  S k u l l  C reek  S h a l e ,  W es ton  C o u n ty .

I n f r a t u r m a  PODOCARPOIDITI 

P o t o n i e ,  Thomson,  and  T h e i r g a r t ,  1950

Genus PLATYSACCUS P o to n ie ^  and  K l a u s ,  1954 

Type s p e c i e s :  P l a t y s a c c u s  p a p i l i o n i s  P o t o n i e  and  K l a u s ,

1954 (p .  5 4 0 - 5 4 1 ,  p i .  10 ,  f i g s .  1 1 - 1 2 ) .

PLATYSACCUS SP. A 

P l a t e  7 ,  f i g .  3 

G r a i n s  b i s a c c a t e ,  s a c c i  i n f l a t e d  an d  b r o a d l y  r e n i -  

fo rm  i n  s h a p e ,  1% t o  2 t i m e s  l a r g e r  t h a n  t u b e  c e l l ,  s a c c i  

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

lumens s m a l l  and  i r r e g u l a r ;  t u b e  c e l l  s p h e r i c a l  t o  o v a t e  i n  

p o l a r  v i e w ,  p r o m i n e n t ,  i r r e g u l a r l y  t h i c k e n e d  e q u a t o r i a l  

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

i t s  d i a m e t e r ;  o r n a m e n t a t i o n  o f  t u b e  c e l l  r u g o s e ;  o v e r a l l
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l e n g t h  5 3 -7 7  m i c r o n s ;  d i a m e t e r  o f  t u b e  c e l l  2 5 - 3 8  m i c r o n s ;  

s a c c i  4 1 - 5 4  m i c r o n s  l o n g ,  2 8 - 3 6  m ic ro n s  b r o a d .

Two few s p e c im e n s  o f  t h i s  p o l l e n  t y p e  w ere  s e e n  to  

w a r r a n t  t h e  e r e c t i o n  o f  a  t y p e .

A f f i n i t y :  P o s s i b l y  r e l a t e d  to  t h e  P o d o c a r p a c e a e .

S t r a t i g r a p h i e  o c c u r r e n c e  : R are  i n  t h e  T h e rm o p o l i s

and  S h e l l  C reek  S h a l e s  i n  Big  Horn C o u n ty .  P r e s e n t  a s  a 

t r a c e  i n  t h e  S k u l l  C reek  S h a l e ,  Weston C o u n ty .

F i g u r e d  s p e c im e n :  S l i d e  No. OPC 6 3 5 A -7 -1 0 ,  S k u l l

C reek  S h a l e ,  W eston  C oun ty .

Genus PODOCARPIDITES C ookson ,  1947 emend. P o t o n i e ,  1958 

Type s p e c i e s  : P o d o c a r p i d i t e s  e l l i p t i c u s  (Cookson ,  1947)

C o u p e r ,  1953 (p .  3 6 ) .

1947,  D i s a c c i t e s  (P o d o c a r p i d i t e s ) e l l i p t i c a  

Cookson (p .  131 ,  p i .  13,  f i g s .  5 - 7 ) .

Cookson (1947)  e r e c t e d  t h i s  genus  t o  i n c l u d e  f o s s i l  

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

e s t a b l i s h  a  t y p e  s p e c im e n .  I n  1953 Couper  d e s i g n a t e d  Cook

s o n  ' s  P. e l l i p t i c a  a s  t h e  t y p e  and emended t h e  genus  t o  i n 

c l u d e  t r i - s a c c a t e  fo rm s .  P o t o n i ^  (1958) p u b l i s h e d  t h e  f i r s t  

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

t h e  g e n u s  be r e s t r i c t e d  t o  i n c l u d e  o n l y  b i s a c c a t e  f o rm s .  A
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f r e e  t r a n s l a t i o n  o f  P o t o n i e ' s  e m e n d a t i o n  f o l l o w s :

E q u a t o r i a l  c o n t o u r  o f  c e n t r a l  body o v a l  t o  p o l y g o n a l ,  

c r e s t  r e c o g n i z a b l e ,  s u l c u s  a r e a  w i t h o u t  t h i c k e n e d  r i m .  Both  

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

P i n u s p o l l e n i t e s  o r  e v e n  m ore ,  o v e r  b o t h  p o l e s .  L o n g e s t  d i a m 

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

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

The f i n e  mesh o f  t h e  i n f r a r e t i c u l u m  o f  t h e  s a c c i  i s  e s s e n t i 

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

As d e f i n e d  i n  t h i s  p a p e r ,  t h e  g e n u s  P o d o c a r p i d i t e s  

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

w a l l .  The t u b e  c e l l  i s  c i r c u l a r  t o  e l l i p t i c a l  i n  p o l a r  v i e w ,  

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

s e c t i o n ,  w i t h  an  o b s c u r e  i n t e r n a l  r e t i c u l u m ,  and  a  lo n g  

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

PODOCARPIDITES c f .  P. BIFORMIS R o u se ,  1957 

P l a t e  7 ,  f i g s .  4 and 5 

G r a i n s  b i l a t e r a l ;  b i s a c c a t e ;  t u b e  c e l l  c i r c u l a r  t o  

e l l i p t i c a l  i n  p o l a r  v i e w ;  t u b e  c e l l  w a l l  2 . 5 - 4 . 0  m ic ro n s  

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

n o r m a l l y  n a r r o w ;  s a c c i  l a r g e ,  i n f l a t e d ,  l o n g e s t  d i a m e t e r  

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

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

l a r ,  lumens s m a l l ;  d i a m e t e r  o f  c e n t r a l  body 2 2 - 5 1  m i c r o n s ,  

a v e r a g e  37 m i c r o n s ;  w i d t h  o f  s a c c i  2 0 - 4 3  m i c r o n s ,  a v e r a g e  31 

m i c r o n s .

R o u s e ' s  d e s c r i p t i o n  o f  P. b i f o r m i s  i s  q u i t e  b r i e f  

and  h e  d o es  n o t  m e n t i o n  a  t h i c k  t u b e  c e l l  w a l l ;  h o w e v e r ,  h i s  

p h o t o g r a p h  o f  t h e  t y p e  s p e c im e n  seems t o  show t h e  p r e s e n c e  

o f  a t h i c k e n e d  r im  s u r r o u n d i n g  t h e  t u b e  c e l l .  B e c a u se  t h e  

s i z e  r a n g e  and  o r n a m e n t a t i o n  o f  P. b i f o r m i s  a p p e a r  s i m i l a r  

t o  t h e  Wyoming s p e c im e n s  t h e y  h a v e  b e e n  r e f e r r e d  t o  t h a t  

s p e c i e s .  Rouse d e s c r i b e d  P. b i f o r m i s  f rom  t h e  Oldman Form a

t i o n  (Upper  C r e t a c e o u s )  o f  ^ I b e r t a .  He l a t e r  (1959)  r e c o g 

n i z e d  t h e  same s p e c i e s  i n  t h e  K o o t e n a i  F o r m a t i o n  (Lower 

C r e t a c e o u s )  o f  B r i t i s h  C o lu m b ia .

A f f i n i t y :  As t h e  name i m p l i e s ,  t h i s  g e n u s  i s  p r o b 

a b l y  r e l a t e d  t o  t h e  P o d o c a r p a c e a e .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  m in o r  a b u n d a n c e

i n  a l l  f o r m a t i o n s  s t u d i e d  w i t h  t h e  e x c e p t i o n  o f  t h e  S h e l l  

C re e k  S h a l e ,  B ig  Horn C o u n ty ,  and  t h e  L a k o ta  an d  N e w c a s t l e  

F o r m a t i o n s  i n  Crook and  W eston  C o u n t i e s .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 6 3 6 - 3 - 4 ,  and  OPC

635A-14-2, Skull Creek Shale, Weston County.
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Genus RUGUBTVESICULITES ( P i e r c e ,  1961) emend.

G r a i n s  b i s a c c a t e ,  t u b e  c e l l  s u b s p h e r i c a l  t o  o v a t e  

w i t h  r u g o s e  p r o x i m a l  o r n a m e n t a t i o n ;  s a c c i  s m a l l e r  t h a n  c e n 

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

r a d i a t i n g  o u t w a r d  f rom  t u b e  c e l l .

Type s p e c i e s :  R u g u b i v e s i c u l i t e s  c o n v o l u t u s  P i e r c e ,  1961

(p .  39 ,  p i .  2 ,  f i g .  5 7 ) .

P i e r c e  e r e c t e d  t h i s  g en u s  t o  c o n t a i n  "two w in g ed  

p o l l e n  w i t h  r u g u l a t e  d e s i g n  on c a p . "  P i e r c e ' s  d i a g n o s i s  i s  

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

G r a i n s  i n c l u d e d  i n  t h i s  genus  a r e  q u i t e  s i m i l a r  t o  p o l l e n  o f  

t h e  modern c o n i f e r  g e n u s  D a c r y d iu m .

RUGUBIVESICULITES SP. A 

P l a t e  7 ,  f i g .  7 

Symmetry b i l a t e r a l ;  b i s a c c a t e ;  t u b e  c e l l  o v a t e  i n  

p o l a r  v i e w ,  s u b c i r c u l a r  i n  s i d e  v ie w ;  p r o x i m a l  s u r f a c e  c o v 

e r e d  by c o a r s e ,  c l o s e l y  s p a c e d ,  c o n v o l u t e d ,  sm oo th ,  r u g o s e  

r i d g e s ,  2 - 4  m i c r o n s  h i g h ;  d i s t a l  f u r r o w  b r o a d ;  s a c c i  s m a l l e r  

t h a n  t u b e  c e l l ,  t h i c k e n e d  p r o x i m a l  r o o t s  p r e s e n t ,  s a c c i  i n -  

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

v i e w ,  o v e r l a p p i n g  t u b e  c e l l  a p p r o x i m a t e l y  1 /3  t o  1 /2  s a c c u s  

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

o v e r a l l  l e n g t h  ( i n c l u d i n g  s a c c i )  5 8 -7 2  m i c r o n s ;  d i a m e t e r  o f
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t u b e  c e l l  3 3 -5 0  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 8 3 9 B -4 -2 ,  S h e l l

Creek  S h a l e ,  B ig  Horn C o u n ty ,  Wyoming. O v e r a l l  l e n g t h  66 

m i c r o n s ;  tu b e  c e l l  4 0 . 6 - 4 3 . 2  m ic ro n s  ( i n c l u d i n g  o r n a m e n t a t i o n ) .

A f f i n i t y :  Genus Dacryd ium ,  f a m i l y  P o d o c a r p a c e a e .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  m in o r  a b u n d a n c e

o n l y  i n  t h e  N e w c a s t l e  F o r m a t i o n ,  Weston C o u n ty ,  and  i n  t h e  

S h e l l  C reek  S h a l e ,  B ig  Horn County .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 8 3 9 B - 4 - 2 ,  S h e l l

Creek  S h a l e ,  B ig  Horn  Coun ty .

Genus PARVISACCITES C o u p e r ,  1958 

Type s p e c i e s :  P a r v i s a c c i t e s  r a d i a t u s  C o u p e r ,  1958 (p .  154,

p i .  2 9 ,  f i g s .  5 - 8 ,  p i .  30 ,  f i g s .  1 - 2 ) .

PARVISACCITES SP. A 

P l a t e  7 ,  f i g .  6

G r a i n s  b i l a t e r a l ;  b i s a c c a t e ;  body o f  g r a i n  s p h e r i c a l  

t o  o v a t e ;  e x i n e  2 . 5 - 3 . 5  m ic ro n s  t h i c k  i n  p r o x i m a l  and  e q u i -  

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

l o s e  t o  v e r r u c o s e ;  s a c c i  q u i t e  s m a l l  i n  r e l a t i o n  t o  t u b e  

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

s l i g h t l y  g r a n u l a r ;  s a c c i  p o s s e s s  i n t e r n a l  t h i c k e n i n g s .  One 

m i c r o n  o r  l e s s  b r o a d  a r r a n g e d  r a d i a l l y  w i t h  r e s p e c t  t o
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c e n t r a l  b o d y ;  maximum d i a m e t e r  o f  t u b e  c e l l  3 5 -5 4  m i c r o n s ;  

s a c c i  2 0 - 3 3  m i c r o n s  l o n g ,  7 -11  m ic ro n s  w id e .

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

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

o r n a m e n t a t i o n  o f  t h e  t u b e  c e l l  i s  somewhat d i f f e r e n t  and  t h e  

s i z e  r a n g e  i s  s m a l l e r .

A f f i n i t y :  P o s s i b l y  r e l a t e d  t o  t h e  g en u s  D a c r y d iu m ,

f a m i l y  P o d o c a r p a c e a e .

S t r a t i g r a p h i e  o c c u r r e n c e :  T h i s  g en u s  i s  q u i t e  r a r e

and t h e  two s p e c i e t  r e c o g n i z e d  i n  t h i s  p a p e r  w e re  g r o u p e d  

t o g e t h e r  i n  t h e  a s s e m b l a g e  c o u n t s .  The g en u s  P a r v i s a c c i t e s  

o c c u r s  a s  a  r a r e  e l e m e n t  o f  t h e  s p o r e  f l o r a  o f  t h e  R u s ty  

beds  and  T h e r m o p o l i s  S h a l e  i n  T e to n  Coun ty  and o f  t h e  L a k o t a ,  

F a l l  R i v e r ,  and  S k u l l  C reek  F o r m a t i o n s  i n  Crook and  Weston 

C o u n t i e s .

F i g u r e d  s p e c i m e n ;  S l i d e  No. OPC 6 3 4 R - 1 - 1 ,  F a l l  

R i v e r  F o r m a t i o n ,  W es ton  C oun ty .

PARVISACCITES SP. B 

P l a t e  7 ,  f i g .  8

G r a i n s  b i l a t e r a l ;  b i s a c c a t e ;  t u b e  c e l l  o v a l ;  e x i n e  

p u n c t a t e  t o  m i c r o r e t i c u l a t e ,  e x i n e  3 . 0 - 4 . 5  m i c r o n s  t h i c k  

p r o x i m a l l y  an d  e q u a t o r i a l l y , t h i n n e r  d i s t a l l y ;  s a c c i  a t t a c h e d  

d i s t a l l y ,  s m a l l  i n  r e l a t i o n  t o  t u b e  c e l l ,  s a c c i  o r n a m e n te d
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w i t h  t h i n ,  i n t e r n a l  t h i c k e n i n g s  r a d i a l l y  d i s p o s e d  f rom t u b e  

c e l l ;  when s e e n  i n  p o l a r  v ie w  s a c c i  show o b s c u r e  i n t e r v a l  

r e t i c u l a t e  t h i c k e n i n g s  i n  a d d i t i o n  t o  r a d i a l  s t r u c t u r e ;  

l e n g t h  o f  t u b e  c e l l  2 5 - 5 8  m i c r o n s ,  w i d t h  2 7 - 5 3  m i c r o n s ;  s a c c i  

18 -39  m i c r o n s  l o n g .

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

A f f i n i t y :  P o s s i b l y  r e l a t e d  t o  t h e  P o d o c a r p a c e a e .

S t r a t i g r a p h i e  o c c u r r e n c e :  Spec im ens  a s s i g n e d  t o

t h i s  s p e c i e s  a r e  p r e s e n t  i n  t h e  L a k o ta  F o r m a t i o n ,  Crook 

C o u n t y .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 3 D - 2 -1 ,  L a k o ta

F o r m a t i o n ,  Crook C o u n ty .

Turma ALETES I b r a h i m ,  1933

S u b tu rm a  AZONOALETES L u b e r ,  1935 emend.

P o t o n i e  and  Kremp, 1954

I n f r a t u r m a  GRANULONAPITI C ookson ,  1947

Genus INAPERTUROPOLLENITES P f l u g  i n  Thomson and  P f l u g ,  1953 

Type s p e c i e s  : I n a p e r t u r o p o l l e n i t e s  d u b i u s  ( P o t o n i e  and

V e n i t z ,  1934) Thomson and  P f l u g ,  1953 (p .  65 ,  

p i .  4 ,  f i g .  89,  p i .  5 ,  f i g s ,  1 - 1 3 ) .

1934 ,  P o l l e n i t e s  magnus d u b i u s  P o t o n i e  and
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V e n i t z  (p .  17,  p l .  2 ,  f i g s .  2 0 - 2 1 ) .

P a l y n o l o g i c a l  l i t e r a t u r e  i s  b u r d e n e d  w i t h  a com plex  

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

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

A r a u c a r i a c i t e s  and  I n a p e r t u r o p o l l e n i t e s  seem t o  be t h e  m o s t  

w i d e l y  a c c e p t e d .  A c c o r d i n g  t o  P o t o n i e  (1958)  A r a u c a r i a c i t e s  

c o n t a i n s  o n l y  g r a n u l a r  fo rm s  and  t h e  g en u s  I n a p e r t u r o p o l l e n - 

i t e s  i s  r e s e r v e d  f o r  sm ooth  o r  i n f r a p u n c t a t e  g r a i n s .  The 

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

n e a r l y  sm o o th  fo rm s  t o  d i s t i n c t l y  g r a n u l a r  s p e c i m e n s .  To 

a t t e m p t  t o  make a  g e n e r i c  s p l i t  on t h e  b a s i s  o f  e x i n e  o r n a 

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

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

h e r e i n  r e g a r d e d  a s  a  synonym o f  I n a p e r t u r o p o l l e n i t e s  and  

P o t o n i e ' s  1958 e m e n d a t i o n  o f  t h e  g en u s  i s  n o t  r e c o g n i z e d .  As 

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

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

s p h e r i c a l  t o  o v a t e ,  i n a p e r t u r a t e  g r a i n s ,  some o f  which, may 

be s p l i t  o p e n  a s  i n  m odern  s p e c im e n s  o f  T a x o d iu m . S e c o n d a r y  

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

INAPERTUROPOLLENITES SP. A 

P l a t e  8 ,  f i g s .  1,  2 ,  5 ,  and  9 

S p ec im en s  r e f e r r e d  t o  t h i s  s p e c i e s  fo rm  a g r a d a t i o n a l
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s e r i e s  f rom  f i n e l y  g r a n u l a r  t o  d i s t i n c t l y  g r a n u l a r  f o r m s .  

They a r e  f r e q u e n t l y  fo u n d  s p l i t  o p e n ,  i n d i c a t i n g  t h a t  g e r m i 

n a t i o n  o f  t h e  g r a i n s  was o f  t h e  same t y p e  a s  i n  t h e  modern  

g en u s  T a x o d iu m . E x in e  t h i c k n e s s  i s  l e s s  t h a n  one  m i c r o n  

a nd  s e c o n d a r y  f o l d s  a r e  q u i t e  common. D i a m e t e r  o f  t h e  s p e c i 

mens r a n g e s  f rom  18-55 m i c r o n s  w i t h  a n  a v e r a g e  o f  24 m i c r o n s ,  

T y p i c a l  s p e c im e n :  S l i d e  No. OPC 63 5 A -3 -6 ,  S k u l l

C reek  S h a l e ,  Weston C o u n ty ,  Wyoming. D ia m e te r  3 4 . 0 - 3 5 . 6  

m i c r o n s .

A f f i n i t y :  P r o b a b ly  r e l a t e d  t o  t h e  T a x o d i a c e a e  and

i n  p a r t  t o  t h e  A r a u c a r i a c e a e .

S t r a t i g r a p h i e  o c c u r r e n c e :  I n a p e r t u r o p o l l e n i t e s  s p .

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

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 635A-3-6  an d  OPC

6 3 6 - 4 - 5 ,  S k u l l  Creek  S h a l e ,  W eston  C o u n ty ,  OPC 6 4 3 A -8 -1 ,  

R u s ty  b e d s ,  T e to n  C o u n ty ,  and  OPC 8 4 7 D -4 -8 ,  T h e rm o p o l i s  

S h a l e ,  B ig  Horn  Coun ty .
/

INAPERTUROPOLLENITES c f .  I .  MAGNUS ( P o t o n i e ,  1931)  

Thomson an d  P f l u g ,  1953 

P l a t e  8 ,  f i g .  3 

1931 ,  S p o r o n i t e s  magnus P o t o n i ^  (p .  556 ,  f i g .  1 ) .

1934 ,  P o l l e n i t e s  magnus ( P o to n i e ^  1931) P o t o n i e  (p .  4 8 ,  p i .

6 ,  f i g .  5 ) .
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G r a i n s  r a d i a l ;  i n a p e r t u r a t e ;  s p h e r i c a l  t o  s u b s p h e r i 

c a l ;  a l l  s p e c i m e n s  w i t h  num erous  s e c o n d a r y  f o l d s ;  e x i n e  l e s s  

t h a n  one  m i c r o n  t h i c k ,  l a e v i g a t e  t o  f i n e l y  g r a n u l a r ;  d i a m e t e r  

6 3 -1 0 4  m i c r o n s .

The s i z e  r a n g e  o f  t h e  Wyoming s p e c im e n s  i s  s l i g h t l y  

s m a l l e r  t h a n  t h e  r a n g e  o f  t h e  s p e c i e s  a s  g i v e n  by P o t o n i e  

i n  1934 ( 8 0 -1 0 0  m i c r o n s )  b u t  t h e y  seem t o  be o t h e r w i s e  

c o m p a r a b l e .

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

A r a u c a r i a c e a e .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  a s  a  m i n o r  e l e m e n t

i n  t h e  T h e r m o p o l i s  S h a l e ,  T e t o n  C o u n ty ,  t h e  T h e r m o p o l i s  S h a le  

and  Muddy S a n d s t o n e ,  B ig  Horn  C o u n ty ,  and  i n  t h e  S k u l l  C reek  

and  N e w c a s t l e  F o r m a t i o n s  i n  Weston C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 5 A -1 -1 9 ,  S k u l l

C reek  S h a l e ,  W es ton  C o u n ty .

INAPERTUROPOLLENITES c f .  I  PATELLAEFORMIS 

Weyland and  C r e i f e l d ,  1953 

P l a t e  8 ,  f i g .  7

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

p r o b a b l y  o r i g i n a l l y  s p h e r i c a l ;  e x i n e  a b o u t  one  m i c r o n  t h i c k ,  

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

d i a m e t e r  2 7 - 5 1  m i c r o n s .
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T h i s  f e a t u r e l e s s ,  r a t h e r  n o n d e s c r i p t  s p e c i e s  i s  

f a i r l y  common i n  t h e  F a l l  R i v e r  and  S k u l l  Creek  F o r m a t i o n s .

I t  c l o s e l y  r e s e m b l e s  1.  p a t e l l a e f o r m i s  w h ich  Weyland an d  

G r e i f e l d  d e s c r i b e d  from t h e  Upper  C r e t a c e o u s  o f  Germany.

A f f i n i t y :  P r o b a b l y  r e l a t e d  t o  t h e  A r a u c e r i a c e a e .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  m in o r  a b u n d a n c e

i n  t h e  u p p e r  p a r t  o f  t h e  T h e r m o p o l i s  S h a l e  and  i n  t h e  S h e l l  

C reek  S h a l e  i n  B ig  Horn C o u n ty .  F a i r l y  common i n  t h e  F a l l  

R i v e r  and  S k u l l  C reek  F o r m a t i o n s  i n  Weston  C oun ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 5 A -7 -5 ,  S k u l l

C reek  S h a l e ,  W es ton  C o u n ty .

INAPERTUROPOLLENITES SP. B 

P l a t e  8 ,  f i g s .  4 and  6

G r a i n s  r a d i a l ;  i n a p e r t u r a t e ;  o c c a s i o n a l l y  s p l i t  o p en  

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

o f t e n  f o l d e d  and  c o m p r e s s e d ;  e x i n e  l e s s  t h a n  one  m i c r o n  

t h i c k ,  f a i n t l y  t o  d i s t i n c t l y  g r a n u l a r ;  d i a m e t e r  7 -1 9  m i c r o n s .

T y p i c a l  s p e c i m e n ;  S l i d e  No. OPC 8 3 7 D -1 2 -2 ,  T h e r 

m o p o l i s  S h a l e ,  B ig  Horn C o u n ty ,  Wyoming. D i a m e t e r  1 8 .5  

m i c r o n s .

T h i s  s p e c i e s  i s  s i m i l a r  t o  ^  s p .  A e x c e p t  t h a t  t h e  

s i z e  r a n g e  i s  s m a l l e r .  A s i z e  f r e q u e n c y  s t u d y  o f  400 g r a n u 

l a r ,  i n a p e r t u r a t e  g r a i n s  from t h e  Wyoming s a m p le s  g i v e s  a
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s l i g h t l y  b im o d a l  c u r v e ,  i n d i c a t i n g  t h a t ,  i n  t h i s  c a s e ,  a 

s p e c i e s  s p l i t  on t h e  b a s i s  o f  s i z e  may be v a l i d .

A f f i n i t y :  L ik e  I .  s p .  A, t h i s  s p e c i e s  i s  p r o b a b l y

r e f e r a b l e  t o  t h e  T a x o d i a c e a e  o r  t h e  A r a u c a r i a c e a e .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  T h e r m o p o l i s

S h a l e  i n  T e to n  C o u n ty .  F a i r l y  a b u n d a n t  i n  t h e  R u s ty  beds 

and  T h e r m o p o l i s  S h a l e  i n  H ot  S p r i n g s  County  an d  i n  t h e  T h e r 

m o p o l i s  S h a l e ,  Muddy S a n d s t o n e ,  and  S h e l l  C reek  S h a l e  i n  Big  

H orn  C o u n ty .  P r e s e n t  i n  m i n o r  a b u n d a n c e  i n  t h e  F a l l  R i v e r  

and  S k u l l  C reek  F o r m a t i o n s  i n  Weston C oun ty .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 8 3 7 D -1 2 -2 ,  and

OPC 8 3 7 D -1 2 -4 ,  T h e r m o p o l i s  S h a l e ,  Big  Horn  C o u n ty .

INAPERTUROPOLLENITES SP. C 

P l a t e  8 ,  f i g .  8

G r a i n s  r a d i a l ;  i n a p e r t u r a t e ;  s u b s p h e r i c a l  t o  o v a t e ,  

f r e q u e n t l y  f o l d e d  and  c o m p r e s s e d ;  e x i n e  one  m i c r o n  o r  l e s s  

t h i c k ,  o r n a m e n te d  w i t h  c l o s e l y  s p a c e d ,  r o u n d e d  g r a n u l e s  and 

v e r r u c a t e  p r o j e c t i o n s  a p p r o x i m a t e l y  one m i c r o n  w id e  and one 

m i c r o n  h i g h ,  many g r a n u l e s  a p p e a r i n g  gemmate;  d i a m e t e r  2 1 -6 1  

m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 6 3 5 B - 4 - 1 ,  S k u l l

Creek  S h a l e ,  W eston  C o u n ty ,  Wyoming. D im e n s io n s  6 0 . 9 - 4 1 . 0  

m i c r o n s .



Ill
T h i s  s p e c i e s  i s  d i s t i n g u i s h e d  by t h e  t h i c k ,  g r a n u l a r  

t o  gemmate o r n a m e n t a t i o n .  The Wyoming s p e c im e n s  a r e  r a t h e r  

s i m i l a r  t o  A r a u c a r i c i t e s  a u s t r a l i s  Cookson,  1947.

A f f i n i t y :  The m os t  l i k e l y  a f f i n i t y  f o r  t h i s  s p e c i e s

i s  w i t h  t h e  A r a u c a r i a c e a e .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  m in o r  a b u n d a n c e

i n  t h e  T h e r m o p o l i s  S h a l e  i n  T e to n  C oun ty ,  i n  t h e  R u s ty  beds  

i n  Hot S p r i n g s  County  and  i n  t h e  T h e rm o p o l i s  S h a l e  i n  B ig  

Horn C o u n ty .  A l s o  i n  t h e  S k u l l  Creek  S h a le  i n  Weston C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 5 B -4 -1 ,  S k u l l

C reek  S h a l e ,  Weston  C o u n ty .

INAPERTUROPOLLENITES SP„ D 

P l a t e  8 ,  f i g .  10

G r a i n s  r a d i a l ;  i n a p e r t u r a t e ;  s p h e r i c a l  t o  o v a t e ,  

s e c o n d a r y  f o l d s  u s u a l l y  p r e s e n t ;  e x i n e  1 . 0 - 1 . 5  m i c r o n s  t h i c k ,  

v e r y  f i n e l y  p u n c t a t e ,  p i t s  s h a l l o w ,  l e s s  t h a n  one m i c r o n  i n  

d i a m e t e r  and  s p a c e d  l e s s  t h a n  one  m ic ro n  a p a r t ;  d i a m e t e r  2 5 -  

66 m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 6 3 5 A -1 -2 ,  S k u l l

Creek  S h a l e ,  W eston  C o u n ty ,  Wyoming. D ia m e te r  5 0 .8  m i c r o n s .

The r e l a t i v e l y  t h i c k  w a l l  and p u n c t a t e  o r n a m e n t a t i o n  

c h a r a c t e r i z e  t h i s  s p e c i e s .

A f f i n i t y :  P r o b a b l y  an  a r a u c a r i a c e a n  g r a i n .
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S t r a t i g r a p h i e  o c c u r r e n c e  : P r e s e n t  i n  m in o r  a b u n 

d a n c e  i n  t h e  Muddy S a n d s t o n e ,  T e to n  C o u n ty ,  i n  t h e  u p p e r  

p a r t  o f  t h e  T h e r m o p o l i s  S h a l e  and  i n  t h e  Muddy S a n d s to n e  i n  

B ig  Horn  C o u n ty .  P r e s e n t  a s  a  t r a c e  i n  t h e  S k u l l  C reek  S h a le  

i n  Weston  Coun ty

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 5 A - 1 -2 ,  S k u l l

Creek  S h a l e ,  W es ton  Coun ty .

INAPERTUROPOLLENITES SP. E 

P l a t e  8 ,  f i g .  11

G r a i n s  r a d i a l ;  i n a p e r t u r a t e ;  s u b s p h e r i c a l ;  e x i n e  1 .0  

- 1 . 5  m i c r o n s  t h i c k  and  th ro w n  i n t o  f o l d s  3 - 5  m i c r o n s  w i d e ,  

5 -1 0  m i c r o n s  h i g h ,  w h ic h  i n c l o s e  p o l y g o n a l  lumens  10-18  

m i c r o n s  b r o a d ,  e x i n e  o t h e r w i s e  l a e v i g a t e ;  o v e r a l l  d i a m e t e r  

6 3 -9 9  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 634M -5-1 ,  F a l l

R i v e r  F o r m a t i o n ,  Weston  C o u n ty ,  Wyoming. D im e n s io n s  7 1 . 1 -

7 3 .7  m i c r o n s .

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

s p e c i e s  seems t o  be due t o  f o l d i n g  o f  t h e  e x i n e  r a t h e r  t h a n  

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

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  o n l y  i n  s a m p le s

OPC 634BF and OPC 634m  of the Fall River Formation, Weston



113

C o u n t y .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 634M-5-1 ,  F a l l

R i v e r  F o r m a t i o n ,  W es to n  C oun ty .

/
Turma PLICATES ( P l i c a t a  Naumova, 1937,  1939) P o t o n i e ,  1960

/
S u b tu rm a  PRAECOLPATES P o t o n i e  and  Kremp, 1954

Genus EUCOMMIIDITES E rd tm an ,  1948 emend. C o u p e r ,  1958 

Type s p e c i e s :  E u c o m m i i d i t e s  t r o e d s s o n i i  (E rd tm a n n ,  1948)

C ouper  (p .  1 6 0 -1 6 5 ,  p i .  31 ,  f i g s .  2 3 - 2 7 ,  t e x t  

f i g .  1 1 ) .

1948 ,  T r i c o l p i t e s  (E u c o m m i i d i t e s ) t r o e d s s o n i i  

E rd tm a n  (p .  2 6 7 ,  f i g s .  5 - 1 0 ,  1 3 - 1 5 ) .  

EUCOMMIIDITES MINOR G ro o t  an d  Penny ,  1960 

P l a t e  8 ,  f i g s .  12 and  13 

T h i s  i s  a  r a r e  s p e c i e s  i n  t h e  Wyoming Lower C r e t a 

ce o u s  b u t  i t s  r e l a t i v e l y  t h i c k  e x i n e  and  a s y m m e t r i c a l  d e v e l 

opment o f  t h e  c o l p a e  make i t  e a s i l y  r e c o g n i z a b l e .  E x c e p t  

f o r  i t s  s m a l l e r  s i z e ,  t h i s  s p e c i e s  i s  s i m i l a r  t o  E. 

t r o e d s s o n i i . F i g u r e  14 o f  E rd tm an  (1 9 4 8 ,  p .  267)  i n  p a r t i c 

u l a r  i s  s i m i l a r  t o  some o f  t h e  Wyoming s p e c i m e n s .  G r o o t  and  

Penny d e s c r i b e d  E. m in o r  f rom  t h e  P a t a p s c o  F o r m a t i o n  (Lower 

C r e t a c e o u s )  o f  M a r y l a n d .

A f f i n i t y  : P r o b a b l y  a gymnospermous g r a i n  o f  unknown
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a f f i n i t y .

S t r a t i g r a p h i e  o c c u r r e n c e :  O c c u r s  a s  a r a r e  e l e m e n t

o f  t h e  s p o r e  f l o r a  o f  t h e  R u s ty  beds  and  Muddy S a n d s to n e  i n  

T e to n  C oun ty .  P r e s e n t  a s  a  t r a c e  i n  t h e  T h e r m o p o l i s  S h a l e  

and  Muddy S a n d s to n e  i n  Big  Horn Coun ty  an d  i n  t h e  F a l l  R i v e r  

F o r m a t i o n  i n  Weston County

F i g u r e d  s p e c i m e n s ;  S l i d e s  No CPC 8 3 8 B -9 -1 ,  Muddy 

S a n d s t o n e ,  Big  Horn C o u n ty ,  and  OPC 6 3 6 K - 6 -2 ,  F a l l  R i v e r  

F o r m a t i o n ,  W es ton  C o u n ty .

Sub tu rm a  POLYPLICATES E r d tm a n ,  1952

Genus EPHEDRIPITES B o l c h o v i t i n a , 1953 

Type s p e c i e s :  E p h e d r i p i t e s  m e d i o l o b a t u s  B o l c h o v i t i n a ,  1953

(p .  60 ,  p i .  9 ,  f i g .  15,  p i .  I I ,  f i g .  12 0 ) ,  

EPHEDRIPITES SP 

P l a t e  8 ,  f i g .  16 

Two g r a i n s  a s s i g n a b l e  t o  t h e  g e n u s  E p h e d r i p i t e s  w ere  

o b s e r v e d  i n  t h e  F a l l  R i v e r  F o r m a t i o n .  A d e s c r i p t i o n  o f  

t h e s e  s p e c im e n s  f o l l o w s ■

G r a i n s  b i l a t e r a l ;  f u s i f o r m ;  p o l y c o l p a t e  , a p p r o x i m a t e l y  

16 f u r r o w s  s e p a r a t e d  by r i d g e s  v i s i b l e  on  one s u r f a c e ;  r i d g e s  

l a e v i g a t e ,  1 . 5 - 3 , 0  m i c r o n s  w id e  and  m e r g in g  a t  p o l e s ;  p o l a r  

a r e a  t h i c k e n e d ;  w a l l  1 . 5 - 2 . 0  m i c r o n s  t h i c k ,  l e n g t h  76 and  86
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m i c r o n s ,  maximum e q u a t o r i a l  d i a m e t e r  4 3 . 2  and  4 3 , 2  m ic ro n s  

(two s p e c i m e n s ) .

A f f i n i t y :  P r o b a b ly  r e l a t e d  t o  t h e  E p h e d r a c e a e ,

S t r a t i g r a p h i e  o c c u r r e n c e :  Sample OPC 634N and sam ple

OPC 634Q o f  t h e  F a l l  R i v e r  F o r m a t i o n ,

F i g u r e d  s p e c i m e n :  S l i d e  No, OPC 6 3 4 Q -1 -7 ,  F a l l

R i v e r  F o r m a t i o n ,  Weston C oun ty ,

Subturma MONOCOLPATES 

I v e r s e n  and T r o e l s - S m i t h , 1950

Genus CLAVATIPOLLENITES C o u p e r ,  1958 

Type s p e c i e s :  C l a v a t i p o l l e n i t e s  h u g h e s i i  C o u p e r ,  1958 (p ,

159,  p i ,  31 ,  f i g s ,  1 9 - 2 2 ) ,

CLAVATIPOLLENITES c f ,  C, HUGHESII C o u p e r ,  1958

P l a t e  9 ,  f i g ,  1 

G r a i n s  b i l a t e r a l ;  m o n o s u l c a t e ;  o v a t e  t o  s u b s p h e r i c a l ;  

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

s e x i n e  t e c t a t e ,  f o rm in g  a f i n e  r e t i c u l u m  i n  s u r f a c e  v ie w ;  

lumens o f  r e t i c u l u m  p o l y g o n a l ,  1 ,5  m ic ro n s  o r  l e s s  i n  d ia m 

e t e r ,  r e t i c u l u m  1 , 0 - 1 , 5  m ic ro n s  h i g h ;  e x i n e  e x c l u s i v e  o f  

s e x i n e ,  1 , 0 - 1 . 5  m i c r o n s  t h i c k ,  o v e r a l l  d i a m e t e r  2 2 - 3 1  m i c r o n s .

P o l l e n s  o f  t h i s  t y p e  a r e  q u i t e  s i m i l a r  t o  t h e  i l l u s 

t r a t i o n s  and  d e s c r i p t i o n  o f  t h e  g e n o t y p e  f rom t h e  Weald en
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and  A p t i a n  o f  B r i t a i n .  They a l s o  r e s e m b l e  L i l i a c i d i t e s  v a r - 

i e g a t u s  C o u p e r ,  1953 ,  f rom  t h e  Upper C r e t a c e o u s  o f  New 

Z e a l a n d .

A f f i n i t y :  P r o b a b l y  an  a n g i o s p e r m o u s  g r a i n  o f  unknown

a f f i n i t y .

S t r a t i g r a p h i e  o c c u r r e n c e  : O c c u r s  i n  m in o r  a b u n d a n c e

i n  t h e  T h e r m o p o l i s  S h a l e  i n  T e to n  C o u n ty ,  i n  t h e  S h e l l  C reek  

S h a l e  i n  B ig  Horn  C o u n ty ,  and  i n  t h e  L a k o t a ,  F a l l  R i v e r ,

S k u l l  C reek  and  N e w c a s t l e  F o r m a t i o n s  i n  Crook and Weston 

C o u n t i e s ,

F i g u r e d  s p e c i m e n :  S l i d e  No, OPC 6 3 4 1 - 3 - 5 ,  F a l l  R i v e r

F o r m a t i o n ,  Weston  C o u n ty .

CLAVATIPOLLENITES SP. A 

P l a t e  9 ,  f i g s .  2 and  3

G r a i n s  b i l a t e r a l ;  m o n o s u l c a t e ;  o b l a t e ,  r a r e l y  s u b -  

s p h e r i c a l ;  s u l c u s  l o n g ,  n a r r o w ,  p o o r l y  v i s i b l e ,  s e x i n e  t e c 

t a t e ,  f o r m i n g  a  r e t i c u l a t e  p a t t e r n  i n  s u r f a c e  v i e w ,  lumens 

o f  r e t i c u l u m  p o l y g o n a l ,  u n e q u a l  i n  s i z e ,  1 , 0 - 2 . 0  m ic ro n s  

b r o a d ,  m u r i  1 . 0 - 1 . 5  m i c r o n s  h i g h ;  s e x i n e  o f t e n  t o r n  away r e 

v e a l i n g  l a e v i g a t e  n e x i n e  l a y e r ;  o v e r a l l  l e n g t h  1 5 -3 1  m i c r o n s ;  

o v e r a l l  w i d t h  1 0 -1 8  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 6 3 7 J - 2 - 3 ,  N e w c a s t l e

Formation, -Weston County, Wyoming. Dimensions 29.0-17.8
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r a i e r o n s .

T h i s  s p e c i e s  i s  raore e l o n g a t e  and  h a s  soraewhat 

c o a r s e r  o r n a m e n t a t i o n  t h a n  d o es  C. h u g h e s i i .

A f f i n i t y :  P r o b a b l y  r e l a t e d  t o  t h e  a n g i o s p e r r a s .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  Therraopo-

l i s  S h a l e ,  T e to n  a n d  B ig  Horn C o u n t i e s ,  and  i n  t h e  F a l l  

R i v e r ,  S k u l l  C r e e k ,  and  N e w c a s t l e  F o r m a t i o n s  i n  Weston 

C o u n ty .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 6 3 7 J - 2 - 3 ,  and

OPC 6 3 7 J - 1 - 7 ,  N e w c a s t l e  F o r m a t i o n ,  Weston  C o u n ty .

CLAVATIPOLLENITES SP. B 

P l a t e  9 ,  f i g .  4

G r a i n s  b i l a t e r a l ;  m o n o s u l c a t e ;  s p h e r i c a l  t o  s u b o v a t e ;  

s u l c u s  g e n e r a l l y  n a r r o w ,  e x t e n d s  2 / 3 - 3 / 4  d i a m e t e r  o f  g r a i n ;  

e x i n e  t h i n ,  s e x i n e  t e c t a t e  g i v i n g  g r a i n  a  m i n u t e l y  p u n c t a t e  

t o  i r r e g u l a r  m i c r o r e t i c u l a t e  a p p e a r a n c e  i n  s u r f a c e  v ie w ,  

t e c t u m  l e s s  t h a n  on e  m i c r o n  h i g h ;  d i a m e t e r  1 7 -3 1  m i c r o n s .

Too few  s p e c i m e n s  o f  t h i s  t y p e  o f  p o l l e n  g r a i n  w ere  

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

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

a n g i o s p e r r a s .

S t r a t i g r a p h i e  o c c u r r e n c e :  R are  i n  t h e  T h e rm o p o l i s

Shale in Teton and Big Horn Counties. Present as a trace in
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t h e  s p o r e  f l o r a s  o f  t h e  S k u l l  C reek  S h a le  and  N e w c a s t l e  F o r 

m a t i o n  i n  W eston  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 5 A -5 -9 ,  S k u l l

Creek  S h a l e ,  W es ton  C oun ty .

/
I n f r a t u r m a  MONOPTYCHES (Naumova, 1937) P o t o n i e ,  1958

Genus PALMAEPOLLENITES P o t o n i ^ ,  1951 

Type s p e c i e s  : P a l m a e p o l l e n i t e s  t r a n q u i l l u s  ( P o to n i e ^  1934)

P o t o n i ^  1951 ( p i .  2 0 ,  f i g s .  30 and  3 1 a ) .

1934 P o l l e n i t e s  t r a n q u i l l u s  P o t o n i ^  (p .  51 ,  

p i .  1 ,  f i g s . 3 and  8 ) .

PALMAEPOLLENITES SP. A 

P l a t e  9 ,  f i g .  5

G r a i n s  b i l a t e r a l ;  m o n o c o l p a t e ;  s p h e r i c a l  t o  s u b o v a t e ;  

c o l p u s  f a i r l y  n a r r o w ,  e n d s  b l u n t ,  3 / 4 - 4 / 5  d i a m e t e r  o f  g r a i n  

i n  l e n g t h ;  e x i n e  1 . 0 - 2 . 0  m i c r o n s  t h i c k ;  s e x i n e  g r a n u l a r ,  

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

1 . 0 - 3 . 0  m i c r o n s  b r o a d ,  l e s s  t h a n  on e  m i c r o n  h i g h ;  o v e r a l l  

d i a m e t e r  3 3 -4 4  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 6 3 7 C - 2 - 4 ,  N e w c a s t l e

F o r m a t i o n ,  W es ton  C o u n ty ,  Wyoming. D im e n s io n s  4 3 . 2 - 4 0 . 6  

m i c r o n s .

A f f i n i t y :  P o s s i b l y  a n  a n g i o s p e r m o u s  g r a i n .  I n  s p i t e
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o f  t h e  name,  i t  i s  d o u b t f u l  t h a t  t h i s  g en u s  i s  r e l a t e d  t o  

t h e  m o n o c o t y l e d o n s .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  m in o r  a b u n d a n c e

i n  t h e  N e w c a s t l e  F o r m a t i o n ,  Weston C oun ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 7 C - 2 - 4 ,  N e w c a s t l e

F o r m a t i o n ,  Weston  C oun ty .

/
S ubtu rm a TRIPTYCHES P o t o n i e ,  1960 

Genus TRICOLPITES C o u p e r ,  1953 

Type s p e c i e s :  T r i c o l p i t e s  r e t i c u l a t u s  Cookson ,  1947 (p .  134,

p i .  15,  f i g .  4 5 ) .

TRICOLPITES c f .  T. RETICULATUS Cookson ,  1947 

P l a t e  9 ,  f i g s .  6 ,  7 ,  and  8

G r a i n s  r a d i a l ;  t r i c o l p a t e ;  s u b s p h e r i c a l  t o  s u b p r o -  

l a t e ;  c o l p a e  l o n g ;  e x i n e  1 . 0 - 1 . 5  m i c r o n s  t h i c k ,  t e c t a t e ,  

f o r m i n g  a  f i n e  r e t i c u l u m  i n  s u r f a c e ' v i e w ,  lumens o f  r e t i c u l u m  

i r r e g u l a r  i n  s i z e  and  s h a p e ,  maximum d i a m e t e r  1 .5  m i c r o n s ,  

u s u a l l y  l e s s  t h a n  one  m i c r o n ,  r e t i c u l u m  low,  u s u a l l y  l e s s  th an  

one m ic ro n  h i g h ;  p o l a r  d i a m e t e r  17-24  m i c r o n s ,  a v e r a g e  20 

m i c r o n s ;  e q u a t o r i a l  d i a m e t e r  12-22 m i c r o n s ,  a v e r a g e  17 

m i c r o n s .

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

p i t e s  e x c e p t  t h a t  t h e  s i z e  r a n g e  i s  s l i g h t l y  s m a l l e r  and  t h e
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r e t i c u l a t e  p a t t e r n  o f  t h e  o r n a m e n t a t i o n  seems t o  be more 

d i s t i n c t .

A f f i n i t y :  T r i c o l p i t e s  i s  a  fo rm  g e n u s  f o r  a n g i o 

spe rm ous  p o l l e n s  o f  p r o b a b l e  d i c o t y l e d o n o u s  a f f i n i t i e s .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  R u s ty  beds

and  T h e r m o p o l i s  S h a l e  i n  T e to n  C o u n ty ,  i n  t h e  T h e r m o p o l i s ,  

Muddy and  S h e l l  C reek  F o r m a t i o n s  i n  B ig  Horn C o u n ty ,  and  i n  

t h e  F a l l  R i v e r ,  S k u l l  C r e e k ,  and  N e w c a s t l e  F o r m a t i o n s  i n  

Weston C oun ty .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 6 3 6 - 4 - 4  an d  OPC

8 4 7 D -8 -5 ,  S k u l l  Creek  S h a l e ,  W es ton  C o u n ty ,  OPC 8 3 7 E - 4 - 2 ,  

T h e rm o p o l i s  S h a l e ,  B ig  Horn  C o u n ty .

TRICOLPITES SP. A 

P l a t e  9 ,  f i g s .  9 and  10

Symmetry r a d i a l ;  t r i c o l p a t e ;  p r o l a t e  t o  s u b s p h e r i c a l ;  

c o l p a e  l o n g  an d  t a p e r i n g ;  e x i n e  1 . 0 - 1 . 5  m i c r o n s  t h i c k ,  s t r u c 

t u r e  t e c t a t e ,  s e x i n e  c l a v a t e  t o  gemmate ( a s  d e f i n e d  by F a e g r i  

a n d  I v e r s e n ,  1950) a p p e a r i n g  m i c r o r e t i c u l a t e  i n  s u r f a c e  v ie w ,  

lumens c i r c u l a r  t o  s u b c i r c u l a r ,  c l o s e l y  s p a c e d ,  l e s s  t h a n  one 

m i c r o n  i n  d i a m e t e r ;  o v e r a l l  d i a m e t e r  1 3 -3 6  m i c r o n s .

T y p i c a l  s p e c i m e n .  S l i d e  No. OPC 6 4 4 C - 3 - 4 ,  Thermopo-  

l i s  S h a l e ,  T e to n  C o u n ty ,  Wyoming. D im e n s io n s  2 2 . 8  x  2 2 . 8  x

2 2 . 8  m i c r o n s .
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T h i s  s p e c i e s  i s  d i s t i n g u i s h e d  by t h e  u n i f o r m  s i z e  

an d  s u b c i r c u l a r  s h a p e  o f  t h e  lumens o f  t h e  p s e u d o r e t i c u l u m .

A f f i n i t y : .  Unknown, p r o b a b l y  a n g i o s p e r m o u s .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  a s  a m in o r  e l e m e n t

o f  t h e  s p o r e  f l o r a  o f  t h e  R u s ty  b e d s  and  T h e rm o p o l i s  S h a l e  

i n  T e t o n  C o u n ty .  P r e s e n t  i n  t h e  T h e r m o p o l i s  and  S h e l l  C reek  

S h a l e s  i n  B ig  Horn  C o u n ty ,  an d  i n  t h e  F a l l  R i v e r ,  S k u l l  C r e e k ,  

a n d  N e w c a s t l e  F o r m a t i o n s  i n  W es ton  C o u n ty .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 6 4 4 C - 3 - 4 ,  T h e r 

m o p o l i s  S h a l e ,  T e t o n  C o u n ty ,  and  OPC 6 3 4 R - 6 - 9 ,  F a l l  R i v e r  

F o r m a t i o n ,  W es ton  C o u n ty .

TRICOLPITES SP. B 

P l a t e  9 ,  f i g s .  11 and  12

G r a i n s  r a d i a l ;  t r i c o l p a t e ;  s u b p r o l a t e ,  f r e q u e n t l y  

s e c o n d a r i l y  c o m p r e s s e d  a l o n g  p o l a r  a x i s ;  c o l p a e  lo n g  and  

u s u a l l y  n a r r o w ,  e x t e n d  a p p r o x i m a t e l y  t w o - t h i r d s  t h e  l e n g t h  

o f  t h e  g r a i n ;  e x i n e  1 . 0 - 1 . 5  m i c r o n s  t h i c k  o r n a m e n t a t i o n  g r a n 

u l a r  t o  p s i l a t e  ( g r a n u l e s  embedded w i t h i n  s e x i n e )  o p t i c a l  

s e c t i o n  o f  w a l l  shows s m a l l ,  low g r a n u l e s  p r o t r u d i n g  ab o v e  

s u r f a c e  ; p o l a r  d i a m e t e r  13 -22  m i c r o n s ,  e q u a t o r i a l  d i a m e t e r  

1 2 -1 8  m i c r o n s ;  o v e r a l l  d i a m e t e r  o f  p o l a r  c o m p re s s e d  s p e c im e n s  

1 2 -2 3  m i c r o n s .

Typical specimen: Slide No. OPC 637J-8-1, Newcastle
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F o r m a t i o n ,  Weston  C o u n ty ,  Wyoming. D im e n s io n s  1 6 .5  x 1 7 .8  

X 1 7 . 8  m i c r o n s .

A f f i n i t y :  Unknown, p r o b a b l y  a n g i o s p e r m o u s .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  T h e r m o p o l i s

S h a l e ,  T e to n  C o u n ty ,  t h e  R u s t y  b e d s .  Hot  S p r i n g s  C o u n ty ,  t h e  

T h e r m o p o l i s  and  S h e l l  C reek  S h a l e s ,  B ig  Horn  C o u n ty ,  and  i n  

t h e  F a l l  R i v e r ,  S k u l l  C r e e k ,  and  N e w c a s t l e  F o r m a t i o n s  i n  

W eston  Coun ty .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 6 3 7 J - 8 - 1 ,  New

c a s t l e  F o r m a t i o n ,  Weston  C o u n ty ,  and  OPC 6 4 4 C - 4 - 5 ,  Thermopo-  

l i s  S h a l e ,  T e to n  C oun ty .

TRICOLPITES SP. C 

P l a t e  9 ,  f i g .  13 

G r a i n s  r a d i a l ;  t r i c o l p a t e ;  s u b s p h e r i c a l  ( ? ) ;  e x i n e

1 . 0 - 1 . 5  m ic ro n s  t h i c k ;  s e x i n e  v e r y  f i n e l y  g r a n u l a r ,  g r a n u l e s  

seem t o  be composed o f  s m a l l  r o d s  b u r i e d  i n  t h e  w a l l  and  p r o 

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

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

b r e a d t h  m e a s u re m e n ts  c o u l d  n o t  be t a k e n ;  d i a m e t e r  o f  com

p r e s s e d  s p e c im e n s  3 3 -4 4  m i c r o n s .

Too few s p e c im e n s  o f  t h i s  s p e c i e s  w e r e  s e e n  t o  s e 

l e c t  a  t y p i c a l  s p e c im e n .

A f f i n i t y :  A l t h o u g h  t h e  e x a c t  a f f i n i t i e s  a r e  unknown.
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t h i s  s p e c i e s  i s  p r o b a b l y  a n g io s p e rm o u s  i n  o r i g i n .

S t r a t i g r a p h i e  o c c u r r e n c e :  R are  i n  t h e  T h e rm o p o l i s

S h a l e ,  T e to n  C o u n ty ,  and  i n  t h e  F a l l  R i v e r  and  S k u l l  Creek  

F o r m a t i o n s  i n  Weston C o u n ty .

F i g u r e d  s p e c im e n :  S l i d e  No. OPC 6 3 4 1 - 5 - 9 ,  F a l l  R i v e r

F o r m a t i o n ,  Weston C oun ty .

Turma POROSES Naumova, 1937,  1939 emend. P o t o n i / ,  1960

Subturm a POLYPORINES Naumova, 1937 ,  1939

emend. P o t o n i ^  1960

GENUS A

Symmetry r a d i a l ;  s h a p e  s p h e r i c a l ;  f i v e  p o r a t e ;  p o r e s  

c o n c e n t r a t e d  i n  one h e m i s p h e r e ;  p o r e s  c o n n e c t e d  by l i n e s  o f  

e x i n a l  t h i n n i n g  w h ich  c o n v e r g e  a t  one  p o l e ;  o r n a m e n t a t i o n  

p i l i f e r o u s .

GENUS A SP. A 

P l a t e  9 ,  f i g s .  14,  15,  and  16 

Symmetry r a d i a l ;  s p h e r i c a l ;  f i v e  p o r a t e ,  p o r e s  c o n 

f i n e d  to  one h e m i s p h e r e ,  e v e n l y  d i s t r i b u t e d  e q u i d i s t a n t  from 

one  p o l e ;  l i n e s  o f  e x i n a l  w e a k n e s s  e x t e n d  f rom  each  p o r e  and  

c o n v e r g e  a t  p o l e ,  f o rm in g  a s t a r  s h a p e d  zone  o f  e x i n a l  t h i n 

n i n g  w i t h  a p o r e  a t  e a c h  p o i n t  o f  t h e  s t a r ;  e x i n e  l e s s  t h a n
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one m ic ro n  t h i c k ,  p i l i f e r o u s ,  p i l a  j o i n e d  t o  fo rm  a  t e c t a t e  

s t r u c t u r e ,  p i l a  l e s s  t h a n  one m i c r o n  h i g h ;  e x i n e  a p p e a r s

p u n c t a t e  i n  s u r f a c e  v i e w ,  p u n c t a e  v e r y  s m a l l  and  c l o s e l y

s p a c e d ;  o v e r a l l  d i a m e t e r  2 3 , 5 - 3 3 . 0  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 6 4 3 B -1 -2 0 ,  R u s t y

b e d s ,  T e to n  C o u n ty ,  Wyoming. D i a m e t e r  2 5 , 4  m i c r o n s .

A l l  g r a i n s  o b s e r v e d  e x h i b i t  a  s t a r - s h a p e d  a r e a  f rom 

w h ich  t h e  e x i n e  i s  a b s e n t  t o  a g r e a t e r  o r  l e s s e r  d e g r e e .

The p o s i t i o n  o f  t h e  p o r e s  i s  m arked  by t h e  f i v e  p o i n t s  o f

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

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

g e r m i n a t i o n  may h a v e  b e e n  a c h i e v e d  by r u p t u r e  o f  t h e  e x i n e  

i n  t h i s  z o n e .

The o r n a m e n t a t i o n  e l e m e n t s  a r e  so  s m a l l  a s  t o  be 

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

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

be j o i n e d ,  f o r m i n g  a  t e c t u m .

A f f i n i t y  : The o r n a m e n t a t i o n  an d  t y p e  o f  g e r m i n a l

a p e r t u r e  s u g g e s t  t h a t  t h i s  g r a i n  i s  r e l a t e d  t o  t h e  a n g io s p e rm s .

S t r a t i g r a p h i e  o c c u r r e n c e  : T h i s  s p e c i e s  o c c u r s  o n l y

i n  t h e  R u s ty  beds  i n  T e to n  Coun ty  w h e re  i t  i s  p r e s e n t  i n  

m in o r  a b u n d a n c e .

Figured specimens: Slides No. OPC 643B-1-18,
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OPC 6 4 3 B - 1 - 1 9 ,  and  OPC 6 4 3 B - 1 - 2 0 ,  R u s ty  b e d s ,  T e to n  C o u n ty .

C l a s s  DINOFLAGELLATA 

F a m i ly  DELEFANDREIDAE E i s e n a c k ,  1954

Genus DEFLANDREA E i s e n a c k ,  1938 

Type s p e c i e s :  D e f l a n d r e a  p h o s p h o r i t i c a  E i s e n a c k ,  1938 (p .

187 ,  f i g .  6)

DEFLANDREA c f .  D. MINOR Cookson and E i s e n a c k ,  1960 

P l a t e  10,  f i g s .  1 and  3 

Symmetry b i l a t e r a l ;  t e s t  e l o n g a t e  w i t h  s t r o n g l y  c o n 

v e x  s i d e s ;  t e s t  p r o d u c e d  a p i c a l l y  i n t o  a s h o r t ,  w i d e ,  b l u n t ,  

o r  p o i n t e d  h o r n ;  two u n e q u a l  a n t a p i c a l  p r o j e c t i o n s  p r e s e n t ,  

one on  e a c h  s i d e ,  one  s h o r t  and  p o i n t e d ,  t h e  o t h e r  s h o r t e r  

and  r o u n d e d ;  d i s t i n c t  e q u a t o r i a l  g i r d l e  and  v e n t r a l  l o n g i 

t u d i n a l  f u r r o w  p r e s e n t ;  a few s p e c im e n s  show some i n d i c a t i o n  

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

membrane l e s s  t h a n  one  m i c r o n  t h i c k ,  c o v e r e d  w i t h  w i d e l y  

s p a c e d ,  p o i n t e d  a p i c u l a e ;  a p i c u l a e  1-2  m ic ro n s  h i g h ,  o f t e n  

sh o w in g  l i n e a r  a r r a n g e m e n t ,  p a r t i c u l a r l y  a l o n g  m a r g i n  o f  

g i r d l e ;  i n t e r n a l  body t h i n  w a l l e d ,  l a e v i g a t e ,  s p h e r i c a l  t o  

o v a t e ;  d i a m e t e r  o f  i n t e r n a l  body 2 3 - 4 3  m i c r o n s ;  o v e r a l l  l e n g t h  

o f  t e s t  3 8 - 6 1  m i c r o n s ;  o v e r a l l  w i d t h  3 3 -4 5  m i c r o n s .
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T h i s  s p e c i e s  i s  e a s i l y  r e c o g n i z e d  by t h e  w e l l  d e v e l 

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

The i n t e r n a l  body i s  o f t e n  r a t h e r  i n d i s t i n c t  and  som et im es  

b e a r s  s e c o n d a r y  f o l d s .  The Wyoming s p e c im e n s  l a c k  t h e  w e l l  

d e v e l o p e d  pylome d e s c r i b e d  by Cookson and  E i s e n a c k  and a p p e a r  

t o  be s l i g h t l y  more a p i c u l a t e  b u t  a r e  o t h e r w i s e  s i m i l a r .

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

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

S t r a t i g r a p h i e  o c c u r r e n c e ;  F a i r l y  common i n  t h e  u p 

p e r  p a r t  o f  t h e  T h e r m o p o l i s  S h a l e  i n  T e to n  and  Big  Horn Coun

t i e s  and  i n  t h e  S k u l l  Creek  S h a l e  i n  W eston  C o u n ty .

F i g u r e d  s p e c i m e n s ;  S l i d e s  No. OPC 8 3 7 H -4 -3 ,  T h e r 

m o p o l i s  S h a l e ,  B ig  Horn C o u n ty ,  and  OPC 6 3 5 C - 2 - 1 ,  S k u l l  C reek  

S h a l e ,  W eston  C o u n ty .

DEFLANDREA SP. A 

P l a t e  10, f i g .  2

Symmetry b i l a t e r a l ;  t e s t  e l o n g a t e ,  s i d e s  s t r o n g l y  

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

c a l l y  i n t o  two s h o r t  w id e  l a t e r a l  h o r n s ,  g e n e r a l l y  u n e q u a l  

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

mens show i n d i c a t i o n s  o f  a  l a t e r a l  f u r r o w ;  pylome o r  p l a t e s  

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

body s p h e r i c a l ;  l a e v i g a t e ,  f r e q u e n t l y  s e c o n d a r i l y  f o l d e d ;
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d i a m e t e r  o f  i n t e r n a l  body 35 -^9  m i c r o n s ;  o v e r a l l  l e n g t h  o f  

t e s t  6 3 -8 4  m i c r o n s ;  o v e r a l l  w i d t h  36-56  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 8 4 7 D -8 -6 ,  S k u l l

Creek  S h a l e ,  W eston  C o u n ty ,  Wyoming. L e n g th  7 3 .7  m i c r o n s ,  

w i d t h  5 3 .3  m i c r o n s ,  d i a m e t e r  o f  i n t e r n a l  body 44 m i c r o n s .

The low r o u n d e d  n a t u r e  o f  t h e  e p i t h e c a ,  t h e  w e l l  

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

a c t e r i z e  t h i s  s p e c i e s .

A f f i n i t y :  M o t i l e  d i n o f l a g e l l a t e  w i t h  an i n n e r  c y s t .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  a s  a  m in o r  e l e m e n t

i n  t h e  T h e rm o p o l i s  S h a l e  i n  Big Horn County  and  i n  t h e  S k u l l  

C reek  S h a l e  i n  W eston  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 8 4 7 D -8 -6 ,  S k u l l

Creek  S h a l e ,  W es ton  C o u n ty .

DEFLANDREA SP. B 

P l a t e  10, f i g s .  4 ,  5 ,  and  7

Symmetry b i l a t e r a l ;  t e s t  e l o n g a t e  w i t h  convex  s i d e s ;  

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

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

on one  s i d e  i n t o  a l o n g ,  f i n g e r l i k e  h o r n  and  on t h e  o t h e r  

s i d e  i n t o  a v e r y  low,  r o u n d e d  knob  w h ic h  i s  f r e q u e n t l y  p o o r l y  

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

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

o b s e r v a b l e ;  e x t e r n a l  membrane f i n e l y  g r a n u l a r ;  c a p s u l e  s u b 

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

c a p s u l e  3 0 . 5 - 4 3 . 2  m i c r o n s  b r o a d ,  3 3 . 0 - 4 8 . 3  m i c r o n s  l o n g ;  

o v e r a l l  l e n g t h  o f  t e s t  68-102  m i c r o n s ;  o v e r a l l  b r e a d t h  38-59  

m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 8 3 8 B - 8 - 5 ,  Muddy

S a n d s t o n e ,  B ig  H orn  C o u n ty ,  Wyoming. L e n g th  89 m i c r o n s ,  w i d t h

4 3 . 2  m i c r o n s ,  c a p s u l e  3 3 . 6  x  4 0 . 6  m i c r o n s .

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

e c a  w i t h  one  lo n g  l a t e r a l  h o r n  make t h i s  s p e c i e s  e a s i l y  

r e c o g n i z a b l e .

A f f i n i t y :  T h i s  s p e c i e s  i s  p r o b a b l y  a  m o t i l e  d i n o -

f l a g e l l a t e  w i t h  an  i n n e r  c y s t .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  o n l y  i n  t h e  Muddy

S a n d s t o n e  and  S h e l l  C reek  S h a l e ,  Big Horn C o u n ty .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 8 3 8 B - 8 - 5 ,  OPC

8 3 8 B - 8 - 9 ,  an d  OPC 8 3 8 B - 8 - 1 0 ,  Muddy S a n d s t o n e ,  B ig  Horn C oun ty .

F a m i ly  GONYAULACIDAE Lindemann 

Genus GONYAULAX D i e s i n g ,  1866

GONYAULAX SP. A 

P l a t e  10,  f i g .  8
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T e s t  o v a t e  t o  s u b s p h e r i c a l  w i t h  a  s t r a i g h t ,  r i g i d  

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

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

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

r a g g e d  a p p e a r a n c e ;  b r e a d t h  o f  t e s t  6 6 -8 4  m i c r o n s ;  l e n g t h  

( i n c l u d i n g  h o r n )  69 -89  m i c r o n s .

S p ec im en s  p l a c e d  i n  t h i s  g r o u p  a l m o s t  c e r t a i n l y  b e 

l o n g  t o  t h e  g e n u s  G o n y au la x  b u t  t h e i r  p r e s e r v a t i o n  i s  t o o  

p o o r  t o  g i v e  an  a c c u r a t e  p l a t e  t a b u l a t i o n  o r  t o  p l a c e  them 

i n  a  d i s t i n c t  s p e c i e s .

A f f i n i t y :  T h i s  g e n u s  i s  p r e s e n t  i n  r e c e n t  p l a n k t o n

a s s e m b l a g e s .

S t r a t i g r a p h i e  o c c u r r e n c e  : Two s p e c i e s  o f  G o n y a u la x

w e r e  r e c o g n i z e d  b u t  w e re  lumped t o g e t h e r  i n  t h e  a s s e m b l a g e  

c o u n t s . The g e n u s  o c c u r s  i n  t h e  u p p e r  p a r t  o f  t h e  Therm op-  

o l i s  S h a l e  i n  T e to n  and  B ig  Horn C o u n t i e s ,  and  i n  t h e  u p p e r  

p a r t  o f  t h e  S k u l l  C reek  S h a l e  i n  Weston C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 6 - 3 - 1 0 ,  S k u l l

C re e k  S h a l e ,  W es ton  C o u n ty .

GONYAULAX SP. B 

P l a t e  10 ,  f i g .  6

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

d i s t i n c t  h e l i c o i d  g i r d l e  p r e s e n t ,  g i r d l e  and  p l a t e s  w i t h
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t h i c k e n e d  and r a i s e d  m a r g i n s ;  s u r f a c e  o f  t e s t  smooth w i t h  

s c a t t e r e d  g r a n u l e s  and  b l u n t  s p i n o s e  p r o j e c t i o n s  2 m ic ro n s  

o r  l e s s  h i g h ;  w i d t h  o f  t e s t  4 3 - 7 6  m i c r o n s ;  l e n g t h  ( i n c l u d i n g  

h o r n )  61 -101  m i c r o n s .

The s p e c im e n s  a r e  t o o  p o o r l y  p r e s e r v e d  t o  p r o v i d e  a  

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

s p e c i e s .

A f f i n i t y :  P r o b a b l y  an  a n c e s t r a l  fo rm  o f  t h e  modern

g e n u s  G o n y a u l a x .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 8 3 7 G -4 -3 ,  Thermopo-

l i s  S h a l e ,  B ig  Horn C o u n ty .

F a m i ly  PAREODINIDAE C o c h t ,  1957

Genus PSEUDOCERATIUM C o c h t ,  1957 

Type s p e c i e s :  P s e u d o c e r a t i u m  p e l l i f e r u m  C o c h t ,  1957 (p .  166 -

168,  p i .  18,  f i g s .  1 - 2 ,  t e x t  f i g s .  1 - 3 ) .

PSEUDOCERATIUM SP. A 

P l a t e  10,  f i g s .  9 ,  10, 11 ,  and  12

Symmetry b i l a t e r a l ;  t e s t  i r r e g u l a r l y  r o u n d e d  t o  som e

w h a t  a n g u l a r ,  p r o l o n g e d  a p i c a l l y  i n t o  o ne  l o n g ,  p o i n t e d  h o r n ;  

two s e p a r a t e ,  d i v e r g e n t  a n t a p i c a l  h o r n s  p r e s e n t ,  two m ed ian  

h o r n s  p r e s e n t ,  one  on e i t h e r  s i d e  o f  b o d y ,  p o i n t i n g  a n t a p i -  

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

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

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

h o r n  u s u a l l y  l o n g e r  t h a n  t h e  o t h e r  f o u r ;  body ( e x c l u d i n g  

h o r n s )  3 8 - 5 1  m ic ro n s  w i d e ;  4 3 - 6 0  m ic ro n s  l o n g ;  h o r n s  a p p r o x 

i m a t e l y  1 5 -4 0  m ic ro n s  l o n g .

T y p i c a l  s p e c im e n :  S l i d e  No. OPC 6 4 4 C - 1 1 - 5 ,  Thermop-

o l i s  S h a l e ,  T e to n  C o u n ty ,  Wyoming. Body 1 0 6 .7  m i c r o n s  lo n g  

( i n c l u d i n g  h o r n s ) ,  76 .2  m i c r o n s  w id e .

Due t o  t h e  f l e x i b l e  n a t u r e  o f  t h e  t e s t s ,  t h i s  fo rm  i s  

f r e q u e n t l y  f o l d e d  and  b r o k e n  w i t h  t h e  h o r n s  f o l d e d  i n  o v e r  

t h e  body .  I n  u n d e fo rm e d  s p e c i m e n s  i n  w h ich  t h e  m e d ia n  h o r n s  

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

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

A f f i n i t y ;  T h i s  fo rm  r e p r e s e n t s  a  m o t i l e  d i n o f l a g e l 

l a t e  s t a g e .

S t r a t i g r a p h i e  o c c u r r e n c e ;  T h e rm o p o l i s  S h a l e ,  T e to n  

C o u n ty ,  R u s t y  beds  and T h e r m o p o l i s  S h a le  i n  Hot S p r i n g s  and  

B ig  Horn C o u n t i e s  and  t h e  F a l l  R i v e r  and  S k u l l  C ree k  F o rm a

t i o n s  i n  W es ton  Coun ty .

F i g u r e d  s p e c i m e n s ;  S l i d e s  No. OPC 6 4 4 C - 1 1 - 2 ,  OPC 

6 4 4 C - 1 1 - 5 ,  OPC 6 4 4 C -1 1 -6 ,  and  OPC 6 4 4 C -1 2 -1 ,  Thermop o l i s  

S h a l e ,  T e t o n  C oun ty .
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Genus ODONTOCHITINA D e f l a n d r e ,  1935 

Type s p e c i e s :  Q d o n t o c h i t i n a  o p e r c u l a t a  (0 .  W e t z e l ,  1933)

D e f l a n d r e ,  1958 i n  D e f l a n d r e  and  Cookson (p .  

2 9 1 ,  p i .  3 ,  f i g s .  5 - 6 ) .

1933 C e r a t i u m  o p e r c u l a t u m  0 .  W e t z e l  ( p .  170 ,  

p i .  2 ,  f i g s .  8 - 1 0 ) .

1935 Q d o n t o c h i t i n a  s i l i c o r n u m  D e f l a n d r e  (p .  

2 3 4 ,  p i .  9 ,  f i g s .  8 - 1 0 ) .

QDONTOCHITINA OPERCULATA (0 .  W e t z e l ,  1933) D e f l a n d r e ,  1958

P l a t e  11,  f i g s .  4 and  5 

T h e se  l a r g e ,  p r o b l e m a t i c a l  f o s s i l s  a r e  w e l l  known 

f rom  t h e  C r e t a c e o u s  o f  E u ro p e  and  A u s t r a l i a .  T h e i r  o c c u r 

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

o f  fo rm s  h e r e i n  a s s i g n e d  t o  0 .  o p e r c u l a t a  f o l l o w s :

G l o b u l a r  t o  o v a t e  body w i t h  two l o n g ,  t a p e r i n g  

s p i n e s ,  one  a t t a c h e d  i n  an  a p i c a l  p o s i t i o n  and  t h e  o t h e r  

a t t a c h e d  i n  a n  e q u a t o r i a l  p o s i t i o n ;  body o p e r c u l a t e ,  o p e r c u 

lum p r o v i d e d  w i t h  a l o n g ,  t a p e r i n g  a p i c a l  s p i n e ;  o p e r c u l u m ,  

s p i n e s ,  and  body l a e v i g a t e ;  body 4 0 - 6 0  m i c r o n s  w i d e ;  l e n g t h

5 3 . 3  m i c r o n s  (one  s p e c i m e n ) ;  o p e r c u l a r  s p i n e  a p p r o x i m a t e l y  

170 m i c r o n s  l o n g ;  a p i c a l  body s p i n e  9 4 -1 1 5  m i c r o n s  l o n g ;  

e q u a t o r i a l  s p i n e  60 - 70 m i c r o n s  l o n g .

A f f i n i t y :  E v i t t  (1961)  b e l i e v e d  t h a t  t h i s  g e n u s  may
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r e p r e s e n t  a d i n o f l a g e l l a t e  c y s t .

S t r a t i g r a p h i e  o c c u r r e n c e  : R a re  i n  t h e  u p p e r  T h e r 

m o p o l i s  S h a l e  i n  T e to n  and  B ig  H orn  C o u n t i e s ,  a l s o  i n  t h e  

Muddy S a n d s t o n e  i n  B ig  Horn  Coun ty  and  i n  t h e  u p p e r  p a r t  o f  

t h e  S k u l l  C reek  S h a l e  i n  W eston  C o u n ty .

F i g u r e d  s p e c i m e n s .  S l i d e s  No. OPC 8 4 7 C - 2 - 3 ,  and  OPC 

6 3 6 - 4 - 3 ,  S k u l l  C reek  S h a l e ,  W eston  C o u n ty .

F a m i ly  PERIDINIIDAE K en t

Genus PALAEOPERIDINIUM D e f l a n d r e ,  1934 

Type s p e c i e s  : P a l a e o p e r i d i n i u m  p y rophorum  ( E h r e n b e r g ,  1838)

(p .  967 ,  f i g .  1 ) .

1838 P e r i d i n i u m  p y rophorum  E h r e n b e r g  (p .  110, 

f i g s . 2 and  4 ) .

PALAEOPERIDINIUM c f .  P. CAULLERYI D e f l a n d r e ,  1936 

P l a t e  11,  f i g s  1 and  6 

T e s t  e l o n g a t e ;  e p i t h e c a  l o n g e r  t h a n  h y p o t h e c a ;  e p i 

t h e c a  t a p e r s  t o  a  n a r r o w ,  r o u n d e d  o r  p o i n t e d  c o n e ;  h y p o t h e c a  

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

i n t o  a  s h o r t ,  w i d e ,  p o i n t e d  h o r n ;  l e f t  s i d e  low and  r o u n d e d ,  

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

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

s p a c e d  e c h i n a t e  s p i n e s ,  1 -3  m i c r o n s  l o n g ,  o c c a s i o n a l l y  j o i n e d
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a t  b a s e s  and  o f t e n  a r r a n g e d  l i n e a r l y ;  g i r d l e  t y p i c a l l y  w i t h  

a  row o f  s p i n e s  a l o n g  m a r g in ;  o v e r a l l  w i d t h  37 -48  m i c r o n s ;  

o v e r a l l  l e n g t h  4 5 - 6 6  m i c r o n s .

S pec im ens  h e r e  a s s i g n e d  t o  P. c a u l l e r y i  a r e  q u i t e  

s i m i l a r  t o  t h e  i l l u s t r a t i o n s  and  d e s c r i p t i o n  p u b l i s h e d  by 

D e f l a n d r e  i n  1936.  The Wyoming s p e c im e n s  f r e q u e n t l y  e x h i b i t  

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

t i o n  o f  p l a t e s .  D e f l a n d r e  p u b l i s h e d  an  i l l u s t r a t i o n  o f  P. 

c a u l l e r y i  i n  1934 b u t  d i d  n o t  v a l i d a t e  t h e  s p e c i e s  w i t h  a 

d e s c r i p t i o n  u n t i l  1936.

A f f i n i t y :  T h i s  form i s  a  f o s s i l  o f  a  m o t i l e  d i n o -

f l a g e l l a t e .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  o n l y  i n  t h e  Muddy

S a n d s t o n e ,  B ig  H orn  C oun ty .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 8 3 8 B -1 3 -1 ,  and

OPC 8 3 8 B - 1 6 - 1 ,  Muddy S a n d s t o n e ,  B ig  Horn County .

O r d e r  HYSTRICHOSPHAERIDIA 

F a m i ly  HYSTRICHOSPHAERIDAE D e f l a n d r e ,  1937

Genus HYSTRICHOSPHAERIDIUM D e f l a n d r e ,  1937 

emend. E i s e n a c k ,  1958 

Type s p e c i e s :  H y s t r i c b . o s p h a e r i d i u m  t u b i f e r u m  ( E h r e n b e r g ,
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1838) D e f l a n d r e ,  1937 (p .  69 ,  p l .  13,  f i g s ,

2 ,  4 ,  and  5) .

1838 X a n th id iu m  t u b i f e r u m  E h r e n b e r g  (p .  109-  

136,  p l .  1,  f i g .  1 6 ) .

1904 Ovum h i s p i d i u m  (X a n t h i d i u m ) t u b i f e r u m  

E h r e n b e r g )  Lohmann (p .  2 1 - 2 5 )

1933 Hy s t r i c h o s p h a e r a  t u b i f e r a  ( E h r e n b e r g )

G. W e t z e l  (p .  4 0 - 4 1 ,  p l .  4 ,  f i g s .  1 6 ) .

E i s e n a c k  (1958)  r e s t r i c t e d  t h i s  g e n u s  t o  i n c l u d e  

o n l y  fo rm s  p o s s e s s i n g  o p e n - e n d e d  a p p e n d a g e s  w h ic h  a r e  u s u a l l y  

e x p a n d e d  i n t o  a f u n n e l  s h a p e .  E i s e n a c k ' s  r e c o m m e n d a t io n  i s  

f o l l o w e d  i n  t h i s  p a p e r .

HYSTRICHOSPHAERIDIUM c f .  H. TUBIFERUM 

( E h r e n b e r g ,  1838) D e f l a n d r e ,  1937 

P l a t e  11,  f i g .  3 

A few c r u s h e d  s p e c im e n s  w e r e  o b s e r v e d  w h ic h  seem to  

be s i m i l a r  t o  H . t u b i f e r u m  a s  d e s c r i b e d  by D e f l a n d r e .  No 

w e l l - p r e s e r v e d  s p e c im e n s  w e re  s e e n  and  a  p o s i t i v e  i d e n t i f i c a 

t i o n  i s  i m p o s s i b l e .

A f f i n i t y :  E v i t t  (1961)  r e g a r d s  t h i s  s p e c i e s  a s  a

d i n o f l a g e l l a t e  c y s t .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  u p p e r  p a r t

of the Thermopolis Shale in Teton and Big Horn Counties, and
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i n  t h e  S k u l l  C reek  S h a l e  i n  W eston  C oun ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 8 4 7 C - 9 - 1 ,  S k u l l

C re e k  S h a l e ,  W es ton  C oun ty .

HYSTRICHOSPHAERIDIUM c f .  H. CHOANOPHORUM 

D e f l a n d r e  and  Cookson ,  1955 

P l a t e  11,  f i g .  2

Body s p h e r i c a l ,  m i n u t e l y  and  d e n s e l y  g r a n u l a r ;  p r o 

j e c t i o n s  l a e v i g a t e ,  t u b u l a r ,  h o l l o w ,  a p p a r e n t l y  do n o t  com

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

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

1 8 . 5 - 3 3 . 0  m i c r o n s ;  p r o j e c t i o n s  6 . 5 - 1 2 . 0  m i c r o n s  l o n g ,  1 . 0 -  

4 . 0  m i c r o n s  i n  d i a m e t e r .

Spec im ens  w h ic h  a r e  h e r e  r e f e r r e d  t o  H. choanophorum 

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

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

c e n t r a l  body i s  more d i s t i n c t l y  g r a n u l a r .

A f f i n i t y :  P o s s i b l y  an  e n c y s t e d  d i n o f l a g e l l a t e .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  m in o r  a b u n 

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

and  B ig  Horn  C o u n t i e s  and  i n  t h e  u p p e r  p a r t  o f  t h e  S k u l l  

C reek  S h a l e  i n  W es ton  C o u n ty .

Figured specimen: Slide No. OPC 837G-5-1, Thermop-
olis Shale, Big Horn County.



137
HYSTRICHOSPHAERIDIUM c f .  H. EOINODES E i s e n a c k ,  1958

P l a t e  11, f i g .  11 

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

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

ends  i n t o  a  f u n n e l  l i k e  s h a p e  w i t h  h i g h l y  s e r r a t e  m a r g i n s ;  

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

d i a m e t e r  o f  body 4 4 - 5 4  m i c r o n s ;  l e n g t h  o f  a p p e n d a g e s  11-24  

m i c r o n s .

Forms h e r e  d e s i g n a t e d  a s  H, e o i n o d e s  a r e  a  l i t t l e  

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

mens d e s c r i b e d  by E i s e n a c k  b u t  a p p e a r  t o  be o t h e r w i s e  s i m i l a r ,  

A f f i n i t y :  P o s s i b l y  t h i s  s p e c i e s  r e p r e s e n t s  a d i n o -

f l a g e l l a t e  c y s t .

S t r a t i g r a p h i e  o c c u r r e n c e :  F a i r l y  common i n  t h e  T h e r 

m o p o l i s  S h a l e  a n d  Muddy S a n d s to n e  i n  T e to n  C o u n ty .  P r e s e n t  

i n  t h e  u p p e r  p a r t  o f  t h e  T h e r m o p o l i s  S h a l e  i n  Big Horn County  

and  i n  t h e  S k u l l  C re ek  S h a l e  i n  Weston  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 5 C - 7 - 1 ,  S k u l l  

C ree k  S h a l e ,  W es ton  C o u n ty .

HYSTRICHOSPHAERIDIUM SP. A 

P l a t e  11, f i g .  8 

Body s p h e r i c a l  t o  s u b s p h e r i c a l ;  w a l l  t h i n ,  l a e v i g a t e  

t o  v e r y  f i n e l y  g r a n u l a r ;  l a r g e ,  h o l l o w ,  o pen  t u b u l a r  p r o c e s s
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p r e s e n t  a t  one  p o l e  o f  body ,  17-22 m ic ro n s  l o n g ,  5-12 m ic ro n s  

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

t a t e ;  low, r o u n d e d  k n o b ,  3 -5  m ic ro n s  h i g h  o f t e n  p r e s e n t  a t  

o p p o s i t e  p o l e ;  o t h e r  p r o c e s s e s  n um erous ,  h o l l o w ,  t u b u l a r ,  

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

p r o c e s s ,  ends  s i m p l e  t o  m u I t i - p a r t a t e , b a s e s  u s u a l l y  w i d e n e d ,  

l e n g t h  8 -1 9  m i c r o n s ,  d i a m e t e r  u s u a l l y  2 - 3  m i c r o n s ,  r a r e l y  

5 - 8  m i c r o n s ;  d i a m e t e r  o f  body 35-46 m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 8 4 7 D -1 -5 ,  S k u l l

C reek  S h a l e ,  W es ton  C o u n ty ,  Wyoming. D i a m e t e r  o f  body 4 3 .2  

m i c r o n s ,  p o l a r  p r o c e s s  20 m ic ro n s  l o n g ,  10 m i c r o n s  w i d e ;  

o t h e r  p r o c e s s e s  13-15  m i c r o n s  lo n g .

T h is  s p e c i e s  i s  s i m i l a r  t o  H. c o l l i g e r u m  D e f l a n d r e  

an d  Cookson ,  1955.  However ,  t h e  l a r g e  p o l a r  p r o c e s s  o f  t h a t  

s p e c i e s  h a s  a  c l o s e d  a p e x  and  no knob i s  p r e s e n t  a t  t h e  

o p p o s i t e  p o l e .  The s i z e  r a n g e s  a r e  a l s o  s l i g h t l y  d i f f e r e n t .

A f f i n i t y :  P o s s i b l y  a  d i n o f l a g e l l a t e  c y s t .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  u p p e r  p a r t

o f  t h e  T h e r m o p o l i s  S h a l e  i n  T e to n  and  Big  Horn C o u n t i e s ,  and  

i n  t h e  S k u l l  C reek  S h a l e  i n  Weston C oun ty .

Figured specimen: Slide No. OPC 847D-1-5, Skull
Creek Shale, Weston County.
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HYSTRICHOSPHAERIDIUM SP. B 

P l a t e  11,  f i g .  10

Symmetry r a d i a l ;  body s p h e r i c a l ;  s u r f a c e  v e r y  f i n e l y  

g r a n u l a r ;  p r o v i d e d  w i t h  n u m e ro u s ,  r a d i a l l y  a r r a n g e d ,  sm o o th ,  

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

p o r t i o n s  w i t h  h i g h l y  s e r r a t e  m a r g i n s ;  p r o c e s s e s  8 -20  m i c r o n s  

l o n g ,  1-2  m i c r o n s  w i d e ,  a p p r o x i m a t e l y  t h e  same l e n g t h  on i n 

d i v i d u a l  s p e c i m e n s ,  30-40  p r o c e s s e s  v i s i b l e  e x t e n d i n g  beyond 

t h e  m a r g in  o f  t h e  body;  d i a m e t e r  o f  body 3 8 -5 3  m i c r o n s .

Too few s p e c im e n s  w e re  s e e n  t o  w a r r a n t  t h e  d e s i g n a 

t i o n  o f  a  t y p e  s p e c im e n .

T h i s  s p e c i e s  r e s e m b l e s  H. t u b i f e r u m  b u t  h a s  more 

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

A f f i n i t y :  T h i s  s p e c i e s  may r e p r e s e n t  a  d i n o f l a g e l -

l a t e  c y s t .

S t r a t i g r a p h i e  o c c u r r e n c e ;  T h e r m o p o l i s  S h a l e ,  B ig  

Horn C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 8 3 7 F - 5 - 1 ,  Thermopo-

l i s  S h a l e ,  B ig  Horn C o u n ty .

Genus HYSTRICHOSPHAERA 0.  W e t z e l ,  1933 

emend. D e f l a n d r e ,  1937
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Type s p e c i e s :  H y s t r i c h o s p h a e r a  f u r c a t a  ( E h r e n b e r g ,  1838) 0 .

W e t z e l ,  1933 (p .  3 4 - 3 5 ,  p i .  2 ,  f i g .  3 5 a - b ,  

p i .  5,  f i g s .  1,  9 ,  15,  and  1 6 ) .

1838 X an th id iu r?  f u r c a t u m  E h r e n b e r g  ( p i .  1,  

f i g .  1 4 ) .

1885 X a n th ld iu m  d e l i t z i e n s e  ( E h r e n b e r g )  R u s t ,  

( p i .  19, f i g .  2 1 ) .

1904 Ovum h i s p i d i u m  (X a n t h i d i u m ) f u r c a t u m  

( E h r e n b e r g )  Lohmann (p .  21 and  25)  

HYSTRICHOSPHAERA c f .  H. FURCATA ( E h r e n b e r g ,  1838)

0 .  W e t z e l ,  1933 

P l a t e  12,  f i g s .  1 and  2 

Spec im ens  h e r e i n  a s s i g n e d  t o  H, f u r c a t a  a r e  o v a t e  

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

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

l i n e ,  d e f i n i t e  t a b u l a t i o n  c o u l d  n o t  be e s t a b l i s h e d .  Numerous 

f l e x i b l e  p r o c e s s e s  a r i s e  f rom  t h e  s u t u r e s ,  t h e  p r o c e s s e s  a r e  

5 t o  10 m i c r o n s  l o n g  and  t y p i c a l l y  m u l t i p a r t a t e  a t  t h e  e n d s .  

The body i s  35 t o  44 m i c r o n s  w id e  and  35 t o  51 m ic ro n s  l o n g .  .

Forms o f  t h i s  t y p e  a r e  f a i r l y  common i n  t h e  T h e r 

m o p o l i s  an d  S k u l l  C reek  F o r m a t i o n s .  They com pare  c l o s e l y  

w i t h  t h e  s p e c im e n s  d i s c u s s e d  by D e f l a n d r e  (19 37) and  t h o s e  

i l l u s t r a t e d  by E i s e n a c k  ( 1 9 5 8 ) .  U n f o r t u n a t e l y  no s p e c im e n s
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w ere  o b s e r v e d  i n  w h ic h  p r e s e r v a t i o n  was s u c h  t h a t  a n  e x a c t  

p l a t e  t a b u l a t i o n  c o u l d  be made.

A f f i n i t y :  E v L t t  (1961)  b e l i e v e s  t h i s  fo rm  r e p r e s e n t s

a  d i n o f l a g e l l a t e  c y s t .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  u p p e r  p a r t

o f  t h e  T h e r m o p o l i s  S h a l e  i n  T e to n  an d  B ig  Horn C o u n t i e s  and 

i n  t h e  u p p e r  p a r t  o f  t h e  S k u l l  C ree k  S h a l e  i n  W es ton  C o u n ty .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 6 3 6 - 3 - 7 ,  and  OPC

8 4 7 D -2 -1 ,  S k u l l  C reek  S h a l e ,  W es ton  C o u n ty .

HYSTRICHOSPHAERA c f .  H. WETZELI D e f l a n d r e ,  1937 

P l a t e  12,  f i g .  3 

T h i s  form i s  s i m i l a r  t o  H. f u r c a t a  e x c e p t  t h a t  t h e  

p r o j e c t i o n s  w h ic h  a r i s e  f ro m  t h e  s u t u r e s  a r e  c o n n e c t e d  by 

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

m ens ,  t h i s  membrane i s  n o r m a l l y  f o l d e d  o v e r  t h e  s u r f a c e  o f  

t h e  b o d y ,  m ak ing  an  i n t e r p r e t a t i o n  o f  t h e  p l a t e s  e v e n  more 

d i f f i c u l t  t h a n  i n  t h e  c a s e  o f  H. f u r c a t a .

A f f i n i t y :  P o s s i b l y  a d i n o f l a g e l l a t e  c y s t .

S t r a t i g r a p h i e  o c c u r r e n c e  : R a re  i n  t h e  u p p e r  p a r t  o f

t h e  T h e r m o p o l i s  S h a l e  i n  T e t o n  a n d  B ig  Horn C o u n t i e s ,

Figured specimen: Slide No. OPC 837H-1-3, Thermopo-
lis Shale, Big Horn County.
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Genus BALTISPHAERIDIUM E i s e n a c k ,  1958 

Type s p e c i e s :  B a l t i s p h a e r i d i u m  l o n g i s p i n o s u m  ( E i s e n a c k ,

1931) E i s e n a c k ,  1958 (p .  3 9 8 ) .

1931 Ovum h i s p i d i u m  l o n g i s p i n o s u m  E i s e n a c k  

(p .  110 ,  p i .  5 ,  f i g s .  6 - 1 7 ) .

1938 H y s t r i c h o s p h a e r i d i u m  l o n g i s p i n o s u m  

( E i s e n a c k )  E i s e n a c k  (p .  1 2 - 1 4 ,  p i .  1,  f i g s .  

1 - 9 ) .

E i s e n a c k  (1958) e r e c t e d  t h i s  g e n u s  t o  c o n t a i n  s p e c i 

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

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

As E i s e n a c k  p o i n t e d  o u t ,  i t  i s  e x t r e m e l y  d i f f i c u l t  t o  d e t e r 

mine i f  t h e  p r o c e s s e s  o f  some s p e c i e s  o f  h y s t r i c h o s p h a e r i d s  

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

p o i n t e d  p r o c e s s e s .

BALTISPHAERIDIUM PARVISPINUM ( D e f l a n d r e ,  1937) n .  comb.

P l a t e  12, f i g .  4 

1937 H y s t r i c h o s p h a e r i d i u m  x a n t h i o p y x i d e s  0 .  W e t z e l ,  1933 

var .  p a r v i s p i n u m  D e f l a n d r e  (p .  77 ,  p i .  16 ,  f i g .  5 ) .

1958 H y s t r i c h o s p h a e r i d i u m  p a r v i s p i n u m  ( D e f l a n d r e ,  1937) 

Cookson an d  E i s e n a c k  (p .  4 5 ,  p i .  8 ,  f i g s .  1 0 - 1 2 ) .

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

l a r ;  s p i n e s  f a i r l y  w i d e l y  s p a c e d ,  s h o r t ,  sm oo th  and  t a p e r i n g
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t o  a  p o i n t ,  f r e q u e n t l y  r e c u r v e d  a t  t i p s ;  body 30 x  52 m i c r o n s ,  

s p i n e s  6 - 8  m i c r o n s  l o n g .

The s p e c im e n s  h e r e i n  a s s i g n e d  t o  B. p a r v i s p i n u m  a r e  

s l i g h t l y  s m a l l e r  t h a n  t h e  A u s t r a l i a n  s p e c im e n s  d e s c r i b e d  by 

Cookson a n d  E i s e n a c k .

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  u p p e r  p a r t

o f  t h e  T h e r m o p o l i s  S h a l e  i n  B ig  Horn C o u n ty .

F i g u r e d  s p e c im e n :  S l i d e  No, OPC 8 3 7 G -3 -2 ,  Thermopo-

l i s  S h a l e ,  B ig  Horn Coun ty .
I

BALTISPHAERIDIUM MACHAEROPHORUM 

( D e f l a n d r e  and C o o k so n ,  1955) G e r l a c h ,  1961 

P l a t e  13 ,  f i g .  2 

1955 H y s t r i c h o s p h a e r i d i u m  m achae ro p h o ru m  D e f l a n d r e  and  Cook

son  (p .  2 7 4 ,  p i .  9 ,  f i g s .  4 an d  8 ) .

1961 B a l t i s p h a e r i d i u m  m achaerophorum  ( D e f l a n d r e  and  Cookson)  

G e r l a c h  (p .  191 ,  p i .  2 8 ,  f i g .  1 1 ) .

Sp ec im en s  h e r e i n  a s s i g n e d  t o  B. m achaerophorum  seem 

t o  be c o m p a r a b l e  w i t h  t h o s e  d e s c r i b e d  by D e f l a n d r e  and  Cook

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

s c r i p t i o n  f o l l o w s  :

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

sm o o th ,  t a p e r i n g ,  and  p o i n t e d ,  7 -19  m i c r o n s  l o n g ;  body
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d i a m e t e r  3 5 -5 6  m i c r o n s .

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  r a r e  am ounts

i n  t h e  u p p e r  p a r t  o f  t h e  T h e r m o p o l i s  S h a l e  i n  T e t o n  and  Big  

Horn C o u n t i e s ,  an d  i n  t h e  u p p e r  p a r t  o f  t h e  S k u l l  C reek  S h a l e  

i n  Weston  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 8 4 0 C - 2 - 2 ,  Thermopo-

l i s  S h a l e ,  T e to n  C o u n ty .

BALTISPHAERIDIUM c f .  B. LUMECTUM S a r j e a n t ,  1960

P l a t e  13,  f i g .  4

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

o n d a r i l y  f o l d e d ;  num erous  r a d i a l l y  d i s p o s e d  p r o c e s s e s  p r e s e n t ,  

p r o c e s s e s  sm oo th  and  t a p e r i n g ,  l e s s  t h a n  one m i c r o n  w id e  a t  

b a s e ,  may be p o i n t e d ,  b i f u r c a t e ,  o r  m u l t i p a r t a t e  a t  t i p s ,  

p r o c e s s e s  5 -1 2  m i c r o n s  l o n g ;  o v e r a l l  d i a m e t e r  ( e x c l u d i n g  

p r o c e s s e s )  3 0 - 3 3  m i c r o n s .

S a r j e a n t  (1960)  d e s c r i b e d  t h e  p r o c e s s e s  o f  B. l u m e c - 

tum a s  b e i n g  g r e a t e r  t h a n  t w o - t h i r d s  t h e  s h e l l  d i a m e t e r .

The p r o c e s s e s  o f  t h e  Wyoming s p e c i m e n s  a r e  somewhat s h o r t e r  

b u t  t h i s  seems t o  be t h e  o n l y  d i f f e r e n c e  b e tw e e n  them and 

t h e  s p e c im e n s  d e s c r i b e d  by S a r j e a n t . .

A f f i n i t y :  Unknown.

Stratigraphie occurrence: Rare in the Thermopolis
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S h a l e  i n  T e to n  and  B ig  Horn C o u n t i e s ,  and  i n  t h e  S k u l l  C reek  

S h a l e  i n  W eston  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 8 4 7 D -9 -1 ,  S k u l l

Creek  S h a l e ,  Weston  C o u n ty .

BALTISPHAERIDIUM EHRENBERGI ( D e f l a n d r e ,  1947) 

v a r .  BREVISPINOSUM S a r j e a n t ,  1961 

P l a t e  13,  f i g .  1

Body s p h e r i c a l ,  l a e v i g a t e ;  o r n a m e n te d  w i t h  t a p e r i n g ,  

p o i n t e d ,  sm ooth  s p i n e s ,  one  m i c r o n  o r  l e s s  w id e  a t  b a s e ,  3 -9  

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

e t e r  o f  body ( e x c l u d i n g  s p i n e s )  18-33  m i c r o n s .

S pec im ens  h e r e i n  a s s i g n e d  t o  t h i s  v a r i e t y  seem t o  be 

s i m i l a r  t o  S a r j e a n t ’s d e s c r i p t i o n  o f  t h e  s i n g l e  s p e c im e n  

w h ic h  he  u s e d  t o  e r e c t  t h e  g r o u p .

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  R a re  i n  t h e  T h e r m o p o l i s

S h a l e  and  Muddy S a n d s t o n e  i n  T e to n  C oun ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 8 4 1 B - 3 - 2 ,  Muddy

S a n d s t o n e ,  T e to n  C o u n ty .

BALTISPHAERIDIUM SP. A 

P l a t e  13,  f i g .  6

Body s p h e r i c a l ;  w a l l  t h i n ;  s u r f a c e  f i n e l y  g r a n u l a r ,  

c o v e r e d  w i t h  n u m e ro u s ,  r a d i a l l y  d i s p o s e d ,  p o i n t e d  s p i n e s
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4 - 1 1  m i c r o n s  l o n g ,  o ne  m ic ro n  o r  l e s s  w id e  a t  b a s e ;  s p i n e s  

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

o f  body ( e x c l u d i n g  s p i n e s )  2 4 - 3 8  m i c r o n s .

T y p i c a l  s p e c i m e n ;  S l i d e  No. OPC 8 3 7 H -2 -1 8 ,  T h e r 

m o p o l i s  S h a l e ,  B ig  H orn  C o u n ty ,  Wyoming. D i a m e t e r  3 5 . 6 - 3 0 . 5  

m i c r o n s .

T h i s  s p e c i e s  i s  c h a r a c t e r i z e d  by t h e  n u m ero u s ,  

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

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  F a i r l y  common i n  t h e  T h e r 

m o p o l i s  S h a l e  i n  T e to n  and  B ig  Horn C o u n t i e s .  A lso  p r e s e n t  

i n  t h e  R u s ty  beds  i n  Hot  S p r i n g s  County  and  i n  t h e  Muddy 

S a n d s to n e  and  S h e l l  C reek  S h a le  i n  B ig  Horn C o u n ty .  Common 

i n  t h e  S k u l l  C reek  S h a l e  i n  Weston  C oun ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 8 3 7 H -2 -1 8 ,  T h e r 

m o p o l i s  S h a l e ,  B ig  H orn  Coun ty .

BALTISPHAERIDIUM SP. B 

P l a t e  13, f i g .  5

Body s p h e r i c a l ;  l a e v i g a t e ;  o r n a m e n te d  w i t h  p o i n t e d ,  

h i r s u t e ,  d e n s e l y  s p a c e d  s p i n o s e  p r o j e c t i o n s ;  p r o j e c t i o n s  l e s s  

t h a n  one m ic ro n  i n  d i a m e t e r ,  f r e q u e n t l y  r e c u r v e d  and  t a n g l e d  

t o g e t h e r ,  l e n g t h  5 - 8  m i c r o n s ;  d i a m e t e r  o f  body ( e x c l u s i v e  o f  

s p i n e s )  2 3 - 5 3  m i c r o n s .
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T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 8 3 7 G -4 -4 ,  Thermopo-

l i s  S h a l e ,  B ig  Horn C o u n ty ,  Wyoming. D i a m e t e r  2 3 . 5  m i c r o n s .

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

w h i t e i  D e f l a n d r e  an d  C o u r t e v i l l e ,  1939,  b u t  t h e  s i z e  r a n g e  

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

c l o s e l y  p ack e d ,

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  m in o r  a b u n d a n c e

i n  t h e  T h e r m o p o l i s  S h a l e  i n  T e to n  and B ig  Horn C o u n t i e s .  

P r e s e n t  i n  t h e  l o w e r  p a r t  o f  t h e  T h e r m o p o l i s  S h a l e  i n  Hot 

S p r i n g s  C o u n ty ,  and  i n  t h e  F a l l  R i v e r  and  S k u l l  C reek  Fo rm a

t i o n s  i n  W eston  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 8 3 7 G -4 -4 ,  Thermopo-

l i s  S h a l e ,  B ig  H orn  C o u n ty .

BALTISPHAERIDIUM SP. C 

P l a t e  12,  f i g .  5

Body s p h e r i c a l ;  l a e v i g a t e ;  s p i n o s e ,  s p i n e s  s h o r t ,  

s m o o th ,  w i d e l y  s p a c e d  and  c o n i c a l ,  u s u a l l y  r i g i d ,  o c c a s i o n 

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

2 . 0 - 4 . 3  m i c r o n s  l o n g ,  a p p a r e n t l y  s o l i d ;  d i a m e t e r  o f  body ( e x 

c l u d i n g  s p i n e s )  2 3 - 3 1  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 8 4 0 D -3 -3 ,  Thermopo-

lis Shale, Teton County. Diameter 23.0 microns.
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T h i s  fo rm  i s  q u i t e  r a r e  b u t  i s  e a s i l y  r e c o g n i z a b l e  

by t h e  s h o r t ,  w i d e l y  s p a c e d ,  a p i c u l a t e  p r o j e c t i o n s  an d  t h e  

l a e v i g a t e  s u r f a c e .

A f f i n i t y  : Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  a s  a  t r a c e  i n  t h e

T h e r m o p o l i s  S h a l e  i n  T e to n  C o u n ty  and  i n  t h e  F a l l  R i v e r  and  

S k u l l  C reek  F o r m a t i o n s  i n  W es ton  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 8 4 0 D -3 -3 ,  Thermopo-

l i s  S h a l e ,  T e to n  C o u n ty .

Genus MICRHYSTRIDIUM D e f l a n d r e ,  1937 

Type s p e c i e s :  M i c r h y s t r i d i u m  i n c o n s p i c u u m  ( D e f l a n d r e ,  1935) 

D e f l a n d r e ,  1937 (p .  80 ,  p i .  12 ,  f i g s .  1 1 - 1 3 ) .  

1935 H y s t r i c h o s p h a e r a  i n c o n s p i c u a  D e f l a n d r e  

(p .  2 3 3 ,  p i .  9 ,  f i g s .  4 ,  7 ,  11 ,  and  1 2 ) .

MICRHYSTRIDIUM INCONSPICUUM ( D e f l a n d r e ,  1935)  

D e f l a n d r e ,  1937 

P l a t e  13 ,  f i g s .  3 and  8

The e x t r e m e l y  s m a l l  s i z e ,  l a e v i g a t e  s u r f a c e ,  an d  

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

a b l e .  I t  o c c u r s  i n  t h e  T h e r m o p o l i s  S h a l e  and Muddy S a n d s to n e  

i n  B ig  Horn  County  i n  f a i r  a b u n d a n c e .

A f f i n i t y :  Unknown.
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S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  s m a l l  numbers

i n  t h e  T h e r m o p o l i s  S h a l e  i n  T e to n  C o u n ty .  Common i n  t h e  

T h e r m o p o l i s  S h a l e ,  Muddy S a n d s t o n e ,  and  S h e l l  C reek  S h a l e  i n  

H ot  S p r i n g s  an d  B ig  Horn C o u n t i e s .  F a i r l y  common i n  t h e  

S k u l l  C reek  S h a l e  i n  Weston  C oun ty .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 8 3 6 B - 1 - 1 ,  T h e r 

m o p o l i s  S h a l e ,  Hot  S p r i n g s  C o u n ty ,  and  OPC 8 3 8 B - 2 - 3 ,  Muddy 

S a n d s t o n e ,  B ig  Horn  C o u n ty .

MICRHYSTRIDIUM c f .  M. FRAGILE D e f l a n d r e ,  1947 

P l a t e  12, f i g .  6

Body s p h e r i c a l ;  s u r f a c e  l a e v i g a t e ;  5 -1 0  n e e d l e l i k e  

p r o c e s s e s  p r e s e n t ,  9 - 1 8  m i c r o n s  l o n g ,  h o l l o w ,  t a p e r i n g ,  

p o i n t e d  and  r i g i d ;  d i a m e t e r  o f  body 1 2 -1 8  m i c r o n s .

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

p r o c e s s e s  and  t h e y  seem t o  be more r i g i d  t h a n  t h e  fo rm s  d e 

s c r i b e d  by D e f l a n d r e .

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  s m a l l  num bers

i n  t h e  u p p e r  p a r t  o f  t h e  T h e r m o p o l i s  S h a l e  and  Muddy S a n d 

s t o n e  i n  T e t o n  C o u n ty ,  i n  t h e  u p p e r  p a r t  o f  t h e  T h e r m o p o l i s  

S h a l e  i n  B ig  Horn  C o u n ty ,  and  i n  t h e  S k u l l  C reek  S h a l e  i n  

W eston  C o u n ty .

Figured specimen; Slide No. OPC 837H-1-17,
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T h e r m o p o l i s  S h a l e ,  B ig  Horn C o u n ty .

MICRHYSTRIDIUM DENSISPINUM V a l e n s i ,  1953 

P l a t e  13,  f i g s .  7 and  9 

T h i s  i s  a common s p e c i e s  i n  t h e  lo w e r  p a r t  o f  t h e  

T h e r m o p o l i s  S h a l e  i n  Big  Horn C o u n ty .  A d e s c r i p t i o n  o f  t h e  

fo rm s  h e r e i n  a s s i g n e d  t o  M. d e n s i s p i n u m  f o l l o w s  :

Symmetry r a d i a l ;  s h a p e  s p h e r i c a l  t o  o v a t e ;  w a l l  l e s s  

t h a n  one  m i c r o n  t h i c k ,  c o v e r e d  w i t h  c l o s e l y  s p a c e d ,  e v e n l y  

a r r a n g e d ,  p o i n t e d ,  a p i c u l a t e  t o  h i r s u t e  s p i n e s ,  1 . 5  m i c r o n s  

o r  l e s s  h i g h ,  s p i n e s  may h a v e  s l i g h t l y  ex p an d ed  b a s e s ;  d i a m 

e t e r  e x c l u s i v e  o f  s p i n e s  4 - 1 9  m i c r o n s ,  a v e r a g e  11 m i c r o n s .

The Wyoming fo rm s  d i f f e r  f rom  t h e  s p e c im e n s  d e 

s c r i b e d  by V a l e n s i  o n l y  i n  t h a t  t h e  s i z e  r a n g e  i s  somewhat 

l a r g e r .  The s p e c i e s  i s  c h a r a c t e r i z e d  by t h e  s h o r t ,  p o i n t e d ,  

v e r y  c l o s e l y  s p a c e d  s p i n e s .

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  T h e rm o p o l i s

S h a l e  and  Muddy S a n d s to n e  i n  T e to n  C o u n ty .  Very a b u n d a n t  i n  

t h e  lo w e r  T h e rm o p o l i s  S h a l e  i n  Hot S p r i n g s  and  B ig  Horn 

C o u n t i e s .  P r e s e n t  i n  t h e  Muddy S a n d s to n e  and  S h e l l  Creek  

S h a l e  i n  B ig  Horn C oun ty .  F a i r l y  common i n  t h e  S k u l l  C reek  

S h a l e  i n  W eston  C oun ty .

Figured specimens: Slides No. OPC 635C-7-4, Skull
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Creek  S h a l e ,  W eston  C oun ty ,  and  OPC 8 3 6 B -1 -2 ,  T h e r m o p o l i s  

S h a l e ,  Hot S p r i n g s  C oun ty .

MICRHYSTRIDIUM SP. A 

P l a t e  13,  f i g .  10

Symmetry r a d i a l ;  s p h e r i c a l ;  w i d e l y  s p a c e d ,  p o i n t e d ,  

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

t i p ,  g e n e r a l l y  r i g i d ,  o c c a s i o n a l l y  r e c u r v e d ,  1-2  m ic ro n s  

l o n g ;  s u r f a c e  o t h e r w i s e  l a e v i g a t e ;  d i a m e t e r  e x c l u s i v e  o f  

s p i n e s  5 . 5 - 1 3 . 5  m i c r o n s .

Type s p e c im e n :  S l i d e  No. OPC 8 3 7 F - 9 - 1 ,  T h e r m o p o l i s

S h a l e ,  B ig  H orn  C o u n ty ,  Wyoming. D i a m e t e r  7 . 7 - 8 . 8  m i c r o n s .

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  T h e r m o p o l i s

S h a le  i n  T e to n  C o u n ty .  F a i r l y  common i n  t h e  T h e r m o p o l i s ,  

Muddy, and  S h e l l  Creek  F o r m a t i o n s  i n  B ig  Horn C o u n ty .  P r e s e n t  

i n  t h e  S k u l l  C reek  S h a le  i n  W eston  C o u n ty .

F i g u r e d  s p e c im e n :  S l i d e  No. OPC 8 3 7 F - 9 - 1 ,  T h e r 

m o p o l i s  S h a l e ,  B ig  Horn C oun ty .

Genus VERYHACHIUM D e u n f f ,  1954 

Type s p e c i e s :  V eryhach ium  t r i s u l c u m  ( D e u n f f ,  1951) D e u n f f ,

1954 (p .  1 0 6 4 ) .

1951 H y s t r i c h o s p h a e r i d i u m  t r i s u l c u m  D e u n f f
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(p .  322 ,  f i g .  3 ) .

VERYHACHIUM SP. A 

P l a t e  12,  f i g s .  7 and  8

O u t l i n e  t r i a n g u l a r ;  f l a t t e n e d ,  p r o b a b l y  o r i g i n a l l y  

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

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

i n g ,  p o i n t e d  p r o c e s s ;  w a l l  t h i n ,  l e s s  t h a n  o ne  m i c r o n  t h i c k ;  

d i m e n s i o n s  ( f rom  t i p  o f  one  c o r n e r  p r o c e s s  t o  m i d d l e  o f  o p 

p o s i t e  s i d e )  2 9 - 3 6  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 8 3 7 G - 4 -2 ,  Thermopo-

l i s  S h a l e ,  B ig  H orn  C o u n ty ,  Wyoming. D im e n s io n s  2 9 . 5  x  3 3 .0  

X  3 3 . 0  m i c r o n s .

P a l a e o t e t r a d i n i u m  hya loderm um  Cookson ,  1956 r e s e m b l e s  

t h i s  s p e c i e s  e x c e p t  t h a t  i t  b e a r s  f o u r  s p i n e s  and  i s  t e t r a 

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

A f f i n i t y :  T h i s  s p e c i e s  r e s e m b l e s  some m odern  g e n e r a

o f  d e s m i d s . I t  i s  p r o b a b l y  r e l a t e d  t o  t h e  a l g a e .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  s m a l l  numbers

i n  t h e  T h e r m o p o l i s  S h a l e  and  Muddy S a n d s to n e  i n  T e to n  C o u n ty ,  

t h e  T h e r m o p o l i s  S h a l e  i n  B ig  Horn C o u n ty ,  and  t h e  S k u l l  Creek  

S h a l e  i n  W es to n  C o u n ty .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 8 3 7 G - 4 -2 ,  and  OPC

837H-10-1, Thermopolis Shale, Big Horn County.
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VERYHACHIUM SP. B 

P l a t e  12,  f i g s .  9 and  10

Shape  a n g u l a r ;  f l a t t e n e d ;  r o u g h l y  t r i a n g u l a r ,  e a c h  

a p e x  p r o l o n g e d  i n t o  a  t a p e r i n g ,  p o i n t e d  p r o j e c t i o n ;  two 

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

p r o j e c t  f rom  t h e  c e n t r a l  b o d y ,  one  p a i r  o c c u r s  n e a r  t h e  c e n 

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

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

t h e  b o d y ,  o ne  p r o c e s s  e x t e n d i n g  o u t w a r d  on  e i t h e r  s i d e  o f  

t h e  bo d y ;  body and p r o c e s s e s  l a e v i g a t e ;  d i a m e t e r  o f  body 12- 

21 m i c r o n s ,  p r o j e c t i o n s  7 -1 5  m i c r o n s  l o n g .

T y p i c a l  s p e c im e n .  S l i d e  No. OPC 8 3 7 H -1 0 -1 1 ,  T h e r 

m o p o l i s  S h a l e ,  B ig  Horn C o u n ty ,  Wyoming. O v e r a l l  d i a m e t e r  

( f rom  t i p  o f  c o r n e r  p r o c e s s  t o  m i d d l e  o f  o p p o s i t e  s i d e )  28 x 

27 X 27 m i c r o n s ,  a c c e s s o r y  p r o j e c t i o n s  1 1 .5  m ic ro n s  l o n g .

T h i s  s p e c i e s  b e a r s  a  t o t a l  o f  s e v e n  p r o c e s s e s ,  t h r e e  

a t  t h e  c o r n e r s  o f  t h e  t r i a n g u l a r  body and  f o u r  p r o j e c t i n g  

f rom t h e  body .  O c c a s i o n a l l y  o ne  o f  t h e  a p i c a l  p r o c e s s e s  

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

b a ck  a g a i n s t  t h e  s u r f a c e  o f  t h e  body .

A f f i n i t y :  P r o b a b ly  r e l a t e d  t o  t h e  a l g a e ,  p o s s i b l y

to the desmids.
Stratigraphie occurrence : Rare in the Thermopolis
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S h a l e  i n  T e to n  and  B ig  Horn C o u n t i e s .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 8 37H -10-11 ,  T h e r 

m o p o l i s  S h a l e ,  B ig  H orn  C o u n ty ,  and OPC 8 4 0 C - 2 - 1 ,  T h e rm o p o l i s  

S h a l e ,  T e to n  C o u n ty .

VERYHACHIUM SP, C 

P l a t o  12, f i g .  11

Symmetry r a d i a l ;  body a n g u l a r ,  b e a r s  7 - 8  l o n g ,  h o l l o w  

p r o c e s s e s ,  19-22  m i c r o n s  l o n g ;  p r o c e s s e s  b r o a d  a t  b a s e  and  

t a p e r  t o  a  p o i n t ,  p r o c e s s e s  c o n n e c t  w i t h  i n t e r i o r  o f  body ,  

u s u a l l y  r i g i d ,  o c c a s i o n a l l y  s l i g h t l y  f l e x e d ;  1-2  s h o r t ,  

n e e d l e  l i k e ,  h o l l o w  p r o c e s s e s ,  8-12  m ic ro n s  l o n g  o c c a s i o n a l l y  

p r e s e n t ;  w a l l  l e s s  t h a n  one  m ic ro n  t h i c k ;  s u r f a c e  l a e v i g a t e  

t o  v e r y  f i n e l y  g r a n u l a r ;  d i a m e t e r  o f  body 1 7 -2 8  m i c r o n s .

Too few  s p e c im e n s  o f  t h i s  form w e re  s e e n  t o  w a r r a n t  

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

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  o n l y  a s  a t r a c e

i n  t h e  T h e r m o p o l i s  S h a l e  i n  B ig  Horn County  and  i n  t h e  S k u l l  

C reek  S h a l e  i n  W eston  Coun ty .

Figured specimen: Slide No. OPC 837F-1-13, Ther
mopolis Shale, Big Horn County.
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Genus CHLAMYDOPHORELLA Cookson and  E i s e n a c k ,  1958 

Type s p e c i e s :  C h la tn y d o p h o r e l l a  n y e i  Cookson and  E i s e n a c k ,

1958 (p .  5 6 - 5 7 ,  p i .  11 ,  f i g s .  1 - 3 ) .

CHLAMYDOPHORELLA c f .  NYEI Cookson and E i s e n a c k ,  1958

P l a t e  11 ,  f i g .  7

Body a p p r o x i m a t e l y  s p h e r i c a l  w i t h  an a p i c a l  p r o j e c 

t i o n  a b o u t  15 m i c r o n s  l o n g  and  13 m i c r o n s  w i d e ;  body c o v e r e d  

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

t i p s ,  3 - 6  m i c r o n s  l o n g ;  s p i n e s  s u p p o r t  a  d e l i c a t e  v e i l  o r  

membrane w h ic h  e n c i r c l e s  t h e  w h o le  body and  w h ic h  i s  drawn 

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

i n g  beyond  i t  a  s h o r t  d i s t a n c e ;  d i a m e t e r  o f  body e x c l u s i v e  

o f  s p i n e s  3 1 -4 3  m i c r o n s .

Spec im ens  h e r e  r e f e r r e d  t o  C. n y e i  l a c k  t h e  g i r d l e 

l i k e  a p p e a r a n c e  d e s c r i b e d  by Cookson and  E i s e n a c k  b u t  a r e  

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

A f f i n i t y :  P o s s i b l y  r e l a t e d  t o  t h e  d i n o f l a g e l l a t e s .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  s m a l l  numbers

i n  t h e  u p p e r  p a r t  o f  t h e  T h e r m o p o l i s  S h a l e  and  i n  t h e  Muddy 

S a n d s t o n e  i n  T e to n  C o u n ty ,  i n  t h e  Thermop o l i s  S h a l e  i n  Big 

H orn  C o u n ty ,  and  i n  t h e  S k u l l  C reek  S h a l e  i n  Weston  C o u n ty .

Figured specimen: Slide No. OPC 837G-3-6, Thermop-
olis Shale, Big Horn County.
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F a m i l y  PTEROSPERMOPSIDAE E i s e n a c k ,  1954

Genus PTEROSPERMOPSIS W„ W e t z e l ,  1952 

Type s p e c i e s :  P t e r o s p e r m o p s i s  d a n i c a  W. W e t z e l ,  1952 (p .

4 1 2 ,  p i .  6 ,  f i g .  16,  t e x t  f i g .  3 4 ) .  

PTEROSPERMOPSIS EURYPTERIS 

Cookson and E i s e n a c k ,  1958 

P l a t e  12, f i g .  14

T h i s  s p e c i e s  was o r i g i n a l l y  d e s c r i b e d  f rom  t h e  Lower 

C r e t a c e o u s  o f  A u s t r a l i a .  T h e re  a r e  no o b s e r v a b l e  d i f f e r e n c e s  

b e tw e e n  t h e  Wyoming s p e c im e n s  and  t h o s e  d e s c r i b e d  by Cookson 

a n d  E i s e n a c k .

A f f i n i t y :  A c c o r d i n g  t o  D e f l a n d r e  and  Cookson ( 1 9 5 5 ) ,

fo rm s  o f  t h i s  t y p e  r e s e m b l e  s p e c im e n s  o f  t h e  g e n u s  P t e r o - 

sp e rm a  P o u c h e t ,  a  p r o b l e m a t i c a l  com ponen t  o f  l i v i n g  p l a n k t o n .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  a s  a  r a r e  e l e m e n t

i n  t h e  R u s t y  b e d s  i n  H o t  S p r i n g s  C o u n ty ,  i n  t h e  Muddy S a n d 

s t o n e  i n  B ig  H orn  C o u n ty ,  and  i n  t h e  S k u l l  C reek  S h a l e  i n  

W es ton  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 8 3 8 B - 4 - 1 ,  Muddy

S a n d s t o n e ,  B ig  H o rn  C o u n ty .

PTEROSPERMOPSIS c f .  P. AUSTRALIENSIS 

D e f l a n d r e  and  Cookson ,  1955
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P l a t e  12, f i g .  12 

C i r c u l a r  i n  p o l a r  v i e w ;  c e n t r a l  body and s u r r o u n d i n g  

" f l a n g e "  l a e v i g a t e ;  w a l l  o f  c e n t r a l  body l e s s  t h a n  one  m ic ro n  

t h i c k ;  d i a m e t e r  o f  c e n t r a l  body 12-18  m i c r o n s ;  o v e r a l l  d i a m 

e t e r  3 5 - 5 1  m i c r o n s .

P. a u s t r a l i e n s i s  i s  e s s e n t i a l l y  s i m i l a r  t o  P. e u r y p - 

t e r i s  e x c e p t  f o r  i t s  s m a l l e r  s i z e .  The Wyoming s p e c im e n s  

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

t h e  r a t i o  o f  t h e  c e n t r a l  body t o  t h e  f l a n g e  i s  s l i g h t l y  

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

f o l d s .

A f f i n i t y :  See d i s c u s s i o n  f o r  P. e u r y p t e r i s .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  v e r y  m in o r

a b u n d a n c e  i n  t h e  u p p e r  p a r t  o f  t h e  T h e r m o p o l i s  S h a l e  and  i n  

t h e  Muddy S a n d s to n e  i n  Big  Horn County  and  i n  t h e  S k u l l  Creek  

S h a l e  i n  W es ton  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 6 - 1 0 - 8 ,  S k u l l

C reek  S h a l e ,  Weston C o u n ty .

PTEROSPERMOPSIS SP. A 

P l a t e  12,  f i g .  13 

O va l  t o  c i r c u l a r  i n  p o l a r  v i e w ;  c e n t r a l  body o v a l  t o  

c i r c u l a r ,  l a e v i g a t e ,  f a i r l y  t h i c k  w a l l e d ;  f l a n g e  n a r r o w ,  

l a e v i g a t e ;  d i a m e t e r  o f  c e n t r a l  body 2 0 -4 3  m i c r o n s ;  o v e r a l l
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d i a m e t e r  2 8 -5 7  m i c r o n s ;  r a t i o  o f  c e n t r a l  body t o  f l a n g e  

a b o u t  1 . 4 .

T h i s  fo rm  r e s e m b l e s  P t e r o s p e r m o p s i s  g i n g i n e n s i s  De

f l a n d r e  and  C ookson ,  1955 e x c e p t  t h a t  t h e  r a t i o  o f  body t o  

f l a n g e  i s  a  l i t t l e  s m a l l e r  and  t h e  c e n t r a l  body i s  l a e v i g a t e  

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

s p e c i m e n s .

A f f i n i t y :  P r o b a b l y  a  p l a n k t o n i c  o r g a n i s m  s i m i l a r  t o

o t h e r  s p e c i e s  o f  P t e r o s p e r m o p s i s .

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  Thermopo-

l i s  S h a l e  i n  T e to n  County  and i n  t h e  S k u l l  Creek  S h a le  i n  

Weston C oun ty .

F i g u r e d  s p e c im e n :  S l i d e  No. OPC 8 4 0 D -8 -1 ,  T h e r 

m o p o l i s  S h a l e ,  T e to n  Coun ty .

Genus CYMATIOSPHAERA 0 .  W e t z e l ,  1932 emend. D e f l a n d r e ,  1954 

Type s p e c i e s :  C y m a t i o s p h a e r a  r a d i a t a  (0 .  W e t z e l ,  1933)

D e f l a n d r e ,  1954 (p .  2 5 7 - 2 5 8 ) .

1933 C y m a t i o s p h a e r a  r a d i a t a  0 .  W e tz e l  (p .  2 7 ,  

p i .  4 ,  f i g .  8 ) .

CYMATIOSPHAERA SP. A 

P l a t e  14, f i g .  11

S h e l l  r a d i a l ;  s p h e r i c a l ;  s u r f a c e  r e t i c u l a t e ,  o t h e r w i s e
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l a e v i g a t e ;  i n t e r s e c t i o n s  o f  m û r i  s l i g h t l y  t h i c k e n e d ,  1 . 0 - 1 . 5  

m ic ro n s  h i g h ,  m û r i  l o w e r  b e tw e e n  i n t e r s e c t i o n s  and  membranous,  

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

" c r i n k l e d "  w a l l s ;  lumens  g e n e r a l l y  f i v e  s i d e d ,  o c c a s i o n a l l y  

4 o r  6 s i d e d ,  4 - 9  m i c r o n s  w i d e ;  body w a l l  2 . 0 - 5 . 5  m i c r o n s  

t h i c k ;  o v e r a l l  d i a m e t e r  1 7 -5 3  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 6 3 6 - 4 - 1 1 ,  S k u l l

Creek  S h a l e ,  W es ton  C o u n ty ,  Wyoming. D i a m e t e r  3 5 . 6  m i c r o n s .

T h i s  s p e c i e s  i s  s i m i l a r  t o  C. p a c h y t h e c a  E i s e n a c k ,

1957 b u t  d i f f e r s  f rom  i t  i n  t h a t  t h e  w a l l  i s  t h i n n e r  and  h a s  

no p o r e s  an d  t h e  s i z e  r a n g e  i s  c o n s i d e r a b l y  s m a l l e r .  C. 

p a r v a  S a r j e a n t ,  1959 ,  i s  c o n s i d e r a b l y  s m a l l e r  and  h a s  a 

t h i n n e r  w a l l  t h a n  t h e  Wyoming s p e c i m e n s .

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  u p p e r  p a r t

o f  t h e  T h e r m o p o l i s  S h a l e  i n  B ig  Horn County  and  i n  t h e  S k u l l  

Creek  S h a l e  i n  W eston  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 6 - 4 - 1 1 ,  S k u l l

Creek  S h a l e ,  W eston  C o u n ty .

ANIMALIA INCERTAE SEDIS 

Genus CRASSOSPHAERA Cookson and Manum, 1960
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Type s p e c i e s :  C r a s s o s p h a e r a  c o n c i n n a  Cookson and  Manum,

1960 (p .  6 - 7 ,  t e x t  f i g .  1,  p i .  1,  f i g s .  1-3 

and  7 - 1 0 ) ,

CRASSOSPHAERA SP.

P l a t e  11,  f i g .  9

Symmetry r a d i a l ;  s h a p e  s p h e r i c a l ;  s u r f a c e  c o v e r e d  

w i t h  e v e n l y  s p a c e d ,  s m o o th ,  r o u n d e d  p r o j e c t i o n s  l e s s  t h a n  

o n e  m i c r o n  h i g h ,  1 . 0 - 1 . 5  m i c r o n s  i n  d i a m e t e r ,  s p a c e d  a p p r o x 

i m a t e l y  two m i c r o n s  a p a r t ;  e a c h  p r o j e c t i o n  b e a r s  a  m i n u t e  

p i t  w h ic h  a p p a r e n t l y  does  n o t  p i e r c e  t h e  body w a l l ;  o v e r a l l  

d i a m e t e r  4 1 . 5  m i c r o n s ;  w a l l  4 m i c r o n s  t h i c k .

T h i s  fo rm  i s  r a r e  i n  t h e  Wyoming s a m p le s  and  to o  few 

s p e c i m e n s  w e r e  s e e n  t o  e r e c t  a  t y p e .

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  S h e l l

C re ek  S h a l e  i n  B ig  Horn  County  a n d  i n  t h e  S k u l l  C reek  S h a le  

i n  W eston  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 6 3 5 C - 3 - 3 ,  S k u l l

C ree k  S h a l e ,  W es ton  C o u n ty .

Genus DIPLOTESTA Cookson and  E i s e n a c k ,  1960 

Type s p e c i e s :  D i p l o t e s t a  g l a e s s n e r i  Cookson and  E i s e n a c k ,

1960 (p .  2 5 6 ,  p i .  39 ,  f i g s .  4 - 6 ) .
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DIPLOTESTA GLAESSNERI 

Cookson an d  E i s e n a c k ,  1960 

P l a t e  1^ ,  f i g .  1 

T h i s  s p e c i e s  i s  r a r e  i n  t h e  Wyoming Lower C r e t a c e o u s  

b u t  t h e  s p e c i m e n s  w h ic h  w e re  s e e n  d i f f e r  f rom D. g l a e s s n e r i  

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

A f f i n i t y ;  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  m in o r  num bers

i n  t h e  u p p e r  p a r t  o f  t h e  T h e r m o p o l i s  S h a l e  and  i n  t h e  Muddy 

S a n d s to n e  i n  B ig  Horn  C o u n ty .  A lso  i n  t h e  S k u l l  C reek  

S h a l e ,  W es ton  C o u n ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 8 3 7 G -6 -1 ,  Thermop-

o l i s  S h a l e ,  B ig  Horn C o u n ty .

Genus DIOXYA Cookson and  E i s e n a c k ,  1958 

Type s p e c i e s :  D ioxya  a r m a t a  Cookson and  E i s e n a c k ,  1958 (p .

5 9 ,  p i .  11 ,  f i g .  1 1 ) .

DIOXYA ? SP.

P l a t e  14 ,  f i g .  10 

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

a p i c a l  p r o c e s s  p r e s e n t ;  a n t a p i c a l  end b r o a d ,  low, and 

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

s p a c e d  s p i n e s  a p p r o x i m a t e l y  one  m i c r o n  i n  d i a m e t e r ,  3 -5



162
m i c r o n s  l o n g ,  w i t h  b l u n t ,  b i f u r c a t e ,  o r  r a r e l y  m u l t i p a r t a t e  

e n d s ;  b r e a d t h  4 8 - 5 1  m i c r o n s ;  l e n g t h  6^ m i c r o n s .

D e s c r i p t i o n  b a s e d  on s e v e r a l  f r a g m e n t a r y  s p e c im e n s  

and  two c o m p l e t e  o n e s .  T h i s  form r e s e m b l e s  D io x y a  v i l l o s a  

Cookson and  E i s e n a c k ,  1960 b u t  seems to  h a v e  a s l i g h t l y  d i f 

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

A f f i n i t y ;  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  o n l y  i n  t h e  Muddy

S a n d s t o n e  i n  Big Horn C oun ty .

F i g u r e d  s p e c i m e n :  S l i d e  No. OPC 8 3 8 B - 6 - 1 ,  Muddy

S a n d s t o n e ,  B ig  Horn C oun ty .

GENUS B

Symmetry b i l a t e r a l ;  body w a l l  l e s s  t h a n  o n e  m ic ro n  

t h i c k ;  s h a p e  o f  body s u b r e c t a n g u l a r ; f o u r  p o r e s  p r e s e n t ,  one 

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

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

p o r e  a t  t h e  end .

GENUS B SP. A 

P l a t e  14,  f i g s .  2 ,  3 ,  and  6

Symmetry b i l a t e r a l ;  body a n g u l a r ;  o u t l i n e  r e c t a n g u 

l a r ;  s i d e s  s t r a i g h t  t o  s l i g h t l y  c o n ca v e  o r  c o n v e x ;  w a l l  l e s s  

t h a n  on e  m i c r o n  t h i c k ;  l e v i g a t e ,  s e c o n d a r y  f o l d s  common; f o u r
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p o r e s  p r e s e n t ,  one  a t  e a c h  c o r n e r  o f  body ;  p o r e s  3 -5  m ic ro n s  

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

5 - 2 6  m i c r o n s  l o n g ,  3 -5  m i c r o n s  i n  d i a m e t e r ;  l e n g t h  o f  body 

2 0 - 3 8  m i c r o n s ;  w i d t h  o f  body 1 2 . 7 - 2 5 . 4  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No, OPC 8 3 7 C -4 -2 ,  Thermopo- ^

l i s  S h a l e ,  B ig  Horn  C o u n ty ,  Wyoming. Body 2 2 , 8  m i c r o n s  l o n g ,  

1 5 .2  m i c r o n s  w i d e ;  c o r n e r  p r o j e c t i o n s  7 . 7 - 1 1 . 1  m i c r o n s  l o n g .

Forms a s s i g n e d  t o  t h i s  s p e c i e s  form a g r a d a t i o n a l  

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

s u r f a c e  o f  t h e  body a t  e a c h  o f  t h e  f o u r  c o r n e r s  t o  s p e c im e n s  

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

an  o pen  p o r e  a t  t h e  end .  A l t h o u g h  t h e  l e n g t h  o f  t h e  c o r n e r  

p r o j e c t i o n s  v a r y  g r e a t l y  f rom  s p e c im e n  t o  s p e c i m e n ,  t h e y  a r e  

a p p r o x i m a t e l y  t h e  same l e n g t h  on an  i n d i v i d u a l .  A few s p e c i 

mens show w h a t  may be an  o p e r c u l u m  f o l d e d  down i n s i d e  t h e  

p o r e .

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  a s  a r a r e  fo rm  i n

t h e  T h e r m o p o l i s  S h a l e  i n  T e t o n ,  Hot  S p r i n g s ,  and  B ig  Horn 

C o u n t i e s ,  and  i n  t h e  S k u l l  C reek  S h a l e  i n  Weston C o u n ty .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 8 3 7 C - 4 - 2 ,  OPC

837D-3-1, and OPC 837B-5-1, Thermopolis Shale, Big Horn
County.
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GENUS G

Symmetry b i l a t e r a l ;  body w a l l  l e s s  t h a n  one  m ic ro n  

t h i c k ;  s e c o n d a r y  f o l d s  common; s h a p e  r e c t a n g u l a r  o r  s u b s p h e r -  

i c a l ;  one  p o r e  p r e s e n t  a t  one  end  o f  b o d y ,  p o r e  s e s s i l e  o r  

w i t h  s l i g h t l y  r a i s e d  m a r g i n s .

GENUS C SP. A 

P l a t e  14,  f i g s .  4 ,  5 ,  and  7

Symmetry b i l a t e r a l ;  o u t l i n e  n o r m a l l y  r e c t a n g u l a r ,  

r a r e l y  s u b s p h e r i c a l ; w a l l  l e s s  t h a n  one  m i c r o n  t h i c k ;  l a e v i -  

g a t e ;  s e c o n d a r i l y  f o l d e d ;  one  p o r e  7 -1 9  m i c r o n s  i n  d i a m e t e r  

p r e s e n t  a t  one  end o f  bo d y ;  p o r e  s e s s i l e  o r  w i t h  r a i s e d  and 

s l i g h t l y  t h i c k e n e d  m a r g i n s ;  o v e r a l l  l e n g t h  4 0 - 6 1  m i c r o n s ;  

o v e r a l l  w i d t h  3 3 - 6 1  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 6 3 5 A -6 -4 ,  S k u l l

C reek  S h a l e ,  W eston  C o u n ty ,  Wyoming. D im e n s io n s  5 0 . 8  x 4 8 . 3  

m i c r o n s ,  d i a m e t e r  o f  p o r e  12 m i c r o n s .

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

a s s i g n e d  t o  t h i s  s p e c i e s  a r e  fo u n d  i n  a c o m p re s s e d  s t a t e  and 

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

r e c t a n g u l a r  o r  s q u a r e  b u t  may be r o u n d e d .  When e x p a n d e d ,  

t h e s e  fo rm s  may h a v e  fo rm ed  a  b o x l i k e  o r  s a c l i k e  s t r u c t u r e  

w i t h  a  l a r g e  p o r e  i n  one  s i d e .

A f f i n i t y :  Unknown.
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S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  Thermop

o l i s  S h a l e  i n  T e t o n ,  Hot S p r i n g s ,  and B ig  H orn  C o u n t i e s  and  

i n  t h e  S k u l l  C reek  S h a le  i n  W eston  C oun ty ,

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 6 3 5 A -6 -4 ,  OPC

6 3 5 A -1 -1 3 ,  and  OPC 6 3 5 A -7 -1 6 ,  S k u l l  C reek  S h a l e ,  Weston  

C o u n t y .

GENUS D

Body b i c o n v e x ,  c i r c u l a r  t o  o v a t e  i n  p o l a r  v iew ;  

r o u g h l y  c i r c u l a r  o p e n i n g  p r e s e n t  i n  c e n t e r  o f  one s i d e ;  body 

v a r i o u s l y  o r n a m e n t e d ;  e q u a t o r  may b e a r  s p i n o s e  p r o j e c t i o n s  

o r  a membranous f l a n g e .

GENUS D SP. A 

P l a t e  14,  f i g s .  8 and  9 

Body c i r c u l a r  t o  o v a l  i n  p o l a r  v i e w ;  b i c o n v e x  i n  

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

o f  one  s i d e ,  r a d i u s  o f  o p e n i n g  a b o u t  h a l f  t h a t  o f  body as  a 

w h o le  ; o t h e r  s i d e  o f  body e n t i r e  w i t h  a  s m a l l  number  o f  

w i d e l y  s p a c e d  a p i c u l a t e  p r o j e c t i o n s  2 - 4  m i c r o n s  l o n g  a r i s i n g  

f rom a zone  a p p r o x i m a t e l y  o p p o s i t e  t h e  o p e n i n g  on t h e  o t h e r  

s i d e ;  w a l l  1 . 0 - 1 . 5  m ic ro n s  t h i c k ;  membranous f l a n g e  a t t a c h e d  

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

a p i c u l a e  1 . 0 - 1 . 5  m ic ro n s  l o n g ;  f l a n g e  5 -1 0  m i c r o n s  w i d e ;



166
d i a m e t e r  o f  body 4 4 - 6 4  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 6 4 3 B -9 -8 ,  R u s ty

b e d s ,  T e to n  C o u n ty ,  Wyoming. D i a m e t e r  o f  body 5 4 . 0 - 5 9 . 0  

m i c r o n s ,  f l a n g e  5 - 6  m ic ro n s  w id e .

Specim ens  a s s i g n e d  t o  t h i s  s p e c i e s  a r e  a b u n d a n t  b u t  

p r e s e r v a t i o n  i s  u n i f o r m l y  p o o r ,  i n  m o s t  s p e c im e n s  o n l y  a  

few r e m n a n t s  o f  t h e  f l a n g e  s t i l l  c l i n g  t o  t h e  c e n t r a l  body.  

A l l  s p e c im e n s  o b s e r v e d  p o s s e s s  a c i r c u l a r  o p e n in g  on one 

s i d e .

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  R u s ty  b ed s

and lo w e r  T h e rm o p o l i s  S h a l e  i n  T e to n  C o u n ty ,  p r e s e n t  b u t  

r a r e  i n  t h e  R u s ty  beds  i n  Hot S p r i n g s  C o u n ty ,  t h e  S h e l l  

Creek  S h a l e  i n  B ig  Horn  C oun ty ,  and  i n  t h e  S k u l l  C reek  S h a l e  

i n  Weston C oun ty .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 6 4 3 B -9 -8 ,  OPC

6 4 3 B -1 0 -3 ,  R u s ty  b e d s ,  T e to n  County .

GENUS D SP. B 

P l a t e  14, f i g .  12

Body c i r c u l a r  t o  o v a l  i n  p o l a r  v iew ,  s t r o n g l y  b i c o n 

v e x  i n  e q u a t o r i a l  v i e w ;  r o u g h l y  c i r c u l a r  o p e n i n g  w i t h  som e

w h a t  r a g g e d  ed g es  p r e s e n t  i n  c e n t e r  o f  one  s i d e ;  o t h e r  s i d e  

e n t i r e  and  l a e v i g a t e ; r a d i u s  o f  o p e n i n g  o n e - h a l f  t o  two-
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t h i r d s  r a d i u s  o f  body a s  a w h o le ;  o b s c u r e ,  d i s c o n t i n u o u s  

r e t i c u l u m  d e v e l o p e d  on  same s i d e  o f  body a s  o p e n i n g ;  lumens 

p o l y g o n a l ,  5 -10  m i c r o n s  i n  d i a m e t e r ,  m u r i  c o n s i s t  o f  low 

t h i c k e n i n g s  a p p r o x i m a t e l y  one  m ic ro n  w id e  and  l e s s  t h a n  one  

m i c r o n  h i g h ;  w i d e l y  s p a c e d  s p i n o s e  p r o j e c t i o n s  p r o t r u d e  f rom 

e q u a t o r i a l  r e g i o n ,  s p i n e s  5 -10  m ic ro n s  l o n g ,  p o i n t e d  o r  w i t h  

s l i g h t l y  b u lb o u s  t i p s ,  t h i n  and  o f t e n  r e c u r v e d ;  body w a l l  

1 . 5 - 2 . 0  m i c r o n s  t h i c k ;  o v e r a l l  d i a m e t e r  o f  body ( s p i n e s  e x 

c l u d e d )  4 0 - 6 4  m i c r o n s .

T y p i c a l  s p e c i m e n :  S l i d e  No. OPC 8 3 5 D - 1 -1 ,  R u s ty

b e d s ,  Hot  S p r i n g s  C o u n ty ,  Wyoming. D im en s io n s  5 0 . 8 - 6 3 . 5  

m i c r o n s .

A l t h o u g h  a b u n d a n t ,  a l l  s p e c im e n s  o b s e r v e d  w e re  p o o r l y  

p r e s e r v e d .

A f f i n i t y :  Unknown.

S t r a t i g r a p h i e  o c c u r r e n c e :  P r e s e n t  i n  t h e  lo w e r  p a r t

o f  t h e  T h e r m o p o l i s  S h a l e  i n  T e to n  C oun ty .  A b undan t  i n  t h e  

R u s ty  b e d s  i n  Hot  S p r i n g s  C oun ty .

F i g u r e d  s p e c i m e n s :  S l i d e s  No. OPC 8 3 5 D - 1 -1 ,  R u s ty

beds. Hot Springs County.



ZONATION AND CORRELATION

P a l y n o l o g i c a l  f o s s i l s ,  b o t h  m a r i n e  and  n o n - m a r i n e ,  

a r e  p r e s e n t  i n  n e a r l y  a l l  s e d i m e n t a r y  r o c k  t y p e s .  Many 

r o c k s  w h ich  a r e  b a r r e n  o f  m e g a f o s s i l s  w i l l  y i e l d  an  a b u n 

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

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

t y p e  o f  f o s s i l .

Two b i o s t r a t i g r a p h i c  zo n es  can  be r e c o g n i z e d  w i t h  

m a r i n e  p l a n k t o n i c  f o s s i l s  and  t h e s e  d i v i d e  t h e  T h e r m o p o l i s  

and  S k u l l  C reek  S h a l e s  i n t o  an  u p p e r  and  a lo w e r  z o n e .  The 

l o w e r  zone i s  c h a r a c t e r i z e d  by t h e  d i n o f l a g e l l a t e  s p e c i e s  

P s e u d o c e r a t i u m  s p .  A and i s  h e r e  t e r m e d  t h e  P s e u d o c e r a t i u r o  

s p .  A a s s e m b l a g e  z o n e .  I n  T e to n  County  t h i s  zone c o n s i s t s  

o f  t h e  R u s ty  b ed s  and  a p p r o x i m a t e l y  t h e  l o w e r  h a l f  o f  t h e  

T h e r m o p o l i s  S h a l e .  I n  Hot S p r i n g s  and  B ig  Horn C o u n t i e s ,  t h e  

P s e u d o c e r a t i u m  s p .  A zone  c o n s i s t s  o f  t h e  R u s ty  beds  and a p 

p r o x i m a t e l y  t h e  l o w e r  two t h i r d s  o f  t h e  T h e r m o p o l i s  S h a l e .

In Weston County, the zone extends from slightly below the
168
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m i d d l e  o f  t h e  F a l l  R i v e r  F o r m a t i o n  t h r o u g h  t h e  lo w e r  t h i r d  

o f  t h e  S k u l l  Creek  S h a l e .  In  a d d i t i o n  t o  P s e u d o c e r a t i u m  s p .  

A, t h i s  zone a l s o  c o n t a i n s  t h e  f o l l o w i n g  p r o b l e m a t i c a l  f o s 

s i l  s p e c i e s :  Genus D s p .  A and Sp. B, and  Genus B s p .  A.

The u p p e r  zone i s  h e r e  t e r m e d  t h e  D e f l a n d r e a  c f .  D. 

m in o r  a s s e m b l a g e  zone and  i s  c h a r a c t e r i z e d  by t h e  f o l l o w i n g  

s p e c i e s  of f o s s i l s :  D e f l a n d r e a  c f .  D. m i n o r , H y s t r i c h o

s p h a e r a  c f .  H. f u r c a t a , G o n y a u lax  s p p . , H y s t r i c h o s p h a e r i d i u m  

c f .  H. t u b i f e r u m , H, c f .  H. ch o a n o p h o ru m , H. s p .  A, Chlamydo- 

p h o r e l l a  n y e i , B a l t i s p h a e r i d i u m  m a c h a e ro p h o ru m , B . lu m ec tu m , 

and  V eryhach ium  s p .  A. In  T e to n  Coun ty  t h i s  zone  c o m p r i s e s  

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

Muddy S a n d s t o n e .  I n  t h e  B ig  Horn County  s e c t i o n  i t  c o n s i s t s  

o f  t h e  u p p e r  t h i r d  o f  t h e  T h e r m o p o l i s  S h a l e  and i n  Weston 

County  o f  a p p r o x i m a t e l y  t h e  t o p  two t h i r d s  o f  t h e  S k u l l  

Creek  S h a l e .

Most o f  t h e  above  f o s s i l s  a r e  r e l a t e d  t o  t h e  d i n o -  

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

Genus D, and  V eryhach ium  s p .  A, h o w e v e r ,  show no i n d i c a t i o n  

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

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

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

c u t i c l e s ,  and  wood f r a g m e n t s ,  d e r i v e d  f rom  l a n d  f l o r a s  a r e
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i n d e p e n d e n t  o f  m a r in e  e c o l o g i c a l  c o n d i t i o n s  and  w h ere  mixed  

w i t h  m a r in e  f o s s i l s ,  t h e y  p r o v i d e  one  o f  t h e  s u r e r  means f o r  

t h e  c o r r e l a t i o n  o f  s t r a t a .  S p o re s  and  p o l l e n  d e r i v e d  from 

a r b o r e s c e n t  s p e c i e s  w h ich  d epend  u p o n  w ind  f o r  d i s s e m i n a t i o n  

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

v e g e t a t i o n .  Changes i n  t h e  c o m p o s i t i o n  o f  t h i s  t y p e  o f  

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

w i l l  t e n d  t o  be due  to  p l a n t  m i g r a t i o n  o r  r e g i o n a l  p l a n t  s u c 

c e s s i o n  i n  r e s p o n s e  t o  c l i m a t i c  o r  m a j o r  p h y s i o g r a p h i c  ch ange  

r a t h e r  t h a n  t o  m in o r  l o c a l  e n v i r o n m e n t a l  f a c t o r s .  P l a n t  

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

t i o n  a r e  o f  c o n s i d e r a b l e  d i f f e r e n c e  i n  a g e .  The f o l l o w i n g  

g e n e r a  h a v e  b een  s e l e c t e d  a s  b e i n g  t h e  more l i k e l y  t o  h a v e  

been  d e r i v e d  f rom  a r e g i o n a l  a r b o r e s c e n t  f l o r a ;  P l c e a e p o l l e n - 

i t e s , C l a s s o p o l l i s , V i t r e i s p o r i t e s , R u g u b i v e s i c u l i t e s , P o d o - 

c a r p i d i t e s  and  p o s s i b l y  T r i c o l p i t e s . The f i r s t  two g e n e r a  

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

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

c o r r e l a t i o n  v a l u e .  V i t r e i s p o r i t e s , P o d o c a r p i d i t e s , and 

R u g u b i v e s i c u l i t e s , h o w e v e r ,  h a v e  somewhat  l i m i t e d  r a n g e s  i n  

t h e  Wyoming Lower C r e t a c e o u s  and t h e i r  s t r a t i g r a p h i e  o c c u r 

r e n c e  a p p e a r s  s i g n i f i c a n t .  In  g e n e r a l ,  t h e y  r a n g e  h i g h e r  i n  

t h e  s e c t i o n  f rom e a s t  t o  w e s t .  T h i s  i s  p a r t i c u l a r l y  t r u e  o f
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R u g u b i v e s i c u l i t e s  and  V i t r e i s p o r i t e s .

The g en u s  R u g u b i v e s i c u l i t e s , o f  w h ic h  o n l y  one s p e 

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

N e w c a s t l e  F o r m a t i o n  i n  W eston  County  and  i n  t h e  lo w e r  p a r t  

o f  t h e  S h e l l  C reek  S h a l e  i n  Big H orn  C o u n ty .  P o d o c a r p i d i t e s  

and V i t r e i s p o r i t e s  a r e  p r e s e n t  i n  t h e  F a l l  R i v e r  and  S k u l l  

Creek  F o r m a t i o n s  i n  Weston County  b u t  n o t  i n  t h e  N e w c a s t l e  

F o r m a t i o n .  In  Hot S p r i n g s  and  B ig  Horn  C o u n t i e s  t h e s e  two 

g e n e r a  a r e  r e s t r i c t e d  t o  t h e  R u s ty  b ed s  and  T h e rm o p o l i s  S h a l e  

and do n o t  o c c u r  i n  t h e  Muddy S a n d s t o n e  o r  t h e  S h e l l  Creek  

S h a l e .  I n  T e to n  Coun ty  b o t h  g e n e r a  r a n g e  t h r o u g h o u t  t h e  T h e r 

m o p o l i s  S h a l e  and  i n t o  t h e  Muddy. I n  Weston  County  V i t r e i 

s p o r i t e s  o c c u r s  a s  low a s  t h e  lo w e r  m i d d l e  o f  t h e  F a l l  R i v e r  

F o r m a t i o n  ( sam p le  OPC 6 3 4 J ) „ I n  Hot S p r i n g s  County  i t  was 

n o t  o b s e r v e d  be low  sam p le  OPC 835E,  a p p r o x i m a t e l y  t h e  m i d d l e  

o f  t h e  R u s ty  b e d s .  I n  T e to n  C o u n ty ,  t h e  f i r s t  a p p e a r a n c e  o f  

V i t r e i s p o r i t e s  i s  i n  t h e  lo w e rm o s t  T h e r m o p o l i s  S h a l e .

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

t h e  above  g e n e r a  f rom  e a s t  t o  w e s t  s u g g e s t s  a p r o g r e s s i v e l y  

o l d e r  ag e  f o r  s i m i l a r  l i t h o f a c i e s  f rom  e a s t  t o  w e s t .  The 

R u s ty  beds  i n  T e to n  C o u n ty ,  f o r  e x a m p le ,  a r e  p o s s i b l y  o l d e r  

t h a n  t h e  R u s ty  f a c i e s  i n  Hot  S p r i n g s  Coun ty  and t h e  F a l l  

R i v e r  F o r m a t i o n  i s  p o s s i b l y  y o u n g e r  s t i l l .  H ere  t h e  a ssum ption
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i s  b e i n g  made t h a t  b i o f a c i e s  more c l o s e l y  a p p r o x i m a t e  t im e  

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

i n  u t i l i z i n g  f o s s i l s  f o r  t im e  c o r r e l a t i o n  l i e s  i n  t h e  p o s s i 

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

t e m p o ra n e o u s  d e p o s i t i o n .  W in d -b o rn e  p o l l e n  d e r i v e d  from 

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

c o n d i t i o n s  and  may be e x p e c t e d  t o  h a v e  a w id e  a e r i a l  d i s t r i 

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

c o n t r o l l e d  p r e d o m i n a n t l y  by c l i m a t i c  f a c t o r s  and  i n  an  a r e a  

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

c e n t  f l o r a  may be assum ed  t o  h a v e  b e e n  r e l a t i v e l y  c o n s t a n t .  

T h e r e f o r e ,  t h e  d i s t r i b u t i o n  o f  w i n d - b o r n e  p o l l e n  may be a s 

sumed t o  r e p r e s e n t  n e a r l y  c o n te m p o r a n e o u s  d e p o s i t i o n .  The 

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

The p a r e n t  p l a n t  o f  V i t r e i s p o r i t e s , f o r  e x a m p le ,  may h a v e  

e x i s t e d  i n  t h e  B la c k  H i l l s  r e g i o n  a t  a n  e a r l i e r  t i m e  t h a n  

i n  t h e  T e to n  County  a r e a  and t h e  r i s e  i n  t h e  s e c t i o n  o f  t h i s  

g e n u s  f rom  e a s t  t o  w e s t  may r e p r e s e n t  a  w e s t w a r d  m i g r a t i o n  

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

t h a t  t h e r e  i s  a b i o f a c i e s  r i s e  i n  t h e  s e c t i o n  f rom e a s t  t o  

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

T h i s  c o n c l u s i o n  i s  d raw n n o t  o n l y  f rom  t h e  d i s t r i b u t i o n  o f  

w i n d - b o r n e  p o l l e n  b u t  a l s o  from t h e  d i s t r i b u t i o n  o f  m a r in e
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p l a n k t o n i c  f o s s i l s .  M a r in e  p l a n k t o n  a r e  much l e s s  s u s c e p t 

i b l e  t o  e c o l o g i c a l  f a c t o r s  w h ich  may d r a s t i c a l l y  a f f e c t  t h e  

d i s t r i b u t i o n  o f  b e n t h o n i c  and  even  n e r i t i c  m e g a f o s s i l s .  In  

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

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

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

P s e u d o c e r a t i u m  and  Genus D a r e  a b u n d a n t  o n l y  i n  t h e  

R u s ty  beds  and  lo w e r m o s t  T h e r m o p o l i s  S h a l e  i n  Hot S p r in g s  

County b u t  o c c u r  up i n t o  t h e  lo w e r  f o u r t h  o f  t h e  T h e rm o p o l i s  

s e c t i o n  i n  T e to n  C o u n ty .  The d i s t r i b u t i o n  o f  P s e u d o c e r a t i u m  

and Genus D s u g g e s t s  t h a t  R u s ty  d e p o s i t i o n  h a d  c e a s e d  and 

T h e rm o p o l i s  S h a l e  was b e i n g  d e p o s i t e d  i n  T e to n  County w h i l e  

R u s ty  d e p o s i t i o n  was s t i l l  t a k i n g  p l a c e  i n  Hot S p r i n g s  County 

P r o b a b ly  t h e  lo w e r  f o u r t h  o f  t h e  T h e r m o p o l i s  s h a l e  f a c i e s  i n  

t h e  T e to n  County s e c t i o n  h ad  b e e n  l a i d  down by t h e  t im e  T h e r 

m o p o l i s  S h a l e  d e p o s i t i o n  s t a r t e d  i n  t h e  e a s t e r n  Big Horn 

B a s i n .  R e l a t i o n s h i p s  w i t h  t h e  F a l l  R i v e r  and  lo w e r  S k u l l  

Creek  F o r m a t i o n s  o f  t h e  s o u t h e r n  B la c k  H i l l s  a r e a  a r e  o b s c u r e .  

P s e u d o c e r a t i u m  i s  p r e s e n t ,  a l th o u g h ,  r a r e ,  i n  t h e  lo w e r  t h i r d  

o f  t h e  S k u l l  Creek  S h a l e  and o c c u r s  o n l y  i n  s a m p le s  OPC 634R 

and OPC 634J  o f  t h e  F a l l  R i v e r  F o r m a t i o n .  A c t u a l l y  no c r i 

t e r i a  a r e  a v a i l a b l e  t o  make any o t h e r  t h a n  g e n e r a l i z e d  

p o s t u l a t e s  r e g a r d i n g  t h e  age  r e l a t i o n s h i p s  o f  t h e  F a l l  R i v e r



174
F o r m a t i o n  and t h e  lo w e r  p a r t  o f  t h e  S k u l l  C reek  S h a le  t o  t h e  

B ig  Horn and T e to n  County s e c t i o n s .  The m a r i n e  f o s s i l  c o n 

t e n t  o f  t h e  lo w e r  t h i r d  o f  t h e  S k u l l  C reek  s e c t i o n  i s  s i m i l a r  

t o  t h a t  o f  a p p r o x i m a t e l y  t h e  lo w e r  one  h a l f  t o  two t h i r d s  o f  

t h e  T h e r m o p o l i s  i n  B ig  Horn County and a p p r o x i m a t e l y  t h e  

lo w e r  one  h a l f  o f  t h e  T h e rm o p o l i s  i n  T e to n  C o u n ty .

P o s s i b l y  t h e  lo w e r  t h i r d  o f  t h e  S k u l l  C reek  S h a l e  i n  

W eston  County i s  e q u i v a l e n t  t o  t h e  i n t e r v a l  o f  t h e  Thermop- 

o l i s  c o v e r e d  by s a m p le s  OPC 837A, OPC 837B, an d  OPC 837C i n  

B ig  H orn  C o u n ty ,  a n  i n t e r v a l  o f  a b o u t  70 f e e t  (100-170  f e e t  

be lo w  t h e  b a s e  o f  t h e  M uddy) . I f  t h i s  i s  t r u e  t h e n  t h e  u p 

p e r  F a l l  R i v e r  F o r m a t i o n  i n  Weston County  i s  o b v i o u s l y  e q u i v 

a l e n t  t o  t h e  lo w e rm o s t  T h e rm o p o l i s  i n  t h e  B ig  Horn B a s i n  

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

Genus B and Genus C a r e  e i t h e r  c o n f i n e d  t o ,  o r  a r e  most  a b u n 

d a n t  i n  t h e  lo w e r  S k u l l  C reek  i n  Weston Coun ty  and  t h e  OPC

837A t h r o u g h  OPC 837C sam p le  i n t e r v a l  i n  B ig  Horn County .

The u p p e r  two t h i r d s  o f  t h e  S k u l l  C reek  S h a le  i n  

W eston  County  seems t o  c o r r e l a t e  w i t h  t h e  t o p  50 to  75 f e e t  

o f  t h e  T h e rm o p o l i s  S h a le  i n  Big Horn County  an d  w i t h  t h e  t o p  

h a l f  o f  t h e  T h e rm o p o l i s  S h a l e  and  p o s s i b l y  t h e  Muddy San d 

s t o n e ,  i n  T e to n  C oun ty .  T h i s  c o n c l u s i o n  i s  b a s e d  on t h e  f o l 

l o w in g  f a c t s  :
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The f o l l o w i n g  f o s s i l  s p e c i e s  a r e  r e s t r i c t e d ,  i n  B ig  

H orn  C o u n ty ,  t o  a n  i n t e r v a l  c o m p r i s i n g  a p p r o x i m a t e l y  t h e  t o p  

t h i r d  o f  t h e  T h e r m o p o l i s  S h a l e :  H y s t r i c h o s p h a e r a  c f .  H.

f u r c a t a , H y s t r i c h o s p h a e r i d i u m  c f .  H. t u b i f e r u m , H. c f .  H. 

c h o a n o p h o ru m , H. c f .  H. e o i n o d e s , H. s p .  A, C h l a m y d o p h o r e l l a  

n y e i , V e ry h a c h iu m  s p .  A, D i p l o t e s t a  g l a e s s n e r i , D e f l a n d r e a  

c f .  D. m i n o r , an d  G o n y a u la x  s p p .  The same g ro u p  o f  f o s s i l s  

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

C reek  S h a l e  i n  W es ton  C o u n ty .  V ery h ach iu m  s p .  A an d  H y s t r i c h o 

s p h a e r a  c f .  H. f u r c a t a , h o w e v e r ,  r a n g e  u p  i n t o  t h e  t o p  o f  t h e  

S k u l l  C r e e k ,  b e i n g  p r e s e n t  i n  s a m p le  OPC 636.  H y s t r i c h o 

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

l o w e r  t h i r d  o f  t h e  S k u l l  Creek  i n  s a m p le  OPC 635B. In  T e to n  

C oun ty  t h e  same a s s e m b l a g e  i s  p r e s e n t  p r e d o m i n a n t l y  i n  t h e  

t o p  h a l f  o f  t h e  T h e r m o p o l i s  S h a l e .  Only  H y s t r i c h o s p h a e r i d i u m 

c f .  Ho e o i n o d e s  a n d  C h lamy d o p h o r e 1 l a  n y e i  o c c u r  up  i n t o  t h e  

Muddy S a n d s t o n e  i n  a b u n d a n c e .  V e ry h ach iu m  s p .  A and  

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

b u t  a r e  n o t  a b u n d a n t .  D e f l a n d r e a  c f .  D. m in o r  i s  p r e s e n t  

o n l y  i n  s a m p l e s  OPC 840A and  OPC 84GB, a p p r o x i m a t e l y  t h e  

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

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

m o p o l i s  S h a l e  i n  T e to n  C o u n ty .
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E i c h e r  (1 9 6 0 ,  p .  36)  i n  a  s t u d y  o f  t h e  F o r a r n i n i f e r a  

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

C reek  S h a l e  i n  t h e  s o u t h e r n  B la c k  H i l l s  c o r r e l a t e s  w i t h  t h e  

u p p e r  T h e rm o p o l i s  S h a l e  i n  t h e  a r e a  a r o u n d  T h e r m o p o l i s ,  Wyo

m ing .  The r e s u l t s  o f  t h e  p r e s e n t  i n v e s t i g a t i o n  s u g g e s t  t h a t  

o n l y  t h e  u p p e r  two t h i r d s  o f  t h e  S k u l l  C reek  S h a l e ,  a t  l e a s t  

i n  t h e  N e w c a s t l e  Wyoming a r e a ,  i s  c o r r e l a t i v e  w i t h  t h e  u p p e r  

T h e r m o p o l i s  i n  t h e  B ig  Horn B a s i n .



EXPLANATION OF FIGURES

F i g u r e s  3 and  4 i l l u s t r a t e  t h e  d i s t r i b u t i o n  and  r e l 

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

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

n e s s e s  a r e  d rawn  t o  s c a l e .  Each o f  t h e  t h r e e  m a j o r  g r o u p s  

o f  p a ly n o m o rp h s  ( t r i l e t e  s p o r e s ,  p o l l e n ,  and  f o s s i l  m i c r o 

p l a n k t o n )  i s  g r o u p e d  e x c l u s i v e  o f  t h e  o t h e r  two g r o u p s .  F o r  

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

any one  s a m p le  w i l l  e q u a l  100 p e r c e n t .  The t o t a l  o f  t h e  p e r 

c e n t a g e  o f  p o l l e n  i n  t h e  same sam ple  w i l l  a l s o  e q u a l  100 p e r 

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

The r e l a t i v e  a b u n d a n c e  o f  each  f o s s i l  s p e c i e s  i n  

ea c h  s a m p le  i s  shown i n  T a b le  I .  R e l a t i v e  a b u n d a n c e s  a r e  e x 

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

e a c h  s a m p l e .
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Time l i m i t a t i o n s  i n  t h e  f i e l d  made i t  i m p o s s i b l e  t o  

s am ple  t h e  s t u d i e d  f o r m a t i o n s  a t  more t h a n  o n e ,  o r  i n  some 

c a s e s  two,  l o c a l i t i e s .  I t  must  be p o i n t e d  o u t  t h a t  t h e  f o l 

lo w in g  c o n c l u s i o n s  a r e  l i m i t e d  t o  t h e  a r e a s  i n  w h ich  c o l l e c 

t i o n s  w e re  made.

F a l l  R i v e r  F o r m a t i o n

The F a l l  R i v e r  a s s e m b l a g e  i n d i c a t e s  d e p o s i t i o n  i n  a 

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

s u c h  a s  a  l o w - l y i n g  c o a s t a l  a r e a  c h a r a c t e r i z e d  by p r e d o m i 

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

wash o f  m a r in e  w a t e r s .  The p a l y n o l o g i c a l  a s s e m b la g e  c o n 

s i s t s  e s s e n t i a l l y  o f  s p o r e s  and p o l l e n ,  b u t  a few d i n o f l a g e l -  

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

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

n e n t a l  a s s e m b l a g e  i n d i c a t e s  a  f l u c t u a t i o n  b e tw e en  f r e s h  and 

b r a c k i s h  w a t e r  c o n d i t i o n s  d u r i n g  d e p o s i t i o n  o f  t h e  F a l l  R i v e r
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F o r m a t i o n .  F r e s h - w a t e r  c o n d i t i o n s  p r e d o m i n a t e d  d u r i n g  t h i s  

t i m e .  The s p o r e  f l o r a  i s  l a r g e  and  v a r i e d  w i t h  numerous 

l a r g e ,  o r n a t e  s p o r e s  o f  p o s s i b l e  s c h i z a c a e a n  a f f i n i t y .  Gym- 

n o sp e rm  p o l l e n ,  p r e d o m i n a n t l y  c o n i f e r a l i a n ,  i s  p r e s e n t  i n  

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

The p l a n t  s p o r e s  m ig h t  h a v e  b e e n  d e r i v e d  f rom  a 

c o a s t a l  swamp l y i n g  a d j a c e n t  t o  t h e  d e p o s i t i o n a l  a r e a .  The 

p o l l e n  g r a i n s  may r e p r e s e n t  swamp v e g e t a t i o n  b u t  a r e  a l s o  

p a r t l y  d e r i v e d  f rom  u p l a n d  v e g e t a t i o n .  Most  o f  t h e  f o s s i l s  

a r e  r a t h e r  p o o r l y  p r e s e r v e d ;  a p p a r e n t l y  t h e  F a l l  R i v e r  d e 

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

m a t e r i a l .  T h i s  t y p e  o f  p r e s e r v a t i o n  may a l s o  be i n d i c a t i v e  

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

swampy a r e a s  m us t  h a v e  b een  i n t e r m i t t e n t l y  p r e s e n t .

S k u l l  Creek  S h a le

The S k u l l  C reek  S h a l e ,  i n  t h e  a r e a  a r o u n d  N e w c a s t l e ,  

Wyoming, c o n t a i n s  t h e  b e s t  p r e s e r v e d  and  m os t  v a r i e d  a s s e m 

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

i n v e s t i g a t i o n .  A w e l l - d e v e l o p e d  m a r i n e  f a u n a  o f  d i n o f l a g e l -  

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

s p o r e  and  p o l l e n  a s s e m b l a g e .  Gymnosperm p o l l e n  g r a i n s ,  

p a r t i c u l a r l y  I n a p e r t u r o p o l l e n i t e s  s p .  A and  P i c e a p o l l e n i t e s
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compose t h e  b u l k  o f  t h e  a s s e m b l a g e .  The m a r in e  f a u n a  i s  

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

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

o r i g i n  and  i s  more d i v e r s i f i e d  i n  t h e  lo w er  p o r t i o n s  o f  t h e  

S k u l l  C reek  s e c t i o n .  The m a r i n e  e l e m e n t s  become more n u m e r 

ou s  an d  more d i v e r s i f i e d  i n  t h e  u p p e r  p a r t  o f  t h e  s e c t i o n .  

A l t h o u g h  t h e  w h o le  o f  t h e  S k u l l  C reek  S h a le  was u n d o u b t e d l y  

d e p o s i t e d  i n  a  m a r i n e  e n v i r o n m e n t ,  i t  would  seem t h a t  t h e  

u p p e r  p a r t  o f  t h e  f o r m a t i o n  ( s a m p le s  OPC 837C t h r o u g h  OPC 

636)  was d e p o s i t e d  f a r t h e r  f rom  s h o r e ,  p o s s i b l y  i n  d e e p e r  

w a t e r  t h a n  t h e  lo w e r  p o r t i o n s  o f  t h e  s e c t i o n  ( sam ples .O P C  

635A t h r o u g h  OPC 6 3 5 C ) . T h i s  i s  s u g g e s t e d  b e c a u s e  o f  t h e  

i n c r e a s i n g  i m p o r t a n c e  u p w ard  i n  t h e  s e c t i o n  o f  m a r i n e  fo rm s  

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

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

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

p r o b a b l y  m o s t l y  r e l a t a b l e  t o  t h e  F i l i c i n e a e  ( t r u e  f e r m s )  w ere  

p r e s e n t  i n  a b u n d a n c e .

N e w c a s t l e  F o r m a t i o n

G race  (1952)  h a s  p o i n t e d  o u t  t h a t  t h e  N e w c a s t l e  F o r 

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

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

i t e s .  Only s a m p le s  OPC 637C, OPC 637D, OPC 637H, and  OPC 

637J w e re  f o s s i l i f e r o u s . The N e w c a s t l e ,  a t  t h e  s a m p le d  l o 

c a l i t y ,  c o n t a i n s  a  f o s s i l  a s s e m b l a g e  e n t i r e l y  o f  c o n t i n e n t a l  

o r i g i n ,  t h e  b u l k  o f  w h ich  i s  made up o f  p l a n t  s p o r e s .  Gymno

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

o f  t h e  s e c t i o n  i n  s a m p le s  OPC 637C and OPC 637D and becomes 

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

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

p o r t a n t  i n  t h e  N e w c a s t l e  a s s e m b l a g e ;  h o w e v e r ,  s e v e n  d i f f e r e n t  

s p e c i e s  o f  a n g i o s p e r m  g r a i n s  a r e  fo u n d  i n  t h e  N e w c a s t l e  sam

p l e s ,  a  g r e a t e r  number  t h a n  i s  p r e s e n t  i n  any  o f  t h e  o t h e r  

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

C a r b o n i z e d  l e a f  r e m a i n s  and  t h i n  l i g n i t i c  zo n es  a r e  

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

N e w c a s t l e  d e p o s i t i o n ,  a t  t h e  l o c a l i t y  s t u d i e d  i n  t h i s  

p a p e r ,  was p r o b a b l y  i n  a l o w - l y i n g ,  c o n t i n e n t a l ,  f l u v i a l  o r  

swampy e n v i r o n m e n t .  The s p o r e  f l o r a  i s  d o m i n a t e d  by s m a l l ,  

sm oo th  f e r n  s p o r e s  s u c h  a s  C y a t h i d i t e s  and  G l e i c h e n i i d i t e s  

and  a  number  o f  s p o r e s  o f  s c h i z a c e a n  a f f i n i t y .  These  f e r n s  

a r e  c h a r a c t e r i s t i c  o f  modern t r o p i c a l  and s u b t r o p i c a l  swamps. 

Gymnosperm p o l l e n  i s  p r e s e n t  b u t  n o t  a b u n d a n t .  T h i s  i n d i 

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

a s s e m b l a g e  was f rom  some d i s t a n t  s o u r c e .  P o s s i b l y  b o t h  f a c 

t o r s  w e re  i n  o p e r a t i o n .  A r e l a t i v e l y  l a r g e  number o f  a n g i o 

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

p l a n t s  w e re  n o t  i m p o r t a n t  e l e m e n t s  o f  t h e  r e g i o n a l  f l o r a .

R u s ty  beds

D e p o s i t i o n  o f  t h e  R u s ty  beds  i n  b o t h  T e to n  an d  Hot 

S p r in g s  C o u n t i e s  i s  i n t e r p r e t e d  a s  h a v i n g  b e e n  i n  a s h a l l o w -  

w a t e r ,  n e a r - s h o r e ,  b r a c k i s h - w a t e r  e n v i r o n m e n t .  In  Hot 

S p r i n g s  C o u n ty ,  d i n o f l a g e l l a t e s  and  p r o b l e m a t i c a l  m a r i n e  f o s 

s i l s  a r e  p r e s e n t  i n  g r e a t e r  ab u n d a n c e  i n  t h e  u p p e r  R u s ty  sam

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

beds  o f  t h e  R u s t y  may h a v e  been  d e p o s i t e d  u n d e r  s l i g h t l y  

d e e p e r  w a t e r s  and  more m a r i n e  c o n d i t i o n s  t h a n  t h e  l o w e r  p a r t  

o f  t h e  fo rm a t io n . .

In  T e to n  C o u n ty ,  t h e  R u s ty  beds  c o n t a i n  o n l y  one  

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

p r e s e n t  i n  f a i r  a b u n d a n c e .  P l a n t  s p o r e s  and  p o l l e n  a r e  p r e s 

e n t  i n  s l i g h t l y  g r e a t e r  numbers  t h a n  i n  Hot S p r i n g s  County  

and t h e  a s s e m b l a g e  i s  more v a r i e d .  The R u s ty  beds  a p p e a r  t o  

h a v e  b ee n  l a i d  down n e a r e r  t o  t h e  s h o r e  a t  t h e  T e t o n  County  

l o c a l i t y  t h a n  i n  t h e  H ot  S p r i n g s  County l o c a l i t y .
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P r e s e r v a t i o n  a t  b o t h  l o c a l i t i e s  i s  p o o r ,  p o s s i b l y  due t o  t h e  

b o t to m  s e d i m e n t s  b e i n g  a e r a t e d  and  p e r h a p s  r e - w o r k e d  t o  a  

c e r t a i n  e x t e n t  by m a r i n e  o r g a n i s m s .

T h e r m o p o l i s  S h a l e

The d i s t r i b u t i o n  o f  m a r in e  and  c o n t i n e n t a l  f o s s i l s  i n  

t h e  T h e r m o p o l i s  S h a l e ,  b o t h  i n  T e to n  and  B ig  H orn  C o u n t i e s ,  

i s  s i m i l a r  t o  t h e  p a t t e r n  shown by t h e  S k u l l  C reek  S h a l e .

The o c c u r r e n c e  o f  m a r i n e  fo rm s  i s  p r e d o m i n a n t l y  i n  t h e  u p p e r  

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

A w e l l - d e v e l o p e d  m a r i n e  a s s e m b l a g e  i s  p r e s e n t  i n  B ig  

Horn  County o n l y  i n  s a m p l e s  OPC 837E t h r o u g h  OPC 837H. The 

lo w e r  p a r t  o f  t h e  s e c t i o n  ( s a m p le s  OPC 836A t h r o u g h  OPC 837D) 

i s  c h a r a c t e r i z e d  by an  a b u n d a n c e  o f  M i c r h y s t r i d i u m  b u t  o t h e r  

m a r i n e  f o s s i l s  a r e  r a r e .  In  T e to n  County  m a r i n e  f o s s i l s  a r e  

common o n l y  i n  s a m p le s  OPC 840B t h r o u g h  OPC 840E. D e p o s i t i o n  

o f  t h e  lo w e r  p a r t  o f  t h e  T h e r m o p o l i s  S h a l e  may h a v e  b e e n  i n  

a  n e a r e r  s h o r e ,  s h a l l o w e r  w a t e r  e n v i r o n m e n t  t h a n  t h e  u p p e r  

p a r t  i n  b o t h  T e to n  and  B ig  Horn C o u n t i e s .  The lo w e r  T h e r 

m o p o l i s  i n  T e to n  County  ( s a m p le s  OPC 644A t h r o u g h  OPC 644C) 

may e v e n  h a v e  b ee n  d e p o s i t e d  i n  b r a c k i s h  w a t e r s .

The s p o r e  and  p o l l e n  c o n t e n t  o f  T h e r m o p o l i s  s a m p le s  

i s  c o n s i d e r a b l y  g r e a t e r  i n  T e to n  Coun ty  t h a n  i n  B ig  H orn
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C o u n ty .  T h i s  s u g g e s t s  t h a t  t h e  e n t i r e  T h e r m o p o l i s  s e c t i o n  

i n  T e to n  County  may h a v e  b e en  d e p o s i t e d  i n  a  more n e a r - s h o r e  

e n v i r o n m e n t  t h a n  t h e  Big  H orn  County  s e c t i o n .

Muddy S a n d s to n e

The Muddy S a n d s t o n e ,  a t  t h e  two s t u d i e d  l o c a l i t i e s ,  

was l a i d  down i n  a  m a r i n e  d e p o s i t i o n a l  e n v i r o n m e n t ,  p o s s i b l y  

a s  a  b a r  s a n d .  A m a r i n e  f a u n a  i s  p r e s e n t  i n  t h e  Muddy F orm a

t i o n  i n  b o t h  B ig  Horn and  T e to n  C o u n t i e s  b u t  t h e  m a r i n e  fo rm s  

a r e  more a b u n d a n t  and  t h e  a s s e m b l a g e  i s  more d i v e r s i f i e d  i n  

B ig  Horn  C o u n ty .  I n  T e to n  C o u n ty ,  t h e  s p o r e  and  p o l l e n  

a s s e m b l a g e  i s  a  l a r g e r  p a r t  o f  t h e  t o t a l  t h a n  i n  B ig  Horn 

C o u n ty .  P o s s i b l y  t h e  T e t o n  County  s e c t i o n  was d e p o s i t e d  

c l o s e r  t o  s h o r e  t h a n  t h e  B ig  Horn  Coun ty  s e c t i o n .



PALEONTOLOGICAL COMPARISON WITH OTHER AREAS

E v id e n c e  f rom i n v e r t e b r a t e  s t r a t i g r a p h i e  r a n g e s  i n d i 

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

p a p e r  b e l o n g s  t o  t h e  A l b i a n  s t a g e  o f  t h e  Lower C r e t a c e o u s  

(Cobban and R e e s i d e ,  1 9 5 2 ) .  T h i s  age  a s s i g n m e n t  i s  s u p p o r t e d  

by S k o l n i c k ' s  F o r a m i n i f e r a  s t u d y  o f  t h e  S k u l l  Creek  and New

c a s t l e  F o r m a t i o n s  i n  t h e  B la c k  H i l l s .  S k o l n i c k  c o n c l u d e d  

t h a t  t h e  lo w e r  Mowry S h a l e ,  t h e  N e w c a s t l e  F o r m a t i o n  and  t h e  

S k u l l  Creek  S h a l e  a r e  e a r l y  and  m id d le  A l b i a n  i n  a g e .

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

com pares  w e l l  w i t h  Lower C r e t a c e o u s  a s s e m b l a g e s  r e p o r t e d  from 

o t h e r  a r e a s .  The s p o r e  and  p o l l e n  a s s e m b l a g e s  s u p p o r t  an 

A l b i a n  age  f o r  t h e  s e d i m e n t s .  The p a l y n o l o g y  o f  o t h e r  a r e a s  

i n  w h ic h  d e t a i l e d  p a l y n o l o g i c a l  s t u d i e s  h a v e  b ee n  made a r e  

r e v i e w e d  be low .

U . S .S .R .

R u s s i a n  p a l y n o l e g i s t s  h a v e  p u b l i s h e d  e x t e n s i v e l y  on

s p o r e  and  p o l l e n  a s s e m b l a g e s  r e c o v e r e d  from Lower C r e t a c e o u s
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r o c k s  i n  t h e  U . S .S .R .  U n f o r t u n a t e l y ,  t h e  R u s s i a n s  u s e  an 

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

f o s s i l s  f rom t h a t  u s e d  i n  t h i s  c o u n t r y  and m ost  o f  t h e i r  

s t u d i e s  a r e  n o t  a v a i l a b l e  i n  t r a n s l a t i o n .  N e v e r t h e l e s s ,  i t  

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

a s s e m b l a g e  w i t h  some o f  t h e  R u s s i a n  w ork .

Z a k l i n s k a y a  (1 9 6 0 ,  i n  t r a n s l a t i o n )  h a s  sum m ar ized  

t h e  s p o r e  and  p o l l e n  a s s e m b l a g e s  r e c o v e r e d  f rom t h e  C r e t a 

ceo u s  s e d i m e n t s  i n  t h e  A s i a t i c  p a r t  o f  t h e  U . S .S .R .  The Wyo

ming a s s e m b l a g e  seems t o  compare  r a t h e r  c l o s e l y  w i t h  t h e  

A lb i a n  s t a g e  a s  d e s c r i b e d  by Z a k l i n s k a y a .  I n  b o t h  a r e a s ,  

t h e  G l e i c h e n i a c e a e  and  S c h i z a e a c e a e  a r e  common e l e m e n t s  o f  

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

A ng iosperm  p o l l e n  i s  r a r e  and t r i c o l p a t e  fo rm s  p r e d o m i n a t e .

E n g lan d

The Wyoming a s s e m b l a g e  h a s  a g e n e r a l  s i m i l a r i t y  t o  

t h e  s p o r e  and p o l l e n  a s s o c i a t i o n  d e s c r i b e d  by Couper  (1958) 

f rom  t h e  P u r b e c k i a n  and  W e a l d i a n  beds  o f  E n g la n d .  Couper  

r e p o r t e d  no a n g i o s p e r m  p o l l e n  w i t h  t h e  p o s s i b l e  e x c e p t i o n  o f  

C l a v a t i p o l l e n i t e s  and  S p h e r i p o l l e n i t e s . I t  i s  p o s s i b l e  t h a t  

t h e  Wyoming s e d i m e n t s  a r e  y o u n g e r  t h a n  t h e  E n g l i s h  W e a l d i a n ,  

e v en  th o u g h  t h e  s p o r e  f l o r a s  a r e  r e m a r k a b l y  s i m i l a r .
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New Z e a la n d

Couper  (1953)  h a s  d e s c r i b e d  s p o r e  and  p o l l e n  a s s e m 

b l a g e s  r e c o v e r e d  f rom New Z e a l a n d  f r e s h - w a t e r  s e d i m e n t s  r a n g 

i n g  i n  age  f rom  J u r a s s i c  t o  P l e i s t o c e n e .  The Wyoming a s s e m 

b l a g e  com pares  n e a r e s t  t o  t h e  s p o r e - p o l l e n  a s s e m b l a g e  w h ic h  

Couper  r e c o v e r e d  f rom  t h e  P a p a r o a  b e d s  (liOwer C r e t a c e o u s )  o f  

New Z e a l a n d .

Canada

Pocock  (1962)  d e s c r i b e d  t h e  p a l y n o l o g i c a l  c o n t e n t  o f  

t h e  Upper  J u r a s s i c - L o w e r  C r e t a c e o u s  s t r a t a  i n  w e s t e r n  Canada .  

T w e n t y - n i n e  o f  t h e  s p e c i e s  r e c o g n i z e d  by Pocock a l s o  o c c u r  

i n  t h e  r o c k  s e c t i o n s  s t u d i e d  f rom  Wyoming. N ine  o f  t h e s e  

s p e c i e s  o c c u r  t h r o u g h o u t  P o c o c k ' s  s e c t i o n ,  15 s p e c i e s  a r e  

r e s t r i c t e d  t o  t h e  M a n n v i l l e  F o r m a t i o n  o f  C a n a d a ,  t h r e e  s p e c i e s  

a r e  r e s t r i c t e d  t o  s t r a t a  b e lo w  t h e  M a n n v i l l e  and  two s p e c i e s  

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

Of a l l  t h e  f o r m a t i o n s  i n c l u d e d  i n  P o c o c k ' s  p a p e r ,  t h e  Wyoming 

s e c t i o n  o b v i o u s l y  c o r r e l a t e s  b e s t  w i t h  t h e  M a n n v i l l e  Fo rm a

t i o n .  The M a n n v i l l e  F o r m a t i o n  i s  t h e  h i g h e s t  s t r a t i g r a p h i e  

u n i t  w i t h  w h ic h  P o c o c k ' s  s t u d y  was c o n c e r n e d  and  h e  h a s  a s 

s i g n e d  a N e o c o m ia n - A p t i a n  a g e  t o  i t .  P o c o c k ' s  s t u d y  i s  q u i t e  

d e t a i l e d  and  i t  i s  p o s s i b l e  t h a t  e v e n  b e t t e r  c o r r e l a t i o n
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w ould  h a v e  b een  o b t a i n e d  h a d  h e  w ork ed  w i t h  r o c k s  s t r a t i -  

g r a p h i c a l l y  h i g h e r  t h a n  t h e  M a n n v i l l e  F o r m a t i o n .
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6 3 6 - 1 - 2 .  Page 53.

11. P i l o s i s p o r i t e s  e r i c i u s  D e l c o u r t  and  S p rum on t ,  1955
5 8 .3  X 5 3 . 3  X 5 3 .3  m i c r o n s ;  S l i d e  No. OPC 
6 3 4 Q -5 -4 .  Page  55.

12.  P i l o s i s p o r i t e s  t r i c h o p a p i l l o s u s  ( T h i e r g a r t ,  1949)
D e l c o u r t  and  S p ru m o n t ,  1955 .
5 8 . 3  X 5 6 . 5  X 5 9 . 0  m i c r o n s ;  S l i d e  No. OPC 
6 4 3 A -4 -2 ,  Page 54.
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PLATE III
F i g u r e

1. L y c o p o d i a c i d i t e s  s p .  A
3 3 . 0  X 3 8 . 1  m i c r o n s ;  S l i d e  No. OPC 6 2 5 A - I - 3 .
Page 56.

2 - 4 .  L y c o p o d i a c i d i t e s  s p .  B
(2) 4 3 . 2  X 4 3 . 7  x 5 0 . 8  m ic ro n s  ( p r o x i m a l  v i e w ) ;  

S l i d e  No. OPC 6 3 5 A -1 0 -2 .
(3) Same s p e c i m e n ,  d i s t a l  v iew .
(4) 2 7 . 9  X 2 7 . 4  x 2 6 . 5  m ic ro n s  ( h o l o t y p e ) ;

S l i d e  No. OPC 6 4 4 A -5 -1 .  Page 57.

5 - 6 .  C a r a a r o z o n o s p o r i t e s  r u d i s  ( L e s c h i c k ,  1955) K l a u s ,  
1960
(5) 4 0 . 6  X 4 0 . 6  X 4 0 . 6  m i c r o n s ;  S l i d e  No. OPC 

8 3 8 B -9 -2 .
(6) 4 5 . 7  X 4 5 . 7  x 4 5 . 7  m i c r o n s ;  S l i d e  No. OPC 

6 3 5 A -7 -4 .  Page 58.

7. F o v e o t r i l e t e s  s p .  “
4 5 . 7  X 4 6 . 5  X 4 8 . 3  m i c r o n s ;  S l i d e  No. OPC 
6 3 6 - 4 - 2 .  Page 59 .

8. L y c o p o d i u m s p o r i t e s  c f .  L. c l a v a t s i d e s  C o u p e r ,  1958
3 8 .1  X 3 8 . 1  X 4 0 . 6  m i c r o n s ;  S l i d e  No. OPC 
6 3 5 A -1 0 -8 .  Page 60.

9. C i c a t r i c o s i s p o r i t e s  s p .  C
3 0 .5  X 3 3 . 0  X 3 5 . 6  m i c r o n s ;  S l i d e  No. OPC 

6 3 4 1 - 4 - 1 .  Page  64.

1 0 -1 1 .  C i c a t r i c o s i s p o r i t e s  s p .  A
(10) 2 5 . 4  X 2 5 . 4  x . 2 5 . 4  m ic ro n s  ( h o l o t y p e ) ;

S l i d e  No. OPC 6 3 6 - 5 - 1 .
(11)  2 0 . 3  X  2 0 . 3  X  2 2 . 0  m i c r o n s ;  S l i d e  No.

OPC 6 4 3 A -1 0 -2 .  Page 62.
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Figure

12. C i c a t r i c o s i s p o r i t e s  s p .  B
5 0 . 8  X 5 3 . 3  X 5 8 . 3  m i c r o n s  ( h o l o t y p e ) ;
S l i d e  No '^PC 6 4 3 A -3 -4 .  Page 63.

13. C i c a t r i c o s i s p o r i t e s  d o r o g e n s i s  P o to n ie"  and
G e l l e t i c h ,  1933
3 4 . 0  X 3 3 . 0  X  3 4 . 0  m i c r o n s ;  S l i d e  No. OPC 
6 3 5 A -1 -1 .  Page 61.

14. C i c a t r i c o s i s p o r i t e s  c f .  C, b r e v i l a e s u r a t u s  C o u p e r ,
1958
5 0 . 8  X 5 0 . 8  X  5 3 . 3  m i c r o n s ;  S l i d e  No. OPC 635A- 
1 - 2 3 .  Page 65,
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PLATE IV

F i g u r e

1. T a u r o c u s p o r i t e s  r e d u n c u s  ( B o l k h o v i t i n a , 1953)
S t o v e r ,  1962
4 3 . 2  X 4 3 . 2  X 3 8 . 1  m i c r o n s ;  S l i d e  No. OPC
6 3 4 0 - 1 - 1 .  Page 66.

2 .  K l u k i s p o r i t e s  v a r i e g a t u s  C o u p e r ,  1958
5 3 . 3  X 5 9 . 0  X 6 1 .0  m i c r o n s ;  S l i d e  No. OPC 
643A -4-2 .  Page 67.

3.  T a u r o c u s p o r i t e s  s e g m e n t a t u s  S t o v e r ,  1962
4 8 . 3  X 5 0 . 8  X 5 0 . 8  m i c r o n s ;  S l i d e  No, OPC 
6 3 4 Q -1 -4 .  Page 65.

4 .  T r i l o b o s p o r i t e s  t r i o r e t i c u l o s u s  Cookson and
D e t tm a n n ,  1957
5 3 . 3  X 5 3 . 3  X 5 5 .9  m i c r o n s ;  S l i d e  No. OPC 
6 3 7 J - 2 - 4 .  Page 70.

5.  T r i l o b o s p o r i t e s  c f .  T. a p i v e r r u c a t u s  C o u p e r ,  1958
6 0 . 9  X 6 0 . 9  X  6 1 . 0  m i c r o n s ;  S l i d e  No. OPC
6 3 4 1 - 7 - 2 .  Page 68.

6. K l u k i s p o r i t e s  p s e u d o r e t i c u l a t u s  C o u p e r ,  1958
3 5 .6  X 3 5 . 0  X 3 8 , 0  m i c r o n s ;  S l i d e  No. OPC 
8 4 0 A -2 -1 .  Page 67.

7. T r i l o b o s p o r i t e s  s p .  A
7 2 . 0  X 6 9 . 5  X 6 8 . 6  m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No. 
OPC 6 3 7 J - 3 - 1 .  Page 70.

8. C i n g u l a t i s p o r i t e s  l e v i s p e c i o s u s  P f l u g ,  1953
2 0 . 3  X 2 0 . 3  X 2 3 . 5  m i c r o n s ;  S l i d e  No. OPC 
8 4 0 D -3 -4 .  Page 75.
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Figure
9.  A p p e n d i c i s p o r i t e s  c f .  A. t r i c e p s  Weyland and  

K r i e g e r ,  1953
4 0 . 6  X 4 3 . 2  X 4 5 . 0  m i c r o n s ;  S l i d e  No. OPC 
6 4 3 B -9 -7 .  Page 73.

10. A p p e n d i c i s p o r i t e s  t r i c o r n i t a t u s  Weyland and
K r i e g e r ,  1953
4 0 . 6  X  4 0 . 6  X 4 3 . 2  m i c r o n s ;  S l i d e  No. OPC 
6 3 5 B -5 -1 .  Page 72.

11. A p p e n d i c i s p o r i t e s  s p .
3 8 . 1  X  4 5 . 7  X 4 5 . 7  m i c r o n s ;  S l i d e  No. OPC 
8 40D -3-6 .  Page 74.
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F i g u r e

PLATE V

1. C i n g u l a t i s p o r i t e s  c f .  C. p s e u d o a l v e o l a t u s
C o u p e r ,  1958
5 0 . 8  X 5 0 . 8  X 4 5 . 7  m i c r o n s ;  S l i d e  No. OPC
6 3 4 0 - 1 - 2 .  Page  75.

2 .  C i n g u l a t i s p o r i t e s  p r o b l e m a t i c u s  C o u p e r ,  1958
3 0 . 5  X 3 3 . 0  X 3 3 .0  m i c r o n s ;  S l i d e  No. OPC 
8 4 0 C -1 -3 .  Page  76.

3 .  C i n g u l a t i s p o r i t e s  s p .  A
3 3 . 0  X 3 3 . 0  X 3 3 .0  m i c r o n s ;  S l i d e  No. OPC 
6 3 4 P - 1 - 4 .  Page  77.

4 .  C i n g u l a t i s p o r i t e s  s p .  B
4 5 . 7  X 4 6 . 0  X 4 8 . 3  m i c r o n s ;  S l i d e  No. OPC
6 3 4 1 - 1 3 - 5 .  Page  78.

5 .  S pore  t y p e  B
9 4 . 0  X 8 3 . 8  X 9 2 . 0  m i c r o n s ;  S l i d e  No. OPC 
6 4 3 B - 3 - 1 ,  Page 79.

6 .  L a e v i g a t o s p o r i t e s  s p .  A
3 9 . 5  X 3 0 . 5  m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No. OPC 
6 3 5 A -5 -5 .  Page  80.

7. M a r a t t i s p o r i t e s  s c a b r a t u s  C o u p e r ,  1958
1 7 . 8  X 1 2 .7  m i c r o n s ;  S l i d e  No. OPC 6 3 4 1 - 2 - 6 .  
Page  82.

8. S c h i z o s p o r i s  r e t i c u l a t u s  Cookson and  D e t tm a n n ,
1959
1 5 2 .4  m i c r o n s ;  S l i d e  No. OPC 6 3 4 H -7 -1 .
Page  83.
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Figure
9 .  S c h i z o s p o r i s  p a r v u s  Cookson and  D e t tm a n n ,  1959

6 0 . 9  X 3 3 .0  m i c r o n s ;  S l i d e  No. OPC 
8 3 7 D -1 7 -6 .  Page 83 .

1 0 - 1 1 .  S c h i z o s p o r i s  s p r i g g i  Cookson and  D e t tm a n n ,
1959
(10)  9 4 . 0  X 4 8 . 3  m i c r o n s ;  S l i d e  No. OPC 

634M-7-1 .
(11)  8 8 . 9  X 6 6 . 0  m i c r o n s :  S l i d e  No. OPC 

634M -7-2 .  Page 84.

12. S c h i z o s p o r i s  s p .  A
6 0 . 9  m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No. OPC 
6 3 4 B F -1 -3 .  Page 85.

13. S c h i z o s p o r i s  c f .  S. r u g u l a t u s  Cookson and
D e t tm a n n ,  1959
5 5 . 9  X 1 2 7 .0  m i c r o n s ;  S l i d e  No. OPC 
634M -9-1 .  Page 84.

14.  S c h i z o s p o r i s  s p .  A
5 0 . 8  X 6 8 . 6  m i c r o n s ;  S l i d e  No. OPC 
6 3 4 B F -3 -1 .  Page 85.
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PLATE VI

F i g u r e

1 - 2 .  S c h i z o c y s t a  s p .  A
(1)  5 0 . 8  X 4 5 . 7  m i c r o n s  ( h o l o t y p e ) ; S l i d e  No.

OPC 6 3 4 B F -2 -2 .
(2)  4 8 . 3  X 3 0 .5  m i c r o n s ;  S l i d e  No. OPC 

63 4 B F -1 -6 .  Page 86.

3.  S p o re  t y p e  X
4 5 . 7  X 4 8 . 3  X 4 9 . 5  m i c r o n s ;  S l i d e  No. OPC 
6 3 4 Q -3 -1 .  Page 87.

4 .  C l a s s o p o l l i s  c l a s s o i d e s  P f l u g ,  1953 emend Pocock
a nd  J a n s o n i u s , 1961
3 1 . 5  X  3 0 . 5  m i c r o n s ;  S l i d e  No. OPC 6 3 4 N -1 4 -4 .
Page  88.

5 - 6 .  C l a s s o p o l l i s  s p .  A
(5)  2 7 . 9  X  3 0 . 5  m i c r o n s ;  S l i d e  No. OPC 6 3 5 A -1 -2 6 .
( 6 )  2 5 . 0  X  3 0 .5  m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No.

OPC 6 3 5 A -1 -2 5 .  Page 89.

7. M o n o s a c c a te  p o l l e n  t y p e  A
5 0 . 8  X 5 5 . 9  m i c r o n s ;  S l i d e  No. OPC 6 3 4 0 - 2 - 2 .
Page 91.

8. M o n o s a c c a t e  p o l l e n  t y p e  B
7 8 . 0  X 5 3 . 0  m i c r o n s ;  S l i d e  No. OPC 
6 3 5 B -1 -1 0 .  Page 91 .

9 .  P i n u s p o l l e n i t e s  ? s p .
t u b e  c e l l  3 3 .0  x  3 1 . 0  m i c r o n s ,  o v e r a l l  d i m e n s i o n s
4 8 . 3  X 3 5 . 6  m i c r o n s ;  S l i d e  No. OPC 6 4 3 A -2 -1 2 .
Page  94.
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Figure
10.  P i c e a e p o l i e n t t e s  s p .  A

4 5 . 7  X 6 8 . 6  m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No. OPC 
6 3 5 A - 7 -9 .  P age  96 .

11. V i t r e i s p o r i t e s  p a l l i d u s  ( R e i s s i n g e r ,  1938) N i l s s o n ,
1958
3 3 . 0  X 1 7 . 8  m i c r o n s ;  S l i d e  No. OPC 6 3 5 A -1 -1 2 .
P age  9 2 .

12. P i c e a e p o l i e n t t e s  s p .  A
5 3 . 3  X  3 0 . 5  m i c r o n s ;  S l i d e  No. OPC 6 3 5 A -7 -8 .
P age  96 .
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PLATE VII

F i g u r e

1 - 2 .  Piceaepo 1 l e n i t e s  s p .  B
(1)  1 1 9 .4  X 8 1 . 3  m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No.

OPC 6 3 5 A -3 -2 .
(2)  1 1 0 .0  X 7 1 .0  m i c r o n s ;  S l i d e  No. OPC 

63 5 A -3 -1 7 .  Page 97.

3. P l a t y s a c c u s  s p .  A
t u b e  c e l l  2 8 . 0  x  4 0 . 6  m i c r o n s ,  o v e r a l l  d i m e n s i o n s
7 6 .2  x  3 8 . 1  m i c r o n s ;  S l i d e  No. OPC 63 5 A -7 -1 0 .
Page 98 .

4 - 5 .  P o d o c a r p i d i t e s  c f .  P. b i f o r m i s  R o u se ,  1957
(4) o v e r a l l  l e n g t h  6 9 . 5  m i c r o n s ,  t u b e  c e l l  4 0 . 6  

m i c r o n s ;  S l i d e  No. OPC 63 5 A -1 4 -2 .
(5) o v e r a l l  l e n g t h  7 6 .2  m i c r o n s ,  t u b e  c e l l  3 8 .0  

m i c r o n s ;  S l i d e  No. OPC 6 3 6 - 3 - 4 .  Page 100.

6. P a r v i s a c c i t e s  s p .  A
t u b e  c e l l  5 0 . 8  x 4 8 . 3  m i c r o n s ;  S l i d e  No. OPC 
6 3 4 R -1 -1 .  Page 103.

7. R u g u b i v e s i c u l i t e s  s p .  A
o v e r a l l  l e n g t h  6 6 .0  m i c r o n s ,  t u b e  c e l l  4 0 . 6  x
4 3 . 2  m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No. OPC 
8 3 9 B -4 -2 .  Page 102.

8. P a r v i s a c c i t e s  s p .  B
o v e r a l l  d i m e n s i o n s  2 7 . 9  x  3 5 . 6  m i c r o n s ;  S l i d e  No. 
OPC 6 3 3 D -2 -1 .  Page 104.
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F i g u r e

PLATE VIII

1 - 2 .  I n a p e r t u r o p o l i e n t t e s  s p .  A
(1) 5 0 . 8  X 4 3 . 2  m i c r o n s ;  S l i d e  No. OPC 6 3 6 * 4 -5
(2)  3 4 . 0  X 3 5 . 6  m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No. 

OPC 6 3 5 A - 3 -6 .  Page 106.

3 .  I n a p e r t u r o p o l l e n i t e s  c f .  I.  magnus ( P o t o n i e ,
1931) Thomson and  P f l u g ,  1953
6 3 . 5  X  6 8 . 0  m i c r o n s ;  S l i d e  No. OPC 6 3 5 A -1 -1 9 .  
Page 107.

4 .  I n a p e r t u r o p o l l e n i t e s  s p .  B
1 8 .5  X  1 8 .5  m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No. OPC 
8 3 7 D -1 2 -2 .  Page 109.

5 .  I n a p e r t u r o p o l l e n i t e s  s p .  A
3 0 . 5  X 2 5 . 4  m i c r o n s :  S l i d e  No. OPC 8 4 7 D -4 -8 .  
Page 106.

6.  I n a p e r t u r o p o l l e n i t e s  s p .  B
1 5 .2  X  1 5 .2  m i c r o n s ;  S l i d e  No. OPC 8 3 7 D -1 2 -4 .  
Page 109.

7. I n a p e r t u r o p o l l e n i t e s  c f .  p a t e l l a e f o r m i s
Weyland and  G r e f f e I d
3 9 . 0  X  3 6 . 0  m i c r o n s ;  S l i d e  No. OPC 6 3 5 A -7 -5 .  
Page 108.

8.  I n a p e r t u r o p o l l e n i t e s  s p  C
6 0 . 9  X 4 1 . 0  m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No. OPC 
6 3 5 B - 4 - 1 .  Page  110.

9.  I n a p e r t u r o p o l l e n i t e s  s p .  A
2 7 .9  X  3 5 . 6  m i c r o n s ;  S l i d e  No. OPC 6 4 3A -8-1  
Page 106.
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F i g u r e

10.  I n a p e r t u r o p o l l e n i t e s  s p .  D
5 0 . 8  X 5 0 . 8  m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No. OPC 
6 3 5 A -1 -2 .  Page 111.

11. I n a p e r t u r o p o l l e n i t e s  s p .  E
7 1 . 1  X 7 3 .7  m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No. OPC 
634M -5-1 .  Page 112.

1 2 - 1 3 .  E u c o m m i i d i t e s  m i n o r  G r o o t  and  Penny ,  1960
(12)  3 3 .0  X 2 2 . 8  m i c r o n s ;  S l i d e  No. OPC 

634K -6-2 .
(1 3 )  2 7 . 9  X 2 6 . 5  m i c r o n s ;  S l i d e  No. OPC 

8 3 8 B -9 -1 .  Page 113.

14.  E p h e d r i p i t e s  s p .
4 2 . 2  X  8 9 .0  m i c r o n s ;  S l i d e  No. OPC 634 Q -1 -7 .  
Page  114.
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PLATE IX
F i g u r e

1. C l a v a t i p o l l e n i t e s  c f .  C. h u g h e s i l  C o u p e r ,  1958 
2 7 . 9  X 2 2 . 8  m i c r o n s ;  S l i d e  No. OPC 6 3 4 1 - 3 - 5 .
Page  115.

2 - 3 .  C l a v a t i p o l l e n i t e s  s p .  A
(2)  2 9 . 0  X 1 7 .0  m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No.

OPC 6 3 7 J - 2 - 3 .
(3 )  2 0 . 3  X  15 .2  m i c r o n s ;  S l i d e  No. OPC 6 3 7 J - 1 - 7 .  

Page 116.

4 .  C l a v a t i p o l l e n i t e s  s p .  B
3 0 . 5  X 2 3 . 5  m i c r o n s ;  S l i d e  No. OPC 6 3 5 A -5 -9 .
Page  117.

5 .  P a l m a e p o l l e n i t e s  s p .  A
4 3 . 2  X  4 0 . 6  m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No. OPC 
6 3 7 C - 2 - 4 .  Page  118.

6 - 8 .  T r i c o l p i t e s  c f .  T. r e t i c u l a t u s  Cookson ,  1947
(6)  2 5 . 4  X 2 5 . 4  x 2 7 . 9  m i c r o n s ;  S l i d e  No. OPC 

6 3 6 - 4 - 4 .
(7 )  2 3 . 5  X 1 6 .5  m i c r o n s ;  S l i d e  No. OPC 8 3 7 E - 4 - 2 .
(8)  1 7 . 8  X 2 0 . 3  m i c r o n s ;  S l i d e  No. OPC 8 4 7 D -8 -5 .

Page  119.

9 - 1 0 .  T r i c o l p i t e s  s p .  A
(9 )  2 2 . 8  X 2 2 . 8  x  2 2 . 8  m i c r o n s  ( h o l o t y p e ) ;

S l i d e  No. OPC 6 4 4 C - 3 - 4 .
(10)  2 5 . 4  X  2 5 . 4  x 2 7 . 0  m i c r o n s ;  S l i d e  No. OPC 

6 3 4 R - 6 - 9 .  Page 120.

11 -1 2 .  T r i c o l p i t e s  s p .  B
(11)  1 7 . 8  X 2 1 . 5  m i c r o n s ;  S l i d e  No. OPC 6 4 4 C -4 -5 .
(12 )  1 7 . 8  X 1 7 .8  X 1 6 .5  m i c r o n s  ( h o l o t y p e ) ;  S l i d e

No. OPC 6 3 7 J - 8 - 1 .  Page 121.
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F i g u r e

13.  T r i c o l p i t e s  s p .  C
3 8 . 1  X 4 3 . 2  X 4 3 . 2  m i c r o n s ;  S l i d e  No. OPC 
6 3 4 1 - 5 - 9 .  Page 122.

1 4 - 1 6 .  Genus A, s p .  A
(14)  2 5 . 4  m i c r o n s ;  S l i d e  No. OPC 6 4 3 B -1 -1 8 .
(15)  2 5 . 4  m i c r o n s ;  S l i d e  No. OPC 6 4 3 B -1 -1 9 .
(16)  2 5 . 4  m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No. OPC 

643B-1-2&. Page 123.
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PLATE X

Figure
1. D e f la ' t id re a  c f .  D. m in o r  Cookson and  E i s e n a c k ,  1960

5 0 . 8  X 4 5 . 7  m i c r o n s ;  S l i d e  No. OPC 8 3 7 H -4 -3 .
Page 125.

2 .  D e f l a n d r e a  s p .  A
7 3 . 7  X 5 3 . 3  m ic ro n s  ( h o l o t y p e ) ;  S l i d e  No. OPC 
8 4 7 D -8 -6 .  Page 126.

3. De f l a n d r e a  c f .  D. m in o r  Cookson and  E i s e n a c k ,  1960
3 8 . 1  X 4 3 . 2  m i c r o n s ;  S l i d e  No. OPC 6 3 5 C -2 -1 .
Page 125.

4 - 5 .  D e f l a n d r e a  s p . B
(4)  4 3 . 2  X 8 9 .0  m ic ro n s  ( h o l o t y p e ) ;  S l i d e  No.

OPC 8 3 8 B -8 -5 .
(5)  4 0 . 6  X 8 4 .5  m i c r o n s ;  S l i d e  No. OPC 

8 3 8 B - 8 - 9 .  Page 127.

6.  G o n y a u la x  s p .  B
76 .2  X 1 0 1 ,6  m i c r o n s ;  S l i d e  No. OPC 8 3 7 G -4 -3 .
Page 129.

7. D e f l a n d r e a  s p .  B
4 0 . 6  X 9 4 . 0  m i c r o n s ;  S l i d e  No. OPC 8 3 8 B -8 -1 0 .
Page 127.

8. G o n y au la x  s p .  A
7 8 .7  X 8 9 . 9  m i c r o n s ;  S l i d e  No. OPC 6 3 6 - 3 - 1 0 .
Page 128.

9 - 1 2 .  P s e u d o c e r a t i u m  s p ,  A
(9) 7 6 .2  X 106 .7  m ic ro n s  ( h o l o t y p e ) ;  S l i d e  No.

OPC 644 C -1 1 -5 .
(10)  6 3 . 5  X 7 6 .2  m i c r o n s ;  S l i d e  No. OPC 6 4 4 C -1 1 -6 .
(11)  5 5 . 9  X  9 6 .5  m i c r o n s ;  S l i d e  No. OPC 6 4 4 C -1 1 -2 .
(12) 7 3 . 7  X 9 7 .5  m i c r o n s ;  S l i d e  No. OPC 6 4 4 C -1 2 -1 .

Page 130.
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PLATE XI

F i g u r e

1. Pa l a e o p e r i d i n i u m  c f .  P. c a u l l e r y i  D e f l a n d r e ,  1936
4 3 . 2  X 6 5 . 0  m i c r o n s ;  S l i d e  No. OPC 8 3 8 B -1 6 -1 .
Page 133.

2 .  H y s t r i c h o s p h a e r i d i u m  c f .  H. choanophorum  D e f l a n d r e
and  C ookson ,  1955
Body 2 3 . 0  m i c r o n s ;  p r o j e c t i o n s  9 . 0 - 1 2 . 0  m i c r o n s ;  
S l i d e  No. OPC 8 3 7 G - 5 -1 .  Page 136 .

3 .  H y s t r i c h o s p h a e r i d i u m  c f .  H. t u b i f e r u m  ( E h r e n b e r g ,
1838) D e f l a n d r e ,  1937
Body 4 5 . 7  m i c r o n s ;  p r o j e c t i o n s  2 0 . 3 - 2 7 . 9  m i c r o n s ;  
S l i d e  No. OPC 8 6 7 C - 9 - 1 .  Page 135 .

4 - 5 .  O d o n t o c h i t i n a  o p e r c u l a t a  (0 .  W e t z e l )  D e f l a n d r e ,  1958
(4)  5 3 . 3  X 1 4 2 .2  m i c r o n s ;  S l i d e  No. OPC 8 4 7 C -2 -3 .
(5) 1 5 .2  X 2 0 0 . 7  m i c r o n s ;  S l i d e  No. OPC 6 3 6 - 4 - 3 .  

Page 132.

6.  P a l a e o p e r i d i n i u m  c f .  P. c a u l l e r y i  D e f l a n d r e ,  1936
4 7 . 5  X 4 8 . 3  m i c r o n s ;  S l i d e  No. OPC 8 3 8 B -1 3 -1 .
Page 133.

7. C h l a m y d o p h o r e l l a  c f .  C. m yei  Cookson  and E i s e n a c k ,
1958
4 5 . 7  X 4 8 . 3  m i c r o n s ;  S l i d e  No. OPC 837G-3-6 .
Page 155.

8. H y s t r i c h o s p h a e r i d i u m  s p .  A
Body 4 3 . 2  m i c r o n s ;  p r o j e c t i o n s  1 3 . 0 - 2 0 . 0  
m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No. OPC 8 47D -1-5 .
Page 137.

9 .  C r a s s o s p h a e r a  s p .
4 1 . 5  m i c r o n s ;  S l i d e  No,. OPC 6 3 5 C - 3 - 3 .  Page 160.
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F i g u r e

10.  H y s t r i c h o s p h a e r i d i u m  s p .  B
Body 3 8 . 1  x  4 8 . 3  m i c r o n s ;  p r o j e c t i o n s  1 5 . 0 - 2 0 . 0  
m i c r o n s ;  S l i d e  No. OPC 8 3 7 F - 5 -1 .  Page  139.

11. H y s t r i c h o s p h a e r i d i u m  c f .  H. e o i n o d e s  E i s e n a c k ,  1958
Body 5 3 . 3  m i c r o n s ;  p r o j e c t i o n s  2 0 . 3 - 2 3 . 0  m i c r o n s ;  
S l i d e  No. OPC 6 3 5 C -7 -1 .  Page 137.
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PLATE XII
F i g u r e

1 -2 .  H y s t r i c h o s p h a e r a  c f .  H. f u r c a t a  ( E h r e n b e r g ,  1838)
0 .  W e t z e l ,  1933.
(1)  Body 4 3 . 2  x  5 0 . 8  m i c r o n s ;  P r o j e c t i o n s  5 . 0 - 1 0 . 0  

m i c r o n s ;  S l i d e  No., OPC 8 4 7 D -2 -1 .
(2)  Body 3 5 .6  x 3 5 . 6  m i c r o n s ;  p r o j e c t i o n s  6 . 0 - 9 . 0  

m i c r o n s :  S l i d e  No. OPC 6 3 6 - 3 - 7 .  Page 140.

3.  H y s t r i c h o s p h a e r a  c f .  H. w e t z e l i  D e f l a n d r e ,  1937
Body 5 3 . 3  x  4 0 . 6  m i c r o n s ;  p r o j e c t i o n s  1 0 .0  m i c r o n s ;  
S l i d e  No. OPC 8 3 7 H -1 -3 .  Page 141.

4 .  B a l t i s p h a e r i d i u m  p a r v i s p i n u m  ( D e f l a n d r e ,  1937)
n .  comb.
Body 3 0 . 5  x  5 1 . 5  m i c r o n s ;  p r o j e c t i o n s  6 . 0 - 8 . 0  
m i c r o n s ;  S l i d e  No. OPC 8 3 7 G -3 -2 .  Page 142.

5. B a l t i s p h a e r i d i u m  s p .  C
Body 2 3 . 0  m i c r o n s ;  p r o j e c t i o n s  2 . 0 - 3 . 5  m i c r o n s
( h o l o t y p e )
S l i d e  No. OPC 8 4 0 D -3 -3 .  Page 147.

6. M i c r h y s t r i d i u m  c f .  M. f r a g i l e  D e f l a n d r e ,  1947
Body 1 6 .5  m i c r o n s ;  p r o j e c t i o n s  1 1 .0  m i c r o n s ;
S l i d e  No. OPC 8 3 7 H -1 -1 7 .  Page 149.

7 -8 .  V eryhach ium  s p .  A
(7)  2 9 . 5  X 3 3 . 0  m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No.

OPC 8 3 7 G -4 -2 .
(8)  3 3 .0  X 3 3 . 0  X 3 3 .0  m i c r o n s ;  S l i d e  No. OPC 

8 3 7 H -1 0 -1 .  Page 152.

9 - 1 0 .  V e ryhach ium  s p .  B
(9)  Body 2 0 . 0  x 2 1 . 0  m i c r o n s ;  p r o j e c t i o n s  1 5 .0  

m i c r o n s ;  S l i d e  No. OPC 8 4 0 C -2 -1 .
(10)  2 8 . 0  X 2 7 . 0  X 2 7 . 0  m i c r o n s  ( h o l o t y p e ) ;  S l i d e  

No. OPC 8 3 7 H -1 0 -1 1 .  Page 153.
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F i g u r e

11. V ery h ach iu m  s p .  C
Body 1 7 . 8  x  2 7 . 9  m i c r o n s ;  p r o j e c t i o n s  1 2 . 0 - 1 9 . 0  
m i c r o n s ;  S l i d e  No. OPC 8 3 7 F - 1 - 1 3 .  Page 154.

12. P t e r o s p e r m o p s i s  c f .  P. a u s t r a l i e n s i s  D e f l a n d r e  and
C o o k so n ,  1955
3 5 . 6  m i c r o n s ;  S l i d e  No. OPC 6 3 6 - 1 0 - 8 .  Page  156.

13.  P t e r o s p e r m o p s i s  s p .  A
2 0 . 3  X 2 5 . 4  m i c r o n s ;  S l i d e  No. OPC 8 4 0 D -8 -1 .
Page  157.

14. P t e r o s p e r m o p s i s  e u r y p t e r i s  Cookson and  E i s e n a c k ,
1958
1 1 1 . 8  m i c r o n s ;  S l i d e  No. OPC 8 3 8 B -4 -1 .  P age  156.
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PLATE XIII

F i g u r e

1. B a l t i s p h a e r i d i u m  e h r e n b e r g !  ( D e f l a n d r e ,  1947) v a r .
b r e v i s p inosum  S a r j e a n t ,  1961
Body 1 8 .0  m i c r o n s ;  p r o j e c t i o n s  4 . 0 - 7 . 0  m i c r o n s ;
S l i d e  No. OPC 8 4 1 B -3 -2 .  Page 145.

2 .  B a l t i s p h a e r i d i u m  m achaerophorum  ( D e f l a n d r e  and
C ookson ,  1955)  G e r l a c h ,  1961
Body 4 8 . 3  x 5 5 . 9  m i c r o n s ;  p r o j e c t i o n s  1 4 . 0 - 1 9 . 0  
m i c r o n s ;  S l i d e  No. OPC 8 4 0 C - 2 - 2 .  Page 143.

3.  M i c r h y s t r i d i u m  i n c o n s p ic u u m  ( D e f l a n d r e ,  1935) D e f l a n d r e ,
1937
Body 1 1 .1  m i c r o n s ;  p r o c e s s e s  1 . 0 - 3 . 0  m i c r o n s ;  S l i d e  
No. OPC 8 3 6 B -1 -1 .  Page 148.

4 .  B a l t i s p h a e r i d i u m  c f .  B. lumectum S a r j e a n t ,  1960
Body 3 3 . 0  m i c r o n s ;  p r o j e c t i o n s  5 . 0 - 6 . 0  m i c r o n s ;
S l i d e  No. OPC 8 47D -9-1 .  Page 164.

5. B a l t i s p h a e r i d i u m  s p .  B
Body 2 3 . 5  m i c r o n s ;  p r o j e c t i o n s  5 . 0 - 6 . 0  m ic ro n s  
( h o l o t y p e ) ;  S l i d e  No. OPC 8 3 7 G -4 -4 .  Page 146.

6. B a l t i s p h a e r i d i u m  s p .  A
Body 3 0 . 5  x 3 5 . 6  m i c r o n s ;  p r o j e c t i o n s  6 . 0 - 9 . 0  
m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No. OPC 8 3 7 H -2 -1 8 .
Page  145.

7. M i c r h y s t r i d ium d e n s i s p i n u m Val e n s i ,  1953
Body 8 . 8  m i c r o n s ;  p r o j e c t i o n s  1 . 0 - 1 . 5  m i c r o n s ;
S l i d e  No. OPC 8 3 6 B -1 -2 .  Page 150.

8.  M i c r h y s t r i d i u m  i n c o n s p ic u u m  ( D e f l a n d r e ,  1935)
D e f l a n d r e ,  1937
Body 9 . 9  m i c r o n s ;  p r o j e c t i o n s  3 . 0 - 4 . 0  m i c r o n s ;
S l i d e  No. OPC 8 3 8 B -2 -3 .  Page 148.
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F i g u r e

9 .  M ic r h y s  t r i d i u m  d e n s i s p i n u m  V a n e n s i ,  1953
Body 1 4 .0  m i c r o n s ;  p r o j e c t i o n s  1 .0  m i c r o n s ;  
S l i d e  No. OPC 6 3 5 C - 7 - 4 .  Page  150.

10 .  M ic r h y s  t r i d i u m  s p .  A
Body 7 . 7  x  8 . 8  m i c r o n s ;  p r o j e c t i o n s  1 . 5  m i c r o n s  
( h o l o t y p e ) ;  S l i d e  No. OPC 8 3 7 F - 9 - 1 .  Page  151.
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PLATE XIV
F i g u r e

1, D i p I o C e s t a g l a e s s n e r i  Cookson and E i s e n a c k ,  1960
3 2 . 0  X 8 1 . 3  m i c r o n s :  S l i d e  No. OPC 8 37G -6-1 .
Page  161.

2 - 3 .  Genus B s p .  A
(2) Body 1 5 .2  x  2 5 . 4  m i c r o n s ;  p r o j e c t i o n s  1 3 . 0 ,  

1 7 . 0 ,  1 1 .0  and  1 1 .0  m i c r o n s ;  S l i d e  No. OPC 
8 3 7 B -5 -1 .

(3)  Body 1 7 . 8  x  2 5 . 4  m i c r o n s ;  p r o j e c t i o n s  2 0 . 3 ,  
2 5 . 4 ,  2 0 . 3 ,  and  2 6 . 0  m i c r o n s ;  S l i d e  No. OPC 
8 3 7 D -3 -1 .  Page 162.

4 - 5 .  Genus C s p .  A
(4)  4 8 . 3  X  5 0 . 8  m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No.

OPC 6 3 5 A -6 -4 .
(5)  4 8 . 3  X 6 0 . 9  m i c r o n s ;  S l i d e  No. OPC 635A -7-16 ,  

Page 164.

6.  Genus B s p .  A
Body 1 5 .2  x  2 2 . 8  m i c r o n s ;  p r o j e c t i o n s  8 . 8 ,  8 . 8 ,
7 . 7 ,  and 1 1 .1  m i c r o n s  ( h o l o t y p e ) ;  S l i d e  No. OPC
8 3 7 C -4 -2 .  Page 162.

7. Genus C s p .  A
4 3 . 2  X 4 8 . 3  m i c r o n s ;  S l i d e  No. OPC 6 35A -1-13 .
Page 164.

8 - 9 .  Genus D s p .  A
(8)  6 8 . 6  X 6 8 . 6  x 7 1 .7  m i c r o n s ;  S l i d e  No. OPC 

6 4 3 B -1 0 -3 .
(9 )  6 3 .5  X 6 8 . 6  x  6 8 . 3  m ic ro n s  ( h o l o t y r e ) ; S l i d e  

No. OPC 6 4 3 B - 9 - 8 .  Page 165.
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Figure

10. D ioxya  ? s p .
5 0 . 8  X 6 3 .5  m i c r o n s ;  S l i d e  No. OPC 8 3 8 B - 6 - I .
Page 161.

11. C y m a t i o s p h a e r a  s p .  A
3 5 . 6  m i c r o n s  ( h o l o t y p e ) :  S l i d e  No. OPC 6 3 6 - 4 -1 1 ,  
Page  158.

12. Genus D s p .  B
5 0 .8  X  6 3 .5  m ic ro n s  ( h o l o t y p e ) ;  S l i d e  No. OPC 
8 3 5 D -1 -1 .  Page 166.
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FORMS RESTRICTED To ONE SAMPLE OR ONE Si
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Table 1. Relative Abundances in percents of Palynomorphs in Wyoming Lower Cretaceous Samples

i PALYNOMORPHS
T E T O N  G O .

RUSTY BETfi THSRMOPOLIS SHALE \

C»rHfD>TES UINOa 
c. Eusrntiis

- - ■■ " . . "

OLCICHEMcOirES SP A
CONCAVIEPaaiTCS VARCVERRUCATUS
LYWCHUHSPORLTES MINOR

"::::
AUBITULINASPORITFS Of INTRAStRlAIuS

tEPTOirplOlTES VERROCATUS

CSMUN0A0I0ITE5 WELLHANII
RlbfiSISPflRITES TRICHORAPIUOSOS 
P ERIOIUS
LTCOPOIllACIOITES SP A

CAUAROiONOSPORlTES ROOl-S
LYCOPODIUMSPORITE5 OF CLAVATOIDES
CiC«IRIC£>5l5PO»>Y£S eOROISfNSlS

- . . R ::::

YAOROCIjSRORIYeS SECUENYUS 
r. REDUNCUS
KLUKISAORITES VARIECATUS 
K. PSEOOOREnCUEAruS
YRILOeOSPORlYES OF APIVEFYRUCATUS 
T YRI0REYI0ULAYU5 : "

APRENOlCISRORlTES YRlCORHITAYgs 
A. OF. THICERS

CINOgiATISPORITES LCViSPEdOSgS 
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::. .
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. .
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