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ABSTRACT

The marine m icroplankton (dinoflagella te  and acr i ta rch  cyst) 

a s se m b la g e s  of la te  Albian to Cam panian (Cretaceous) from the Ther- 

mpolis S ha le ,  Mowry S h a le , Frontier Formation, C arlile  S h a le ,  Niobrara 

F orm ation , S tee le  S h a le , M esaverde Form ation , and Cody Shale near 

Rawlins and D u b o is ,  Wyoming are reco rd ed , d esc rib ed  and i l lu s t r a te d .  

The sam ples  were c o l le c te d  from s tra ta  which are da ted  by independent 

p a leo n to lo g ica l  e v id e n c e .  Tw enty-five genera  con ta in ing  45 sp e c ie s  

are d e sc r ib e d .  The d is tr ib u tio n  of th e se  sp e c ie s  is  recorded  in the form 

of a range c h a r t .  The Albian to Cam panian s tra ta  are d iv ided  into three 

b io s tra t ig rap h ic  zones  b a se d  on the re s t r ic te d  s tra tig rap h ic  range of 15 

s e le c te d  d in o flag e lla te  c y s t s .  Zone A (Albian) is  ch a ra c te r iz e d  by 

P a laeohystr ichophora  s p . 1, M uderongia s p . 1, Spinidinium v e s t i tu m , 

D eflandrea  s p . 1, Ovoidinium o s t iu m , and Cribroperidinium o r th o c e ra s . 

Zone B (Cenomanian to C oniacian) has  one sp e c ie s  , P a laeo h y s tr ich o 

phora s p .  2, r e s t r ic te d  to  it and is  b e s t  iden tif ied  by i ts  s tra t ig raph ic  

re la t io n sh ip  to zones  A and C . Zone C (Santonian to Campanian) is  d e 

f ined by th e  occurrence of three d ia g n o s t ic  s p e c ie s ,  D eflandrea  e c h i -  

n o id e a , Dinogymnium acum inatum , and D eflandrea acu m in a ta .

v i



INTRODUCTION

The purpose  of th is  th e s i s  is  to  in v es t ig a te  the occurrences  of 

marine m icroplankton (d inoflagella te  and acrita rch  cys ts )  found in two 

m easured  s e c t io n s  of la te  Albian to  Cam panian (Cretaceous) s tra ta  e x 

p o sed  in Wyoming w ith  the  following o b je c ts :

1. To record  s tra t ig ra p h ic  o ccu rren ces  of the m icroplankton r e 

covered  from the marine s t r a ta .

2 . To d esc r ib e  and photograph the important m icroplankton and 

compare them  w ith  o thers  of the same age from other a r e a s .

3 . To develop  a b io s tra t ig rap h ic  zonation  b a se d  on irreversib le  

evo lu tionary  changes  in  the microflora a s se m b la g e s  ra ther  than  

re v e rs ib le  changes  brought about by environm ental (facies) 

c h a n g e s .

4 .  To compare the formation age ass ig n m en ts  of Cobban and 

Reeside (1952a, 1952b) b a se d  on invertebrate  f o s s i l s  ag a in s t  

known ranges  of d ino flageH ates  found in the s t r a t a .

Location

Sam ples from two com posite  se c t io n s  were u s e d  in th is  s tudy . 

These sam ples  were sup p lied  to  me by the EXXON Production and Re

sea rch  Com pany. The Rawlins se c t io n  outcrop sam ples  were co llec ted  

from a com posite  se c t io n  loca ted  in s e c s .  12, 13, 14, 15, and 16, T.

22 N . , R. 87 W . and s e c s .  7 , 13, 23, 24, T. 22 N . , R. 86 'W . ,  Carbon 

County , Wyoming (Fig. 1). The se c t io n  is over 3 ,400  m eters  th ic k .  One 

' 1
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Figure 1. Location map of Rawlins m easured s e c t io n .  Carbon County, Wyoming



hundred and f if teen  sam ples  were p ro c e sse d  from the Rawlins se c t io n ,  

w ith  67 sam ples  y ie ld ing  d in o flag e lla te  c y s t s . The Horse Creek sec tio n  

outcrop sam ples  were co lle c te d  from a cbm posite  s e c t io n  from s e c s .  1 

and 36, T. 42 N . ,  R. 106 W . , Fremont County , Wyoming (Fig. 2). This 

se c t io n  is  over 1 ,100  m eters th ic k .  Seventy  sam ples  were p ro c e sse d ,  

w ith  37 sam ples  con ta in ing  iden tif iab le  d ino flage lla te  c y s t s .

Two s tra t ig ra p h ic  s e c t io n s  s i tu a te d  over 260 km apart  were 

u se d  in an effort to  se p a ra te  apparen t ex t in c tio n s  and apparen t f ir s t  o c 

cu rrences  of d in o flag eH ates  cau se d  by rev e rs ib le  fa c ie s  changes  from 

true ex t in c t io n s  and f ir s t  o ccu rrences  c a u se d  by irrev e rs ib le  evo lu tionary  

changes  w hich  can  be u se d  for age da ting  and time c o rre la t io n .  The a p 

paren t evo lu tionary  changes  are u se d  to  d e l in ea te  bio s tra t ig rap h ic  zones 

for the study a re a .  This s tudy  is  lim ited to  marine m icroflora and no 

lan d -d e r iv ed  p o llen  or spo res  were s tu d ie d .

M ethods of Study

M acera tion  Procedures

The m ateria l  u se d  in th is  th e s i s  w as ob ta ined  from outcrop 

sam ples  c o l le c te d  from two m easured  s e c t io n s .  A to ta l  of 185 sam ples 

w as p ro c e s s e d .  Some sam ples  had to be p ro c e sse d  more than  once b e 

ca u se  of the p a u c ity  or poor p re se rv a tio n  of the m icroflora . The m acera

tion  procedure th a t  y ie ld ed  the b e s t  r e s u l t s  is the fo llow ing .

1 „ The sam ple is  c rushed  and approxim ately  5 g of the 1-mm s ize  

c rushed  m ate r ia l  are p la c e d  in an a c id - r e s i s ta n t  p la s t ic  or 

Styrofoam cu p .
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The sample is  covered  w ith cold hydrochloric  ac id  for approx i

m ately  12 h o u r s . The sam ple is  then  d e c a n te d ,  cen tr ifuged , 

and w ashed  tw ice  with d is t i l le d  w a te r .

The sam ple is  t re a te d  with 50 percen t hydrofluoric ac id  for 24 

h o u rs .  If p o s s i b l e , s t i r  the so lu tion  sev e ra l  tim es during the .

24-hour p e r io d .  The sample is  then  cen trifuged  and the ac id  

d e c a n te d .  Hot hydrochloric  ac id  is  added to the  re s id u e  to rid 

it of unw anted  s i l ic a  g e l .  The hot ac id  trea tm en t is  rep ea ted  a t  

l e a s t  three t im e s ,  then  th e  sample is  w ashed  tw ice  with d i s 

t i l le d  w a te r .

The sample is  p laced  in a g la s s  t e s t  tube and covered  with co n 

cen tra ted  n itr ic  ac id  and h ea ted  gen tly  oyer an open flame un til  

ye llow  fumes are g iven  off. After c o o l in g , 10 p e rcen t sodium 

hydroxide is  added and the sam ple is s t i r re d ,  cen tr ifuged , and 

d e c a n te d . Then d is t i l le d  w ater  is added , and the sample is 

aga in  s t i r re d ,  cen tr ifuged , and d ec a n te d .  This procedure is  

rep e a te d  un ti l  the liquid is  c le a r .

Severa l drops of hydrochloric  ac id  are added and the liquid is  

s t i r r e d , cen tr ifu g ed ,  and d e c a n te d .

The res idue  is  p la c e d  in a z inc  bromide so lu tion  having a s p e 

c if ic  g rav ity  of 2 .0  and cen trifuged  a t 2000 rpm for 20 m inu tes .  

The re s id u e  f loa ting  on top of the z inc  bromide is  decan ted  in 

to  a c lean  cen trifuge tu b e , and the m ateria l th a t  s inks  to the 

bottom of the so lu tion  is  d is c a rd e d .

Two. drops of hydrochloric  ac id  are added to the  f loa ted  res id u e  

and the tube f il led  with d is t i l le d  w a te r .  The liqu id  is  s t i r re d .



cen tr ifu g ed , d e c a n te d ,  and the re s id u e  is  w ash ed  with d is t i l le d  

w ater  th ree  tim es to  remove the z inc  brom ide.

9 . The re s id u e  is  w ash ed  th ree  tim es with 98 p e rcen t e thyl a lcohol 

to  remove w ate r  and is  th en  p la c e d  in a g la s s  s to rage  v ia l with 

a so lu tion  of 40 p e rcen t e thy l a lcohol and 60 p e rcen t g ly ce r in .

Single Grain Mount P reparation

From each  d ifferen t sp e c ie s  fo u n d , at le a s t  one specim en  w as 

ch o sen  and p rese rv ed  on a s ing le  grain  mount s lide  and pho tog raphed . 

Id en tif ica t io n  was e s ta b l i s h e d  by re fe rence  to pub lished  l i te ra tu re .  The 

following procedure w as u s e d  in making the s l id e s ,

1. One or two drops of r e s id u e ,  w hich  is  in a so lu tion  of 40 per

cen t e thy l a lcoho l and 60 p e rcen t g lycer in ,  w as  p laced  on a . 

g la s s  m icroslide  and spread  even ly  on the c en te r  third of the 

s l id e .

2 . The s lide  w as in sp e c te d ,  u s in g  a 10X o b je c t iv e , un til  a w e l l -  

p rese rv ed  m icro foss il  w as lo c a te d .

3 . The m ic ro fo ss il  w as then  iso la te d  by " tea s in g "  it w ith a fine 

need le  h e ld  in the jaw s of a m echan ica l p e n c i l .  If the needle  

tip  is  rubbed on an o ily  portion of the sk in ,  the a lc o h o l-  

g lyce r in  so lu t io n  is  rep e lled  away from the m icro foss il  if the 

n eed le  t ip  is  p la c e d  near  i t .

4 .  The m icro foss il  w as l if ted  off the s lide  by a need le  tip  which

has  a sm all p ie c e  of g lyce r in  je l ly  a t tach ed  to  i t .

5 . The g lycerin  je l ly  w ith m icro foss il  w as p laced  on a c lean  m icro -

s lid e  and covered  w ith a c ircu la r  cover g la s s  (size  5 /8 ,



th in n e ss  O ) . The s lide  w as p laced  on a s lide  warmer and 

colored  b ee sw a x  (colored to  allow  co n tras t  be tw een  glycerine  

je l ly  and beesw ax) w as m elted  around and under the cover g la s s  

to s e a l  it perm anently  .

6 . A lab e l w ith  sample number and m icro foss il  name w ritten  on it 

w as a tta c h e d  to the s ing le  grain  mount s l i d e .

Slide C o llec tio n

All i l lu s t ra te d  specim ens are from single  grain  mount s l id e s .

All s l id e s  are s to red  at the D epartm ent of G e o s c ie n c e s , The U n ivers ity  

of Arizona .

Photographic Procedures

All photographs are of s ingle  grain mount m ateria l  and were 

ta k e n  with a Z e iss  S tandard U n iv ersa l  m icroscope w ith  an au tom atic  

cam era a t ta c h e d .  Kodak Panatomic-X (ASA32) very  fine grain  film was 

u se d  and deve loped  in Kodak M icrodal,  a fine -g ra in  film deve loper .  The 

p rin ts  were made on AGFA BEH 1 h ig h -c o n tra s t  (grade 6) , s ingle  weight 

p a p e r .  The f ina l f igures  were made on Kodak P o lycon tras t A/LW paper .  

Many p a ly  no morphs were so nearly  t ra n sp a ren t  tha t th ey  were photo

graphed under p h a se  co n tra s t  to bring out important fe a tu re s  th a t  would 

have b een  o therw ise  lo s t .



GENERAL GEOLOGY OF THE CRETACEOUS UNITS

The C re taceo u s  s tra ta  exam ined in th is  s tudy  were d ep o s ited  

during a number of t ra n sg re s s io n s  and re g re s s io n s  of an ep ico n tin en ta l  

s e a  th a t  covered  a large portion  of the. w es te rn  in terio r  of the United 

S ta te s .  The sea  ex tended  during maximum tra n sg re s s io n  from the Gulf 

of M exico to the Arctic O cean .  The seaw ay  rece ived  large q u an ti t ie s  

of c la s t i c  debris  during th is  time from the M esocord il le ran  h ig h la n d .

The form ations s tud ied  in th is  th e s i s  were d ep o s ited  in or a d 

ja c e n t  to the C re taceo u s  seaw ay  from Albian to Cam panian t im e. Figure 

3 shows the t im e-ro ck  nom enclaure u se d  for the C re taceo u s  sec t io n s  a t 

Rawlins and Horse C reek , W yoming.

Thermopolis Shale 

The Thermopolis Shale w as named by  Lupton (1916) for expo

su res  near T herm opolis , W yom ing. It  overlie s  the C loverly  Formation 

and is  overla in  by the Mo wry S ha le .  The Thermopolis can  be divided into 

th ree  u n i ts :  a low er sh a le  and s i l ts to n e  unit; a middle sandstone  u n i t ,

- referred  to  a s  the Muddy Sandstone; and an  upper sha le  u n i t .  M ost o il 

g e o lo g is ts  re s t r ic t  the name Thermopolis Shale to the lower shale  and 

s i l ts to n e  u n i t .  The middle u n i t ,  the  Muddy S andstone , is  considered  a 

d is t in c t  u n i t .  The upper sha le  un it  is  inc luded  in the overly ing Mowry 

S h a le . I have follow ed Lupton 's  term inology in th is  s tu d y . In the Raw

lins  m easured  s e c t io n ,  the Thermopolis c o n s is t s  of approxim ately  60 

m eters  of marine and m arg ina l marine s h a l e s , s i l t  s to n e s , and

8
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s a n d s to n e s . In the Horse C reek  m easured  s e c t io n ,  m ore.than 150 m eters 

of the Thermopolis are reco rd ed .

Mo wry Shale

The Mowry Shale w as g iven  formation rank by H ares (1916) 

b a se d  on ex p o su res  in the W ind River B asin . H ares defined  the Mowry 

as  be ing  u n d er la in  by the Thermopolis Shale and overla in  by the Frontier 

Formation. The Mowry c o n s is t s  of h ard , s i l ic e o u s  sha le  with numerous 

in terbeds  of b e n to n i te .  The formation w ea thers  to r e s i s ta n t  s i lv e r -g ra y  

r id g e s .  Over 70 m eters  are recorded  a t  the Rawlins se c t io n  arid over 120 

m eters are p re se n t  a t  the Horse Creek  s e c t io n .

Frontier Formation 

The name Frontier Formation w as f ir s t  u se d  by Knight (1902) for 

exposu res  n ea r  Kemmerer, W yoming. Cobban and Reeside (1952a) for

m alized  Knight's  work and d e sc r ib e d  an add itiona l m easured  se c t io n  at 

Cumberland G ap , lo ca ted  15 m iles sou th  of F ron tier ,  W yoming. The for

mation c o n s is t s  of a s e r ie s  of in terbedded  marine and nonmarine sa n d 

s to n e s ,  s i l t  s t o n e s , and s h a le s  along w ith minor coa l seam s and 

numerous ben ton ite  b e d s . The nonmarine portion of the Frontier forma

tion  c o n s is t s  of c l a s t i c  sed im en ts  derived  from the M esoco rd ille ran  

high land  th a t  in te rf inger  w ith  the marine s i l t s to n e s  and s h a le s .  The 

Frontier is  over 270 m eters  th ick  at the Rawlins se c t io n  and approxim ate

ly 229 m eters th ic k  a t the H orse C reek  s e c t io n .  ,



C arlile  Shale

The. C arlile  S h a le , as  o r ig ina lly  defined  by Rubey (1930) for 

exposures  in the Black H ills  of Wyoming and South D ak o ta ,  c o n s is t s  of 

three m em bers , a lower sha le  member; a middle member, the Turner 

Sandy Member; and the upper m em ber, the Sage Breaks Shale Member.

At the Rawlins s e c t io n ,  the C arli le  Shale is eq u iv a len t to  only part of 

the Carlile  Shale d esc rib ed  by Rubey; th e re fo re , m ost workers p lace  

C arlile  in quo ta tion  marks to  in d ica te  the re s t r ic te d  use  of the n a m e .

At the Rawlins s e c t io n ,  the C arlile  overlie s  the F rontier Formation and 

underlie s  the N iobrara Form ation. The C arlile  is  61 m eters th ick  at the 

Rawlins s e c t io n  but is not reco g n ized  a t the Horse Creek  s e c t io n .

N iobrara Formation

The N iobrara Formation (Meek and H ayden , 1862) o v e r lie s  the 

Carlile  Shale and u n d er lie s  the S tee le  Shale a t  the R awl ins s e c t io n .  The 

Niobrara is  not reco g n ized  at the Horse Greek a re a .  At the Rawlins s e c 

t io n ,  the N iobrara c o n s is ts  of over 480 m eters of ca lca reo u s  and non- 

c a lc a r e o u s , d a rk -g ra y , marine sh a le s  .

S tee le  Shale

The S tee le  Shale (Darton and S ieb en th a l ,  1909) over lie s  the 

Niobrara Formation and u n d e r l ie s  the M esaverde Formation in the Rawlins 

s e c t io n .  The S tee le  Shale is  equ iv a len t to the lower portion of the Pierre 

Shale . The S tee le  is  over 60 m eters th ick  a t  the Rawlins se c t io n  and is 

ch a rac te r ize d  as  being a d a rk -g ray  sha le  w ith th in  in te rbeds  of s a n d 

s to n e .  The formation is  hot recogn ized  in the Horse Creek s e c t io n .



M esaverde  Formation 

In the Rawlins s e c t io n ,  the M esaverde  Formation (H olm es,

1877) o v e r l ie s  the  S teele  Shale and u n d er lie s  the Lewis Form ation . The 

M esaverde is  not recogn ized  in  the  Horse C reek  s e c t io n .  At the Rawlins 

s e c t io n ,  the formation is  c h a ra c te r iz e d  by w h ite ,  f r ia b le ,  p o ro u s , m a s 

s ive  to c ro ssb e d d e d ,  medium- to  c o a rse -g ra in e d  sa n d s to n e s  in terbedded 

w ith  gray to b la c k  sh a le s  , gray s i l t s to n e s ,  brown carbonaceous  s h a l e , 

and th in  co a l s e a m s .  The M esaverde  Formation at the Rawlins sec t io n  

is  over 1 ,333 m eters  th ic k .  The upper  h a lf  of the  form ation is  la rge ly  

nonm arine .

Cody Shale

The name Cody Shale (Lupton, 1916) is  .used to  include s tra ta  

above the F rontier Formation and below  the M esaverde  Formation where 

the  Niobrara Formation cannot be c lea r ly  d is t in g u is h e d .  Cody Shale is  

not recogn ized  a t  the Rawlins se c t io n  b e cau se  of the p re se n c e  of the  

N iobrara Form ation, In the Horse C reek  s e c t io n ,  the Cody Shale over

l ie s  the F ron tier  Formation and c o n s is t s  of approxim ate ly  .900 m eters of 

d a rk -g ray  marine s h a le s  and numerous in terbedded  s a n d s to n e s  . The 

formation is  poorly  exposed  a t  the Horse Greek se c t io n  and only the 

lo w es t 250 m eters  could be sam pled .



BIOSTRATIGRAPHY

The b io s tra tig rap h ic  zonation  developed  in th is  s tudy  is  b ased  

on only q u a li ta t iv e  a n a ly s is  of the s a m p le s . The p au c ity  of m icroplank

ton  in a lm ost a l l  sam ples p ro c e s s e d  made quan ti ta t iv e  work with the 

m ateria l in fe a s ib le .  The s tra tig rap h ic  ranges  of a ll  desc rib ed  p a ly n o -  

morphs from the Rawlins and Horse Creek s e c t io n s  were p lo tted  (Fig. 4 , 

in p o c k e t) , and a b io s tra t ig rap h ic  zonation  w as e s ta b l is h e d  b a se d  on 

the combined s tra t ig ra p h ic  ranges  of s e le c te d  tax a  from the two reference 

s e c t io n s .  The b io s tra t ig rap h ic  zones  and th e ir  co rre la tion  w ith the C re

ta c e o u s  s ta g e s  are shown in Figure 5.

Age determ ina tions  for the formations according  to Cobban and 

R ee s id e 's  (1952b) inverteb ra te  zones  were u se d  as  a b a s e .  The age d e 

te rm inations  were then  s l ig h t ly  m odified , b a se d  on d in o flag e lla te  e v i 

dence from my s tu d y . The lowermost portion of the Frontier Formation is  

con s id e red  of A lbian, not C enom an ian , age . Also the C o n iac ian — 

Santonian boundary h a s  b een  ad ju s ted  so th a t  now the Niobrara Forma

tion  is e n t ire ly  Santonian  ex cep t  for the b a s a l  46 m e te r s .

- A to ta l  of 45 pa ly  no morphs were id en tif ied ,  photographed , and 

d esc rib ed  from the two re fe rence  s e c t io n s .  The ranges  of most of th e se  

palynomorphs are too long to  be u se fu l  for co rre la tion  in th is  study.. But 

b a se d  on 15 d in o f lag e lla te  s p e c ie s  th a t  appear  to be re s t r ic te d  in th e ir  

s tra t ig ra p h ic  r a n g e , the  Albian to Cam panian s tra ta  have been  divided 

into three zones  .

13
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STAGE CENOMANIANALBIANS P E C I E S CAMPANIANCONIACIANTURONIAN SANTONIAN

Palaeohystrichophora s p .

M uderongia  sp.l

S p in id in iu m  vestitum

D e f / a n d r e a  sp.l

O void  in iu m ostium

C r i  b ro p e r  i d  inium o r t h oceras

P a/aeoh ystrich oph ora  sp. 2

Spiniferites ramosus van multibrevis

A ustra lieiia  co ok son  i

Palaeohystrichophora infusorioides

Australia /  /a vi c to r ie n s is

Australiella spec tab His

Defiandrea echinoidea

Dinogymniu m acuminatum

Def/andrea acum i  na ta

Figure 5. M icroplankton b iostra tig raph ic  zonation
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Zone A

Zone A is  c h a rac te r ize d  by the occurrence of s ix  sp e c ie s :  

P a laeohystr ichophora  s p . 1 

M uderongia sp „ 1 

Spinidinium ves ti tum  

D eflandrea  s p .  1 

Ovoidinium ostium  ' -

Cribroperidinium  orthoceras  

The top of the  zone is  defined  a s  being im m ediately  below  the f irs t  a p 

pearan ce  of P a laeohystr ichophora  s p . 2. The upper limit of the zone 

co in c id es  w ith the top of the Albian s t a g e . Zone A inc ludes  the Ther- 

mopolis S h a le , Mowry S h a le , and the low est portion of the Frontier For

m ation . Cobban and R eeside  (1952b) include a ll  of the F rontier Formation 

in the C enom anian , but b a se d  on the occurrence of the  d ino flageH ates  

Spinidinium ves ti tum  and Ovoidinium o s t iu m , which are r e s tr ic te d  to the 

Albian, an Albian age seem s more app ro p ria te .

Zone B

Only one m orphologically  d is t in c t iv e  s p e c i e s , P a la e o s tr ic h o -  

pora s p .  2, is  r e s t r ic te d  to Zone B. This sp e c ie s  to g e th e r  w ith five 

o ther d is t in c t iv e  sp e c ie s  th a t  occur w ith  regu larity  w ith in  th is  zone are 

l is te d  below:

P a laeohystr ichophora  s p . 2 

S p in ifer ites  ram osus v a r .  m ultibrevis 

A us tra lie l la  cooksoni 

P a laeohystr ichophora  in fusorio ides  ,



A u stra lie l la  V ictoriansIs 

A u s tra lie l la  s p e c t a b i l i s .

The top of Zone B is  defined  a s  being im m ediately  below  the f irs t  o c 

currence of D eflandrea  e c h in o id e a , Dinogymnium acum ina tum . and 

D eflandrea  a c u m in a ta . Zone B is  d iff icu lt  to recognize  b e c a u se  of the 

ab sen ce  of r e s t r ic te d  m icroplankton and is b e s t  iden tif ied  by i ts  s t r a t i -  

g raph ic  re la t io n sh ip  to  Zones A and C .  This zone inc ludes  the Frontier 

Form ation, e x c e p t  i ts  lowermost po r tion , the  Carlile  S h a le , and the 

lowermost portion of the  N iobrara Form ation. Cobban and Reeside 

(1952b) a s s ig n e d  Cenom anian to C o n iac ian  ages  to th e s e  un its  b a sed  

on inverteb ra te  fo s s i l  e v id e n c e .  D inoflageH ates  found in th e se  un its  

corroborate but do not refine the age a s s ig n m e n ts .

Zone C

Zone C is  the upperm ost zone and has  i ts  b a se  defined by the 

f ir s t  occurrence  of the th ree  m orphologically  d is t in c t iv e  s p e c ie s :  

D eflandrea  ech ino idea  

Dinogymnium acuminatum 

D eflandrea  a c u m in a ta .

The top of th is  zone is  not defined in th is  s tudy  b e c a u se  it ex tends  into 

la te  Cam panian s tra ta  which are not in the s tu d y 's  s c o p e .  Zone C in 

c ludes  the N iobrara Formation, ex cep t i t s  lowermost p o r tio n ,  the S teele  

S h a le ,  the M esaverde  Formation in p a r t ,  and the Cody Shale in p a r t .  

Cobban and Reeside (1952b) a s s ig n e d  nearly  a l l  of the N iobrara Forma

tion  a C on iac ian  age excep t for the upperm ost portion , w hich w as a s 

s igned a Santonian a g e . The S teele  S h a le , M esaverde  Formation in p a r t ,
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and the Cody Shale in part were a s s ig n e d  a Cam panian a g e . The o ccu r

rence  of th ree  d in o flag e lla te  s p e c i e s , which appear to be re s t r ic te d  

worldwide to Santonian and younger s t r a t a , D eflandrea e c h in o id e a , 

Dinoqymnium acum inatum , and D eflandrea  a c u m in a ta , in m ost of the 

N iobrara Formation s trongly  su g g es ts  a Santonian age for a l l  but the 

lowermost portion  of the N iobrara Form ation. Marine palynomorphs found 

in the S tee le  S h a le , M esaverde  Form ation, and Cody Shale corroborate 

prev ious age ass ig n m en ts  of Cobban and Reeside (1952b).



CONCLUSIONS

The s tra t ig ra p h ic  occu rren ces  of marine m icroplankton (dino- 

f la g e lla te  and ac r i ta rch  cy s ts )  from la te  Albian to Cam panian s tra ta  have 

been  recorded  and d e s c r ib e d .  All d e sc r ib ed  sp e c ie s  have been  i l lu s 

tra te d  ,

The m icroplankton  a s sem b lag es  from the s tra ta  c o n s is t  of 25 

genera  con ta in ing  45 s p e c ie s .  The s tra ta  are d ivided into three b io s t r a t -  

g raph ic  zones  b a se d  on the re s t r ic te d  o ccu rrences  of 15 d iag n o stic  d in o -  

f la g e l la te  s p e c i e s .

W ith  two e x c e p t io n s ,  formation age determ ina tions  b ase d  on 

d ino flageH ates  agree w ith  th o se  b a se d  on invertebra te  f o s s i l s .  The 

low est portion  of the  Frontier Formation is  cons ide red  la te  A lbian, not 

ea r ly  C enom anian , and a l l  but the lowermost portion of the N iobrara 

Formation is  co n s id e red  S an ton ian , not C o n iac ian .

M arine m icroplankton  are u se fu l  and worthwhile in the d e te r 

m ination of the zona tion  and age of C re taceo u s  s tra ta  in the study a re a ,  

but before a p re c ise  b io s tra t ig ra p h ic  zonation  can  be developed  a large 

number-of s tra t ig ra p h ic  s e c t io n s  m ust be s tud ied  to  g a th e r  more da ta  on 

the ran g es  of the tax a  d i s c u s s e d  in th i s  s tu d y .

18
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C la s s  D inophvceae P asch er  
S u b c la ss  D inoferophycldae Bergh 

Order P er id in ia les  Schutt 1869 
Family G o n y au lacy s taceae  S arjean t and Downie 1966, 

em e n d . Sarjean t and Downie 1974 
Type Genus G on y a lacy s ta  D eflandre 1964, em end. S arjean t 1966

Genus Cribroperldinium  N eale  and Sarjean t 1962 . em end . Davey 1969 
Cribroperidinium o rthoceras  (Eisenack) D avey 1969 

F ig . 6, nos . 1 ,2

S e lec ted  Synonymy

1958 G onyaulax o rthoceras  E is e n a c k ,  p .  388, PI. 21, f i g s . 3 -1 1 ,
• PI. 24, f ig .  1.

1959 Gonyau lax  o rthoceras  E isenack ; G o c h t ,  p .  54, PI. 5, f ig s .
12 -13 .

1961 G onyaulax  o rthoceras  E isen ack ; A lberti, p .  6, PI. 11, f i g s . 1 -3 .
1967 G onyaulax o rthoceras  E isenack ; V ozzhennikova, p .  86, PI. 28,

f i g s . 1 -3 .
1969 Cribroperidinium  o rthoceras  (Eisenack); D avey . p .  138.
1971 Cribroperidinium  orthoceras  (Eisenack) Davey; Brideaux, p . 84 ,

PI. 24, f ig .  48 .
1972 G onyau lacys ta  o rthoceras  E isen ack ; Benedek, p .  18, PI. 1,

f ig .  3.

D e s c r ip t io n . D ino flage lla te  c y s t ,  e l l ip so id a l  in ou tline; e p i -  

t ra c t  p o s s e s s e s  a long , w e l l -d e v e lo p e d  a p ica l  horn; hypo trac t rounded 

without a n ta p ic a l  h o r n s ;  cingulum narrow, w ell  defined  by prominent 

r id g e s ;  p la te  boundaries  defined  by low narrow ridges; c y s t  w all th ic k ,  

g ran u la r ,  and e a s i ly  f r a c tu r e .

D im e n s io n s . Length of 5 m easured  s p e c im e n s , 130-150 p.; 

w id th , 85-110 pi.

O c c u rre n c e . This sp e c ie s  ran g es  from late  Albian to early  

Cenom anian in the s tudy  a re a .



Figure 6. P e r id in ia le s ; G o n y a u la c y s ta c e a e , A p teo d in iaceae , 
C a n n in g ia c e a e , B room eaceae , S p in ife r i taceae  .

1 ,2 .  Cribroperidinium orthoceras  (Eisenack) Davey: 1, s ide  view  
2, top v iew . X500 .

3 . G onyau lacys ta  s p .:  s ide  v iew . XSOO.

4 . Spinidinium vestitum  Brideaux: s ide  v iew . X450.

5 ,6 .  Canning ia  co ll iveri  C ookson and E isenack : 1, s ide  view  
in p h ase  co n tras t;  2, s ide  v iew . X500.

7 , 8 .  Broomea s p . :  1, s ide  v iew  in phase  co n tras t;  2, s ide v iew . 
XSOO.

9 . S p in ifer ites  ram osus v a r .  ram osus (Davey and W illiam s) 
S a r je an t .  X550.

10. Sp in iferites  ram osus v a r .  g ra c i l is  (Davey and W illiam s)
Lentin  and W illiam s . X450 .

11. S p in ife r ites  ram osus v a r .  m ultibrevis (Davey and W illiam s)
D avey and V erd ier . Phase  c o n tra s t .  X550.

12 . S p in ife r i te s  of. varmae Lentin and W illiam s . Phase  co n 
t r a s t .  X600. "
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Figure 6. P e r id in ia le s : G onyau lacystaceae  z A pteodiniaceae z 
C ann ing iaceae ,  Broom eaceae, Spin iferitaceae
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Genus G onyau lacys ta  Deflandre 1964, 
em e n d „ Sarjean t 1966

G o nyau lacys ta  s p .
F ig . 6, n o .  3

D e s c r ip t io n . D ino f lage lla te  c y s t , e l l ip so id a l  in ou tline; e p i -  

t ra c t  p o s s e s s e s  short a p ic a l  horn; hypo trac t  rounded, w ithout an tap ica l  

horns; cingulum narrow , w ell  defined  by low r idges ;  c ap su le  e l l ip so id a l ,  

in c lo se  co n tac t  w ith  ou ter  w all ;  p la te  boundaries  are defined  by low 

r id g e s ;  c y s t  w all  f in e ly  s c r a b a te .

D im e n s io n s . Length of 3 m easured  sp e c im e n s ,  70-81 p; w id th ,

78-84 p .

O c c u r re n c e . This s p e c ie s  w as found only in s tr a ta  of Albian 

age in the s tudy  a rea  .
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Family A pteodin iaceae  E isenack  1961, 
em en d . Sarjeant and Downie 1974 

Type Genus Apteodinium E isen ack  1958

Genus Spinidinium Cookson and E isenack  1958 
Spinidinium ves ti tum  Brideaux 1971 

Fig . 6, no . 4

Selec ted  Synonymy

1971 Spinidinium ves ti tum  Bride au x ,  p p .  99 -101 , PI. 29, f ig s .  9 9 -1 0 3 .
1971 D eflandrea  limpida Singh, p p . 359 -360 , PI. 61, f ig s .  1 -12 ,

D e s c r ip t io n . D ino flage lla te  c y s t  w ith e longate  pen tagonal o u t

line; e p i tra c t  has  cone like a p ica l  horn w hich tap e rs  to a b lunt point; 

hypotract has two unequa l a p ic a l  horns; cingulum w id e ,  nearly  c ircu la r ,  

w ell  defined  by r idges  lined with short sp in e s ;  archeopyle in terca lary ; 

c y s t  w all th ick  and g ranu la r .

D im e n s io n s . Length of 5 m easured  sp e c im e n s ,  55-74 p ;  w id th ,

34-52 p .

O c c u rre n c e . S p ec ies  found in sam ples  of Albian to e a r l ie s t  

C enom anian  age in s tudy  a re a .
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Family C ann ing iaceae  S arjean t and Downie 1966,
em e n d . Sarjean t and Downie 1974

Type Genus C anninqia  Cookson and E isen ack  1960b

Genus C anninq ia  Cookson and E isenack  1960b 
C anninq ia  co ll iv e r i  Cookson and E isenack  1960b 

F ig . 6 , nos . 5 , 6

S e lec ted  Synonymy

1960b C ann inq ia  co ll iv e r i  Cookson and E ise n a c k .  p .  251, PI. 38, 
f i g s . 3 ,4 .

1967 C anninqia  co ll iv e ri  Cookson and E isenack ; C larke and Verdier, 
p . 20, PI. 1, f i g s . 3 ,4 .

1971 C ann inq ia  co ll iv e r i  Cookson and E isenack ; D avey and Verdier, 
p . 13.

1971 C anninq ia  co ll iv e r i  Cookson and E isenack ; S ingh, p .  323, PI.
50, figs . 2 , 3 .

D e s c r ip t io n . D ino flage lla te  c y s t ,  subc ircu la r  in ou tline; e p i -  

t ra c t  p o s s e s s e s  a p ic a l  horn which ta p e rs  d is ta l ly  to a b lun t point; h y p o -  

t ra c t  has  two unequal a n ta p ic a l  horns; fa in t su g g es tio n  of a cingulum; 

archaeopy le  ap ica l;  c y s t  w a ll  th ick  with p se u d o -re t ic u la te  scu lp tu re .

D im e n s io n s . Length of 4 m easured  specim ens 82-90 p.; w id th ,

60-71 p .

O c c u rre n c e . This sp e c ie s  ranges  from Albian to e a r l ie s t  C o n i-  

a c ia n  age in the s tudy  a re a .



Family Broome ace ae E isen ack  1969, em end.
Sarjean t and Downie 1974 

Type Genus Broome a C ookson and E isenack  1958

Genus Broomea Cookson and E isen ack  1958 
Broome a s p .

F ig . 6, n o s .  7 ,8

D e s c r ip t io n . D ino flage lla te  c y s t ,  e longate  e l l ip so id a l  in o u t

line; e p i tra c t  has  one long ap ica l  horn , u s u a lly  broken off; hypotract 

has  two a n ta p ic a l  h o r n s , both horns are near being in  d ire c t  ax ia l  co n 

tin u a tio n  of the c y s t ;  fa in t su g g es t io n  of a cingulum on sev e ra l  s p e c i 

m en s .

D im ensions . Length of 5 m easured  spec im ens , 126-132 p; 

w id th ,  40-44  ju.

O c c u rre n c e . This sp e c ie s  w as found in Albian s tra ta  from the 

Rawlins s e c t io n ,  not found in the Horse C reek  s e c t io n .

(
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Family S p in ife r i taceae  Sarjean t 1970, em end.
Sarjean t and Downie 1974

Type Genus Sp in ifer ites  M ante ll 1850, em end. S arjean t 1970

Genus S p in ifer ites  M antell 1850, em end. S arjean t 1970 
S p in ife r ites  ram osus v a r . ram osus (Davey and W illiam s) Sarjeant 1970

F ig . 6, n o . 9

S e lec ted  Synonymy

1955 H ystr ich o sp h aera  ram osa (Ehrenberg) W etze l;  D eflandre and
C ookson , p .  263, PI. 2, f ig .  1; PI. 5, f ig .  8; PI. 6, f ig . 1.

1966 H ystr ich o sp h aera  ram osa (Ehrenberg) W etze l;  em end. Davey and
W illiam s,  pp . 29 -3 8 , PI. 1, f ig s .  1-6; PI. 3 , f ig .  1; PI. 4 ,
6, 8, 9 , 12; PI. 5, f i g . 6; t e x t - f i g s . 8 , 9 .

1969 H y s tr ich o sp h aera  ram osa v a r .  ram osa (Ehrenberg) W etze l;  D avey ,
p .  172, PI. 10, f i g s . 1 , 2 , 5 .

1970 Spin iferites  ram osus (Ehrenberg) M ante ll;  S a r je an t ,  p .  73.
1971 Sp in ifer ites  ram osus (Ehrenberg) M ante ll;  D avey and Verdier,

p .  33, PI. 4 , f i g s . 1-3; PI. 7 , f ig .  5.
1971 H ystr ich o sp h aera  ram osa v a r .  ram osa Davey and W illiam s;

Cookson and E ise n a c k ,  p .  219, PI. 8, f i g s . 1 , 2 , .
1973 Sp in ifer ites  ram osus v a r .  ram osus (Davey and W illiam s) Sarjean t;

H arland , p .  689, PI. 87, f ig .  7.
1974 S p in ifer ites  ram osus v a r .  ram osus (Davey and W illiam s); Cook

son and E ise n a c k ,  p .  56, PI. 21, f ig .  1.

D e s c r ip t io n . Chorate d inoflageH ate  c y s t ,  su b sp h e r ic a l  in o u t

line ; cen tra l  body p o s s e s s e s  gonal p ro c e s s e s ;  p ro c e s s e s  are narrow, 

so l id ,  and tr ifu rca te  a t d i s ta l  ends ; p ro c e s s e s  jo ined a t b a se  by low 

su tu ra l r idge; cingulum levorotary; cen tra l  body th in  w alled  w ith smooth 

s u r f a c e .

D im ensions . D iam eter of 4 m easured  spec im ens  , 64-70 }i; 

cen tra l  body d iam eter ,  42-49 p .

O c c u rre n c e . This sp e c ie s  ranges  in age from Cenom anian to 

Cam panian in the s tudy  a r e a .
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S p in ife r ites  ram osus (Ehrenberg) v a r . g rac ilis ,  (Davey and 
W illiam s) Lent in and W illiam s 1973 

F ig . 6, no . 10

S e le c te d  Synonymy

1966 Hys.trichosphaera ram osa (Ehrenberg) v a r .  g r a c i l i s  Davey and 
W ill iam s ,  p .  34, P. 1, f ig . 5; PI. 5, f ig .  6.

1969 H y s tr ich o sp h aera  ram osa (Ehrenberg) v a r .  g ra c i l is  Davey and 
W illiam s; D avey , p .  172.

1971 H y s tr ich o sp h aera  ram osa (Ehrenberg) var .  g ra c i l is  Davey and 
W illiam s; Singh, pp . 350 -3 5 1 , PI. 58, f ig .  6.

1973 S p in ife r ites  ram osus (Ehrenberg) v a r .  g ra c i l is  (Davey and
W illiam s) Lentin and W ill iam s ,  p .  130.

1974 Sp in ifer ites  ram osus (Ehrenberg) v a r .  g ra c i l is  (Davey and
W illiam s) Lentin and W illiam s; Cookson and E ise n a c k ,  p .  57, 
PI. 26, f ig .  14.

D e s c r ip t io n . Chorate d in o flag e lla te  c y s t ,  su b sp h e r ic a l  ou tline; 

cen tra l  body p o s s e s s e s  gonal and su tu ra l p ro c e s s e s ;  p ro c e s s e s  are n a r

row , so l id ,  and tr ifu rca te  at d i s ta l  end; p ro c e s s e s  jo ined  a t  b a se  by 

low su tu ra l  r idge; cingulum levorotary; cen tra l  body th in  w alled  with 

smooth s u r f a c e .

D im ensions . D iam eter of 3 m easured  sp e c im e n s ,  61-66 p ; 

cen tra l  body d iam eter ,  35-40 p .

O c c u rre n c e . This sp e c ie s  w as found in sam ples  of la te s t  

C on iac ian  to Cam panian age from the Rawlins sec t io n ;  not found in the 

Horse Greek s e c t io n .
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S pln ifer ites  ram osus (Ehrenberg) v a r . m ultibrevis  
(Davey and W illiam s) D avey and Verdier 1971 

F ig . 6, no . 11

S e lec ted  Synonymy

1966 H ys tr ichosphaera  ram osa (Ehrenberg) v a r .  m ultibrevis  D avey and 
W il l ia m s , p .  35, PI. 1, f ig .  4; PI. 4, f ig .  6.

1969 H y s tr ich o sp h aera  ram osa (Ehrenberg) v a r .  m ultibrevis  Davey and 
W illiam s; D avey , p .  173, PI. 10, f ig s .  3, 4 .

1971 H ystr ich o sp h aera  ram osa (Ehrenberg) v a r .  m ultibrevis  D avey and 
W illiam s; Singh, pp . 351 -3 5 2 , PI. 58, f i g s . 7 , 8 .

1971 S p ln ifer ites  ram osus (Ehrenberg) v a r .  m ultibrevis  (Davey and
W illiam s) D avey and Verdier, p .  33.

1973 S p ln ifer ites  ram osus (Ehrenberg) v a r .  m ultibrevis  (Davey and
W illiam s) Davey and Verdier; Lentin and W il l ia m s , p .  130 .

1974 S p ln ife r ites  ram osus (Ehrenberg) v a r . m ultibrevis  (Davey and
W illiam s) D avey and Verdier; Cookson and E ise n a c k ,  p .  56,
PI. 21, f ig .  7.

D e s c r ip t io n . Chorate d in o flag e lla te  c y s t ,  sp h e r ica l  to su b -  

sp h e r ica l  in ou tline ; c en tra l  body p o s s e s s e s  numerous so l id ,  short,  

gonal and su tu ra l p ro c e s s e s ;  p ro c e s s e s  tr ifu rca te  at d i s ta l  end; cen tra l  

body th in  w alled  w ith  smooth s u r f a c e .

D im en s io n . D iam eter of 5 m easured  sp e c im e n s ,  70-76 p; 

cen te r  body d iam eter ,  45-52 p .

O c c u rre n c e . This sp e c ie s  occurs  in sam ples of Cenom anian 

to Cam panian age in the  s tudy  a r e a .



S p in ife r ites  c f .  varmae Lentin  and W illiam s 1973 
F ig . 6, n o .  12

S e lec ted  Synonymy

1966 H vstr ich o sp h aera  buccina  D avev and W illiam s . p p .  4 2 -4 3 ,
PI. 4 , f ig .  1.

1970 S p in ifer ites  bucc inus  (Davey and W illiam s) S a r je a n t ,  p .  75.
1973 S p in ifer ites  varmae Lentin and W il l ia m s , p . ,  131.
1974 S p in ifer ites  bucc inus  (Davev and W illiam s) Sarjeant; Cookson

and E ise n a c k ,  p .  58, PI. 21, f i g . 3.

D e s c r ip t io n . Chorate d in o flag e lla te  cys t;  sub sp h erica l  cen tra l  

body, bearing  broad gonal p ro c e s s e s ;  p ro c e s s e s  flare a t  d i s ta l  end into 

th ree  or more se c a e  which are p a tu la te ;  numerous p ro c e s s e s  are f e n e s 

tra te ;  c en tra l  body th ick  w alled  w ith granular  s u r f a c e .

D im e n s io n s . D iam eter of 1 m easured  sp ec im en , 88 p; cen tra l  

body width  (short a x is ) ,  47 p .

O c c u rre n c e . One specim en found in the N iobrara Formation 

(Coniacian) from the  Rawlins sec t io n ;  not found in the Horse Greek 

s e c t io n .
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Family D efland reaceae  E isenack  1954, em end .
S arjean t and Downie 1974 

Type Genus D eflandrea  E isenack  1938

Genus D eflandrea  E isenack  1938 
D eflandrea  acum inata  Cooks on and E isenack  1958 

F ig . 7, n o . 1

Se lec ted  Synonymy

1958 D eflandrea  acum inata  Cookson and E ise n a c k .  p .  27, PI. 4 , 
f i g s . 5 -7 .

1960 D eflandrea  acum inata  Cookson and E isenack ; D o u g la s ,  pp . 19- 
20, PI. 4 , f ig s .  2 1 a-2 1 b .

1964 D eflandrea  acum inata  Cookson and E isenack ; Manum and Cook
so n ,  p p . 7 -8 ,  PI. 1, f ig .  4 .

1967 D eflandrea  acum inata  Cookson and E isenack ; C larke and Verdier, 
p .  25, PI. 2, f i g s . 11, 12.

1971 D eflandrea  acum inata  Cookson and E isenack ; B urgess, p .  133,
PI. 1, f ig s .  6 , 7 .

1973 D eflandrea  acum inata  Cookson and E isenack ; Fe lix  and Bur-
br idge , p .  22, PI. 4 , f i g . 1.

1974 D eflandrea acum inata  Cookson and E isenack ; M cIn tyre , PI. 1,
fig . 1 5 .

D e s c r ip t io n . C avate  d inoflageH ate  cy s t;  e longa te  pen tagonal 

in ou tline ; e p i tra c t  cone l ik e ,  with b lunt ap ica l  horn; hypo trac t has two 

unequa l a n ta p ic a l  h o rn s , the longer ta p e rs  to a fine point; cingulum in 

d i s t in c t ,  sh a llo w , b ro a d , defined  by two low r idges; cap su le  sp h e r ic a l ,  

f il l ing  most of cy s t  ex cep t for the ap ic a l  and an ta p ic a l  horns; c y s t  w all  

th in  and f ine ly  g ra n u la r .

D im e n s io n s . Length of 5 m easured  sp ec im e n s ,  94-97 ju; 

w id th , 64-68 p .

O c c u rre n c e . This s p e c ie s  ranges  in age from e a r l i e s t  Santonian  

through Cam panian in the study a r e a .



Figure 7 . P e r id in ia le s : D efland reaceae

1. D eflandrea  acum inata  Oookson and E ise n a c k .  Phase c o n tra s t .
X550.

2 . D eflandrea  d en ticu la ta  A lberti.  X450.

3 . D eflandrea  ech ino idea  Cookson and E is e n a c k . Phase co n 
t r a s t .  X550.

4 . D eflandrea  m acrocvsta  Cookson and E is e n a c k .  Phase con 
t r a s t .  X600.

5. A ustra l ie l la  cooksoni (Alberti) V ozzhennikova. Phase con 
t r a s t .  X500.

6. D eflandrea  s p . 1. Phase c o n tra s t .  X550 .

7 . A us tra lie l la  cooksoni (Alberti) V ozzhennikova. Phase co n 
t r a s t .  X650.

8 . D eflandrea  s p .  2. X450.

9 . D eflandrea  s p .  3. Phase  c o n tra s t .  X500.

10. A u s tra lie l la  sp e c ta b i l i s  (Alberti) Lentin and W il l ia m s .
Phase  c o n t r a s t . X 500.

11. A strocys ta  c re ta c e a  (Pocock) D a v e y . X500.
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Figure 7. P erid in ia les : D eflandreaceae
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D eflandrea  d e n tic u la ta  Alberti 1959
F ig . 7, no . 2

S e lec ted  Synonymy

1959 D eflandrea  d en ticu la te  A lberti, pp . 102-103 .
1966 D eflandrea  d e n tic u la te  Alberti; D avey and W il l ia m s , p . 232.

D e s c r ip t io n . C avate  d in o flag e lla te  cy s t;  fusiform outline w ith

expanded  m id -a rea ;  e p i tra c t  cone sh a p e d ,  with lo n g , tapering  ap ica l

horn; hypo trac t p o s s e s s e s  two long , harrow an tap ica l  horns; cingulum

w ell defined  by two low r id g e s ;  archeopyle not observed ; c y s t  w all

th ick  and w r in k le d . .

D im e n s io n s . Length of 1 m easured  specim en 180 p ; w id th ,

107 p .

O c c u rre n c e . One specim en  found in the S tee le  Shale (Cam

panian) from the Rawlins sec t io n ;  not found in the Horse Creek s e c t io n .
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D eflandrea  ech ino idea  Cookson and E isen ack  1960a
Fig . 7 , n o . 3

S e lec ted  Synonymy

1960a D eflandrea  ech in o id ea  Cookson and E isen ack ,  p .  2, PI. 1 /  
f i g s . 5 , 6 .

1967 D eflandrea  ech in o id ea  C ookson and E isenack ; C larke  and Ver-
d ie r ,  p .  26, PI. 3 , figs  . 4 ,  5 .

1969 D eflandrea  c f . ech in o id ea  C ookson and E isen ack ; Cookson and
E ise n a c k ,  p .  5, PI. 1, f i g . 6.

1970 D eflandrea  ech in o id ea  Cookson and E isenack ; D a v e y , p .  339,
PI. 1, f ig .  5.

1973 D eflandrea  ech in o id ea  Cookson and E isenack ; H arland , p .  694,
PI. 87, f ig .  10.

D e s c r ip t io n . D ino f lage lla te  c y s t ,  subpen tagonal in ou tline; 

ep i tra c t  cone shaped  with b lunt a p ic a l  horn; hypotract rounded with two 

unequal a n ta p ic a l  h o rn s , one horn is  g rea tly  reduced ; cingulum b ro a d , 

de lim ited  by two lo w -sp in ed  r id g es ;  p la te  boundaries  in d is t in c t ,  dem ar

ca ted  by low sp in e -c o v e re d  r idges ;  c y s t  w all  covered w ith  short s p in e s .

D im e n s io n s . Length of 5 m easured  sp ec im e n s ,  52-57 p.; w id th ,

35-40 ju.

O c c u rre n c e . This s p e c ie s  occurs  in sam ples  of C on iac ian  to  

Cam panian  age from the  s tudy  a r e a .
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D eflandrea  m acrocysta  C ookson and E isenack  1960m
Fig . 7, no . 4

S e lec ted  Synonymy

1960a D eflandrea  m acrocysta  C ookson and E ise n a c k .  p .  3 , PI. 1, 
f igs  . 7 , 8 .

1973 D eflandrea  m acrocysta  Cookson and E isenack ; H a r la n d , p .  695, 
PI. 87 , f ig .  14.

D e s c r ip t io n . . C ava te  d in o flag e lla te  c y s t ,  e longa te  in ou tline; 

e p i tra c t  rounded ex cep t  for ap ic a l  horn; a p ica l  horn tap e rs  to a b ro ad , 

round poin t; hypo trac t is  rounded ex cep t for two unequal an tap ica l  

horns; cingulum in d is t in c t ,  broad and shallow ; cap su le  e longate  , f i l l 

ing entire  c y s t  excep t for a p ic a l  and a n ta p ic a l  horns; a rcheopyle  not 

observed ; c y s t  w a ll  th ic k  and g ra n u la r .

D im e n s io n s . Length of 2 m easured  sp e c im e n s ,  75-79 p; 

w id th , 44-46  p .

O c c u rre n c e . S pec ies  found in one sample from M esaverde 

Formation (Campanian) in the Rawlins s e c t io n .
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D eflandrea  s p .  1
F ig .  7, n o .  6

D e s c r ip t io n . D inoflage lla te  c y s t ,  subpen tagona l in outline; 

e p i tra c t  cone shaped  with sh o rt ,  b lunt a p ic a l  horn; hypo trac t rounded 

w ith two short a n ta p ic a l  horns; cingulum b ro a d , w ell defined  by two 

sp in e -c o v e re d  r idges ;  archaeopyle  polygonal when p re se n t;  periphragm 

d e n se ly  covered  with short s p in e s .

D im e n s io n s . Length of 5 m easured  sp e c im e n s ,  45-50 p; 

w id th , 80-86  p .

O c c u rre n c e . This sp e c ie s  occurs  only in the Mowry Shale 

(Albian) in both the Rawlins and Horse C reek  s e c t io n s . This d is t in c t iv e  

s p e c ie s  may be an e x c e l le n t  ind ica to r  for the  Mowry Shale in the s tudy  

a re a .
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D eflandrea  s p . 2
F ig . 7, n o .  8

D e s c r ip t io n . C ava te  d in o flag e lla te  cy s t;  e lo n g a te -p e n ta g o n a l  

outline w ith expanded  m id -area ;  e p i t ra c t  la rger  th an  hypo trac t;  ep i tra c t  

b e l l  sh ap ed ,  has  a p ic a l  horn which ta p e rs  to a b road , rounded point; 

hypo trac t b e ll  sh a p e d ,  p o s s e s s e s  two unequa l an ta p ic a l  horns; cingulum 

w ell defined  by two broad r id g e s ;  cap su le  ovoidal in o u t l in e ,  in c lo se  

co n tac t  w ith  periphragm excep t in the a p ic a l  and a n ta p ic a l  horns; c y s t  

w all  th ic k  and rugula te  .

D im e n s io n s . Length of 1 m easured  spec im en , 160 p; w idth ,

84 p .

O c c u rre n c e . This sp e c ie s  occurred  in one sam ple from the 

S tee le  Shale (Campanian) in the Rawlins sec tio n ; not found in the H orse 

C reek  s e c t io n .
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D eflandrea  s p .  3
F ig . 7, no . 9

D e s c r ip t io n . D inoflage lla te  c y s t ,  pen tagonal in ou tline ; e p i -  

t ra c t  sh o u ld e r le s s  w ith a long tapered  a p ic a l  horn; hypo trac t hs two 

long , unequa l a n ta p ic a l  horns; a p ic a l  and an tap ica l  horns tap e r  to long, 

narrow t ip s ;  cingulum b ro a d , dem arca ted  by low r idges ;  p la te  boun

d a r ies  fa in tly  su g g es ted ; c y s t  w all  th in ,  g ranu la r ,  and w rink led .

D im e n s io n s . Length of 2 m easured  specim ens , 118-120 p; 

w id th ,  60-64 ju.

O c c u rre n c e . S p ec ies  found in one sample from the M esaverde  

Formation (Campanian) in the Rawlins sec t io n ;  not found in the Horse 

C reek  s e c t io n .
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Genus A strocys ta  D avev 1970 
A strocys ta  c re ta c e a  (Poeock) Davey 1970 

Fig 7, n o . 11

S e lec ted  Synonymy

1962 Palaeoperid ln ium  cretaceum  P ocock . p .  80, PI. 14, f ig s .
219-221 .

1970 A strocys ta  c re ta c e a  (Pocock) D avey , p .  359, PI. 2 , f ig .  4 .
1971 ?Lejeunia c re ta c e a  (Pocock) Brideaux, p .  86.
1973 A strocys ta  c re ta c e a  (Pocock) Davey; Lentin and W il l ia m s , p .  17.
1974 A strocys ta  c re ta c e a  (Pocock) Davey; D avey and Verdier, P. 93 ,

f i g . 4 .

D e s c r ip t io n . D ino flage lla te  c y s t ,  pen tagona l ou tline ; ep itrac t  

has  cone like ap ic a l  horn w ith blunt top; hypotract p o s s e s s e s  two a n t-  

ap ic a l  horns of unequa l length; cingulum in d is t in c t ,  defined  by two low 

r id g e s ;  c y s t  w a ll  th in  and f ine ly  s c a b r a t e .

D im e n s io n s . Length of 4 m easured  sp e c im e n s ,  7 0 -7 4  p.; 

w id th , 83r-85 p .

O c c u rre n c e . This sp e c ie s  ran g es  in age from Albian to l a t e s t  

C on iac ian  in the s tudy  a re a .
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Genus A ustra lie l la  Vozzhennikova 1967 
A u s tra l ie l la  cookson i (Alberti) V ozzhennikova 1967 

Fig 7, nos . 5 , 7

S e lec ted  Synonymy

1959 D eflandrea  cookson i A lb e r t i . p .  9 7 ,  P . 9 , f ig s .  1 -6 .
1964 D eflandrea  c f . D . cooksoni Alberti; Manum and C ookson , p .  8 ,

PI. 1, f igs  . 2 , 3 .
1967 D eflandrea  c f .  D . cookson i Alberti; Clarke and Verdier, p .  25, 

PI. 3, f i g s . 1 -3 .
1967 D eflandrea  cooksonae  Alberti: D rugg , p .  16, PI. 2, f ig .  2.
1967 A us tra lie l la  cookson i (Alberti) V ozzhennikova, p .  132.
1973 D eflandrea  cookson i Alberti; K jellstrom , p .  18, f ig .  13.
1973 D eflandrea  cookson i Alberti; S tone , p .  52, PI. 3 , f i g s . .12, 13.
1973 A us tra lie l la  cookson iae  (Alberti) Vozzhennikova; Lent in and

W il l ia m s , p .  18.
1974 D eflandrea  c f . D . cookson ii  Alberti; M cIn ty re , PI. 1, f ig . 16.

D e s c r ip t io n . C ava te  d in o flag e lla te  cys t;  do rsoven tra l outline 

fusiform w ith expanded  m id -a rea ;  cingulum or su lcus  ra re ly  developed; 

e p i t ra c t  som etim es narrows to  form shou lders ; hypo trac t has  two a n t-  

ap ic a l  horns of u nequa l length; one horn is  sometimes ab sen t;  no ta b u 

la tion  observed ; a rcheopyle  in te rca la ry ;  c y s t  w all  th ick  and g ranu lar.

D im ensions  . Length-of 7 m easured  sp ec im e n s ,  70-90 ju; 

w id th , 37-55 ]U.

R em arks . There is  a g rea t d ea l  of morphologic var ia tion  in 

th is  s p e c i e s .

O c c u rre n c e . This s p e c ie s  is  abundant in sam ples  of la te s t  

Cenom anian to C o n iac ian  age in the  s tu d y  a r e a .
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A u stra lie l la  s p e c ta b i l is  (Alberti) Lentin and W illiam s 1973
F ig . 7 , no . 10

S e lec ted  Synonymy

1959 D eflandrea  sp e c ta b i l i s  A lberti, p .  99 , PI. 9 , f ig s .  7 , 8.
1973 A us tra lie l la  sp e c ta b i l i s  (Alberti) Lentin and W ill iam s,  p .  18.
1973 D eflandrea  sp e c ta b i l i s  Alberti: H arland , p .  693, PI. 87, f i g s .

9 , 1 5 .
1974 D eflandrea  sp e c ta b i l i s  Alberti; M cIntyre, PI. 1, f i g s . 8 , 9 , 13,

14.

D e s c r ip t io n . C ava te  d in o flag e lla te  c y s t  w ith  an  e longate  oval 

ou tline ; e p i tra c t  rounded ex cep t for short ap ic a l  horn; hypotract square 

w ith one short a n ta p ic a l  horn; cingulum b ro a d , defined  by two low 

r id g e s ;  a rcheopyle  in te rca la ry ;  cap su le  o v a l ,  sep a ra ted  from periphragm; 

c y s t  w all  th in ,  sm ooth , and w rink led .

D im e n s io n s . Length of 5 m easured  s p e c im e n s , 82-89 p; 

w id th ,  52-60 p .

O c c u rre n c e . This s p e c ie s  occurs  in s tra ta  of Turonian to Cam

pan ian  age in  the s tudy  a r e a .
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A u stra lie l la  v e rru co sa  (Manum) Lent in and W illiam s 1073
F ig . 8 , no . 1

S e lec ted  Synonymy

1963 D eflandrea  verru co sa  Manum. p .  60, PI. 3 , f ig s .  1 -4 .
1973 D eflandrea  c f . D . v errucosa  Manum; S to n e , p .  53, PI. 4 ,

f i g . 16.
1973 A us tra lie l la  verru co sa  (Manum) Lentin and W il l ia m s , p .  18.

D e s c r ip t io n . C avate  d in o flag e lla te  cy s t;  sub rec tangu la r  o u t

line with expanded m id -a rea ; ,  e p i tra c t  b e l l  shaped  w ith  cone like ap ic a l  

horn; hypo trac t has  two unequal an ta p ic a l  h o rn s , one horn is  g rea tly  

reduced ; cingulum broad , delim ited  by  two in term itten t r idges ;  p la te  

boundaries  are in d is t in c t ly  ou tlined  by numerous short sp in e s ;  a rc h e o -  

pyle  in te rca la ry ;  c y s t  w a ll  th ick  and g ran u la r .

D im e n s io n s . Length of 3 m easured  specim ens , 97-105 pi; 

w id th ,  62-72 ju.

O c c u rre n c e . This sp e c ie s  occurs  in s tra ta  of l a t e s t  C on iac ian  

to  Cam panian age in th e  s tudy  a re a .



Figure 8 . P e r id in ia le s : D e f la n d re a c e a e , H ex a g o n ife ra c e a e , 
E n d o sc r in ia c e a e , P se u d o c e ra te a c e a e , M uderongiaceae

1. A u s tra l ie l la  v errucosa  (Manum) Lent in and W illiam s . X450 .

2 . A us tra lie l la  v ic to r ie n s is  (Cookson and Manum) Lentin and
W ill iam s .  X450.

3 -5 .  Ovoidinium ostium  Davev: 3, a p ic a l  horn a t tach ed ;  4, 
ap ic a l  horn lo s t ,  in p h ase  co n tra s t ;  5, a p ic a l  horn 
lo s t .  X 550.

6 . P a laeohvstr ichophora  s p . 1. Phase  c o n tra s t .  X 650.

7 . P a laeohvstr ichophora  in fusorio ides  D e f la n d re . Phase  co n 
t r a s t .  X I000.

8 . • Muderoncria s p . 1. Phase  c o n tra s t .  X500.

9 .  O dontochitina op ercu la ta  (Wetzel) D eflandre and C o o k so n .
Phase  c o n tra s t .  X350.

10. M uderongia s p .  2. Phase  c o n tra s t .  X550.

11. P a laeohvstr ichophora  s p .  2 . Phase c o n tra s t .  X650.
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Figure 8. P e r id in ia le s : D e f lan d rea ceae , H ex agon ife raceae , 
Endoscin iaceae , P se u d o c e ra te a c e a e , M uderongiaceae
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A u stra lie l la  v ic to r ie n s is  (Cookson and Manum) Lent in and W illiam s 1973
Fig . 8, no . 2

S e lec ted  Synonymy

1964 D eflandrea  v ic to r ie n s is  Cookson and M anum , p .  522, PI. 76, 
f i g s . 3-8

1967 D eflandrea  v ic to r ie n s is  Cookson and Manum; C larke and Verdier, 
p . 26, PI. 3 , figs  . 8 , 9 .

1973 A ustra lie l la  v ic to r ie n s is  (Cookson and Manum) Lentin  and W il
l ia m s ,  p .  19.

1974 D eflandrea  c f .  D . v ic to r ie n s is  C ookson and Manum; M cIn ty re ,
PI. 2, f ig .  14; PI. 3, f ig , 1.

D e s c r ip t io n . C ava te  d in o flag e lla te  cy s t;  e p i tra c t  be ll  shaped 

with w e l l -d e v e lo p e d  sho u ld e rs ;  a p ic a l  horn sho rt,  rounded , and roughly 

tr iangu la r;  hypo trac t  h as  two unequa l a n ta p ic a l  h o r n s , one horn is t r i 

an g u la r ,  ta p e rs  to a short p o in t , o ther a n ta p ic a l  horn g rea t ly  reduced; 

cingulum is  dem arca ted  by two in term itten t r idges ;  c a p su le  is f la ttened  

oval in o u t l in e ,  f il l ing  c y s t  ex cep t  near the a p ic a l  and an tap ica l  horns; 

c y s t  w all  th ick  and s c a b r a t e .

D im ensions  . Length of 5 m easured  s p e c im e n s , 105-109 p; 

w id th , 60-65 p .

O c c u rre n c e . This sp e c ie s  ranges  in age from Turonian to Cam

p an ian  in the s tudy  a r e a .
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Family E ndo sc r in iaceae  Vozzhennikova 1965, em end.
Sarjean t and Downie 1974 

Type Genus Endoscrinium  Element I9 6 0 ,  em end. Vozzhennikova 1965

Genus P a laeohvstr ichophora  D eflandre 1934. em end.
D eflandre and Cookson 1955 

P a laeohvstr ichophora  in fuso rio ides  Deflandre 1934
F ig . 8, n o .  7

S e lec ted  Synonymy

1934 P a laeohvstr ichophora  in fusorio ides  D eflandre , p .  967, f ig .  8 .
1958 P alaeohvstr ichophora  in fuso rio ides  D eflandre; C ookson and

E ise n a c k ,  p .  37, PI. 10, f i g . 10.
1964 P a laeohvstr ichophora  in fusorio ides  D eflandre; C ookson and 

H ughes ,  p .  43, PI. 5, f ig .  8 .
1964 P a laeohvstr ichophora  in fusorio ides  D eflandre; Manum and Ver- 

d ie r ,  p .  28, PI. 4 , f ig .  10.
1970 P a laeohvstr ichophora  in fusorio ides  D eflandre; Boltenhagen, 

p . 124, PI. 19, f i g s . 1 -3 .
1970 P a laeohvstr ichophora  in fusorio ides  D eflandre; D avey , p .  346,

PI. 3 , f igs  . 2 , 6 .
1973 P a laeohvstr ichophora  in fusorio ides  D eflandre; D avey and Ver-

d ie r ,  p .  199, PI. 2, f i g s . 5, 8.
1974 P a laeohvstr ichophora  in fuso rio ides  D eflandre; C ookson and

E ise n a c k ,  p .  50, PI. 27, f i g . 5.

D e s c r ip t io n . Chorate d in o flag e lla te  c y s t ,  b ic o n ic a l  in ou tline ; 

e p i tra c t  la rger than  hypotrac t;  e p i tra c t  tr iangu la r  with w e ll-d ev e lo p ed  

a p ica l  horn; hypo trac t round in outline  w ith one a n ta p ic a l  horn; cingulum

broad , dem arcated  by two sp in e -c o v e re d  r idges ;  cap su le  subova l,  f i l l - :
L % " '

ing c y s t  excep t near the a p ic a l  and a n ta p ic a l  horns; c y s t  w all  covered

by long , narrow, so l id ,  ha ir  like s p in e s .

D im e n s io n s . Length of 5 m easured  spec im ens , 40-45 ju;

w id th , 28-31 p; length  of s p in e s ,  4 p

O c c u rre n c e . The s p e c ie s  ranges  in age from the  Cenom anian

to Cam panian in the s tudy  a re a .
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Palaeohystr ichophora  s p . 1 
F ig , 8, no . 6

D e s c r ip t io n . C ava te  d in o flag e lla te  cy s t  b ico n ica l  in outline; 

e p i tra c t  t r iangu la r  w ith  one a p ic a l  horn; hypotract rounded excep t for 

two unequa l a n ta p ic a l  h o rn s ,  one horn is  g rea tly  reduced; cingulum 

b ro a d , w ell  defined  by two sp in e -c o v e re d  r id g e s ;  a rcheopy le  not ob

served ; c ap su le  la rg e ,  f il l ing  c y s t  ex cep t  for ap ica l  and a n ta p ic a l  horns; 

c y s t  w all th in ,  w rink led , and covered  uneven ly  with fine ha irlike  s p in e s .

D im e n s io n s . Length of 5 m easured  sp e c im e n s ,  69-73 p; 

w id th ,  48-50  ju.

O c c u rre n c e . This sp e c ie s  is  r e s tr ic te d  to the Thermopolis 

Shale (Albian) in the  H orse Greek sec t io n ;  not found in  the Rawlins s e c t io n .

P a laeohystr ichophora  sp .  2 
F ig . 8, no . 11

D e s c r ip t io n . C ava te  d in o flag e lla te  cy s t;  b ic o n ic a l  in ou tline; 

e p i tra c t  la rger  than  hypotract; a p ic a l  horn long, ta p e re d ,  rounded apex; 

a n ta p ic a l  horns sh o rt ,  u n e q u a l ,  one horn poorly developed ; cingulum 

broad , w ell  defined  by th in  marginal sp ine  covered r id g e s ;  capsu le  s u b -  

sp h erica l  f il l ing  c y s t  ex cep t for a p ica l  and an ta p ic a l  horns; archeopyle 

not observed ; c y s t  w all  covered by numerous fine ha ir like  s p in e s .

D im e n s io n s . Length of 5 m easured  spec im ens , 63-68 p.; 

w id th , 38-45 p .

O c c u rre n c e . The sp e c ie s  ranges  in age from the Cenomanian 

to  C on iac ian  in the s tudy  a re a .
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Family H exagon iferaceae  Sarjean t and Downie 1966, em end.
Sarjean t and Downie 1974

Type Genus H exaaonifera  Cook son and E isen ack  1961a

Genus Ovoidinium Davey 1970 
Ovoidinium ostium  D avey 1970 

F ig . 8 , nos . 3 - 5

S e lec ted  Synonymy

1970 Ovoidinium ostium  D avey , p .  353, PL 4, f ig s .  5 -6 .

D e s c r ip t io n . B icavate d inoflageH ate  cys t;  a p ic a l  horn poorly 

d ev e lo p ed ,  cone sh a p e d ,  b road , rounded a t  apex; a n ta p ic a l  horns u s u a l 

ly poorly  developed ; hypotract p o s s e s s e s  sub rec tangu la r  opening on 

v en tra l  su rface ; cingulum defined  by two low m arginal r id g e s ;  a rch eo -  

pyle  a p ic a l ;  c y s t  w all  d e n se ly  g ran u la r .

D im e n s io n s . Length of 5 m easured  sp e c im e n s ,  60-65 p; 

w id th , 42-45  ju.

O c c u rre n c e . This s p e c ie s  is  only found in s t r a ta  of A lb i an age 

in the s tudy  a re a .
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Family P se u d o c e ra t ia c e a e  E isenack  1961, em end.
Sarjean t and Downie 1974 

Type Genus P seudoceratium  Gocht 1957

Genus Q dontochitina Deflandre 1935 
O dontochitina  op ercu la ta  (Wetzel) Deflandre and C ookson 1955

Fig . 8, no . 9

S e lec ted  Synonymy

1955 O dontoch itina  op ercu la ta  (Wetzel) Deflandre and C ookson , p .
291, PI. 3 , f ig s .  5, 6.

1967 O dontochitina op ercu la ta  (Wetzel) D eflandre and Cookson;
Clarke and Verdier, p .  59, PI. 13, f i g s . 1, 7 .

1970 O dontoch itina  opercu la ta  (Wetzel) D eflandre and Cookson;
D avey , p .  355, P i. 4 , f i g . 7 .

1971 O dontochitina  o p e rcu la ta  (Wetzel) Deflandre and Cookson;
Davey and Verdier, p .  25.

1973 O dontochitina  op ercu la ta  (Wetzel) Deflandre and Cookson;
Kjellstrdm , p p . 3 4 -3 5 , f ig .  29.

1974 O dontochitina  op ercu la ta  (Wetzel) Deflandre and  Cookson;
M cIn tyre , PI. 7 , f ig .  10.

D e s c r ip t io n . D ino flage lla te  c y s t ;  cen tra l  body su b sp h er ica l;  

ap ica l  and a n ta p ic a l  horns long , tap e red  to  blunt p o in ts ;  a p ic a l  horn 

c o n s tr ic te d  where it a t ta c h e s  to  c en tra l  body; a rcheopyle  a p ica l ;  cy s t  

w a ll  th ic k  and g ran u la r .

D im e n s io n s . Total length  of 5 m easured  sp e c im e n s ,  289-300 jj; 

length  of c en tra l  body , 75-84 pt; w idth of cen tra l body, 37-45  pi.

O c c u rre n c e . This ub iqu itous  s p e c ie s  is  found in Albian to Cam 

pan ian  s tra ta  in the s tu d y  a re a .
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Family M uderongiaceae N eale  a n d S ar jean t  1962 , em end.
S arjean t and Downie 1974 

Type Genus M uderonaia Cooks on and E isen ack  1958

Genus M uderonaia  C ookson and E isen ack  1958 
M uderonaia s p .  1 

F ig . 8, n o .  8

D e s c r ip t io n . D ino flage lla te  c y s t ,  s te l la te  in ou tline ; ap ica l  

horn tr ian g u la r ,  rounded at apex; a n ta p ic a l  horns of equa l leng th , w ell 

d ev e lo p ed ,  long , tape r ing  to narrow p o in ts ;  la te ra l  horns a ttach ed  on 

eq u a to r ,  horns, b ifurca te  into two sm aller  horns; cingulum not observed ; 

archeopyle  ap ic a l ;  c e l l  w all very th in ,  alm ost t ra n sp a re n t ,  e a s i ly  folded 

or r ip p e d .

' D im e n s io n s . Length of 5 m easured  s p e c im e n s , 88-94 ja; 

w id th ,  57-63 ju.

O c c u rre n c e . This sp e c ie s  is  r e s tr ic te d  to the Albian in the 

s tudy  a r e a .

M uderonaia  s p . 2 
F ig . 8, n o . 10

D e s c r ip t io n . D ino f lage lla te  c y s t ,  roughly rhomboidal in o u t

line; e p i tra c t  p o s s e s s e s  a p ica l  horn and two la te ra l  horns; ap ica l  horn 

w ell  d ev e lo p ed ,  long , tapering  to s len d e r  point; la te ra l  horns curved 

downward toward hypo trac t;  cingulum not observed; a rcheopyle  ap ica l ;  

c y s t  w all very  th in , a lm ost tran sp aren t;  e a s i ly  wrinkled or dam aged.

D im ensions . Length of 5 m easured  spec im ens , 105-115 ju; 

w id th , 63-69 p .

O c c u rre n c e . This s p e c ie s  is  re s t r ic te d  to the Thermopolis 

Shale (Albian) in the s tudy  a r e a . .
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Family H y s tr ich o sp h ae r id iaceae  Evitt 1963, em end.
Sarjean t and Downie 1974 

Type Genus H ystrichosphaerid ium  Deflandre 1937, em end.
D avey and W illiam s 1966

Genus H ystrichokolpom a Klumpp 1953, em end .
W illiam s and Downie 1966 

H ystrichokolpom a ferox (Deflandre) Davey 1969 
F ig . 9 , n o .  4

S e lec ted  Synonymy

1937 H ystrichosphaerid ium  ferox D e f la n d re , p .  72, PI. 14, f ig s .  3 , 4 .
1967 Baltisphaerid ium  ferox (Deflandre) Downie and S arjean t; Clarke

and Verdier, p .  73, PI. 15, f ig .  4 .
1969 H ystrichokolpom a ferox (Deflandre) D avey , p .  159, PI. 9 , f ig s .

5 , 7 .
1971 H ystrichokolpom a ferox (Deflandre) Davey; S ingh, p .  326, PI. 5, 

f i g s . 1 -5 .
1973 H ystrichokolpom a ferox (Deflandre) Davey; D entin  and W ill iam s, 

p .  71 .

D e s c r ip t io n . G ho rate d in o flag e lla te  c y s t ,  su b sp h e r ic a l  in o u t

line; cen tra l  body ovo ida l p o s s e s s in g  two ty p es  of p r o c e s s e s ;  one type 

is  c y l in d r ic a l , ho llow , s le n d e r ,  s l ig h t ly  tapering  tow ard the d is ta l  t ip ; 

the o ther type c o n s is t s  of wide cy lin d rica l  p r o c e s s e s , b ifu rca ted  or t r i 

fu rca ted  a t  d i s ta l  t ip s ;  cingulum not observed ; a rcheopyle  ap ica l ;  c y s t  

w all th ick  and g ran u la r .

D im ensions . D iam eter of 3 m easured  spec im ens  , 92-97 p; 

c en tra l  body d iam ete r ,  57-63 p .

O c c u rre n c e . This sp e c ie s  ranges  in age from Cenom anian to 

C on iac ian  in the s tudy  a re a .



Figure 9 . P e r id in ia le s : E x o c h o sp h a e r id ia c e a e , H y s tr ich o -  
sp h a e r id ia c e a e , A re o lig e ra c e a e , C le is to s p h a e r id ia c e a e , S ystem ato -  
p h a raceae

1. Exochosphaerid ium  s p .  X750.

2 . H ystrichosphaerid ium  c f .  arundum . Phase c o n tra s t .  X550.

3 . O ligosphaerid ium  com plex (White) D avey and W illiam s .
X 350.

4 . Hystrichokolpom a ferox (Deflandre) D avey . X450.

5. Cyclonephelium  cf .  d is tinc tum  (Deflandre) C ookson .
X 450.

6 . L ithosphaerid ium  siphoniphorum (Cookson and Eisenack) 
D avey and W illiam s . Phase co n tras t  . X450.

7 . C le is tophaerid ium  c f .  po lypes  (Cookson and E isenack)
D avey . X 450.

8 .  Chiropteridium  s p .  X450.

9 -1 0 .  D iphyes colligerum  (Deflandre and Cookson) C ookson .
10, p h ase  c o n tra s t .  X500.

11. Coronifera s p .  X450.
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Figure 9. P erid in ia les : E x o chosphaer id iaceae , H ystricho- 
sphaerid iaceae  , Areoligeraceae , C le is to sp h aer id iaceae  , System ato- 
pharaceae
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Genus H vstrichosphaerid lum  Deflandre 1937, em en d .
Davey and W illiam s 1966 

H ystrichosphaerid ium  c f , arundum E isenack  and Cdokson 1960a
F ig . 9 , n o . 2

S e lec ted  Synonymy

1960a H ystrichosphaerid ium  arundum E isen ack  and C ookson , p .  8 , PI.
3 , f ig .  7.

1966 H ystrichosphaerid ium  arundum E isenack  and Cookson; D avey 
and W il l ia m s , p . 70.

1971 H ystrichosphaerid ium  arundum E isen ack  and C ookson; D avey 
and V erd ier , p .  22.

1973 H ystrichosphaerid ium  arundum E isenack  and C ookson; Lent in 
and W il l ia m s , p .  73.

D e s c r ip t io n . Chorate d in o flag e lla te  c y s t , subdpherica l  in o u t

line; sp h e r ic a l  c en tra l  body bearing  numerous sh o rt ,  th ic k ,  cy lind rica l 

p ro c e s s e s ;  a l l  p ro c e s s e s  are ho llow , few flare at d i s ta l  t ip s ;  no c in -  

gulum or archeopyle  observed ; c y s t  w a ll  th in  and e a s i ly  w rinkled .

D im e n s io n s . D iam eter of 1 m easured  sp ec im en , 52 p.; c en tra l  

body d iam eter ,  35 pi.

O c c u rre n c e . One spec im en  w as found in the Frontier Formation 

(Cenomanian) from the Rawlins s e c t io n ,  not found in the Horse Creek 

s e c t io n .
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Genus L ithosphaeridium  D avev and W illiam s 19GR 
Lithosphaeridium  siphoniphorum (Cookson and Eisenack)

Davey and W illiam s 1966 
F ig . 9 , n o .  6

S e lec ted  Synonymy

1958 H ystrichosphaerid ium  siphoniphorum Cookson and E isen ack ,
p .  44, PI. 11, f i g s . 8 -1 0 .

1964 H ystrichosphaerid ium  siphoniphorum Cookson and E isenack; 
C ookson and H u g h es ,  p .  48, PI. 9 , f ig .  15.

1966 L ithosphaerid ium  siphoniphorum (Cookson and E isenack) Davey
and W il l ia m s , p .  80, PI. 7, f i g s . 7 ,8 .

1967 H ystrichosphaerid ium  siphoniphorum Cookson and E isenack ;
C larke and Verdier, p .  55, PI. 11, f i g s . 1 ,2 .

1969 L ithosphaerid ium  siphoniphorum (Cookson and E isenack) Davey
and W illiam s; D avey , p .  148, PI. 6, f ig s .  3 , 4 .

1973 Lithosphaerid ium  siphoniphorum (Cookson and Eisenack) Davey
and W illiam s; Lentin and W ill iam s,  p .  89 .

D e s c r ip t io n . Chorate d in o flag e lla te  c y s t ,  su b sp h e r ica l  in o u t

line; cen tra l  body sp h e r ica l ;  p ro c e s s e s  th ic k ,  c y l in d r ic a l ,  hollow , and 

open at d is ta l  end; cingulum  not observed ; c y s t  w a ll  f ine ly  granu lar .

D im e n s io n s . D iam eter of 2 m easured  spec im ens  , 38-40 p; 

c en tra l  body, 29-31 p .

O c c u rre n c e . This s p e c ie s  is  p re se n t  in the Frontier Formation 

(Cenomanian) in the Rawlins sec t io n ;  not found in the Horse Creek s e c 

t io n .



53

Genus O liqosphaerld ium  D avev and W illiam s 1966 
O liqosphaerid ium  complex (White) Davey and W illiam s 1966

F ig . 9 , n o .  3

S e lec ted  Synonymy

1966 O liqosphaerid ium  complex (White) D avey and W illiam s, p .  71 ,
PI. 7, f i g s . 1 , 2 , ;  p i .  10, f i g . 3 .

1967 O liqosphaerid ium  complex (White) Davey and W illiam s; Clarke
and V erdier, p .  53, PI. 11, f i g s . 1 0 ,1 1 .

1967 H ys trichosphaerid ium  com plex (White) Davey and W illiam s;
D rugg , p .  26, PI. 4 , f ig .  14.

1967 H ystrichosphaerid ium  com plex (White) Davey and W illiam s; 
M il l io u d , p . 164 .

1969 O liqosphaerid ium  com plex (White) D avev and W illiam s: D avey , 
p .  146, PI. 5, f i g s . 6 ,7 .

1971 O liqosphaerid ium  com plex (White) D avey and W illiam s; Davey 
and V erdier, p .  26.

1971 O liqosphaerid ium  com plex (White) D avey and W illiam s; Brideaux, 
p . 89.

1971 O liqosphaerid ium  complex (White) D avey and W illiam s; S ingh, 
p .  333, PI. 53, f i g s . 4 -6 .

1973 Oligoisphaeridium com plex (White) D avey and W illiam s; Lehtin
and W ill iam s ,  p .  99 .

1974 O liqosphaerid ium  com plex (White) D avey and W illiam s; Cookson
and E ise n a c k ,  p .  66,- PI. 29, f ig s .  1 -4 .

D e s c r ip t io n . Chorate d in o flag e lla te  c y s t ,  sp h e r ic a l  in ou tline ; 

c en tra l  body s p h e r ic a l ,  p o s s e s s in g  cy lin d rica l  to t ru m p e tlik e ,  d is ta l ly  

open p r o c e s s e s , each  p ro cess  co rresponds to  the cen te r  a rea  of a r e 

f le c ted  p la te ;  cingulum not observed ; archeopyle ap ic a l ;  c y s t  w all 

c o a rse ly  g ran u la r .

D im ensions . D iam eter of 5 m easured  sp e c im e n s ,  115-127 p; 

d iam eter of c en tra l  body , 54-63 p .

O c c u rre n c e . This sp e c ie s  is  found in s tra ta  of Albian to S an -  

ton ian  age in the s tudy  a r e a .
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Family E x o chosphaer id iaceae  Sarjean t and Downie 1966,
e m e n d . Sarjean t and Downie 1974

Type Genus Exochosphaeridium  D avey  and W illiam s 1966

Genus Exochosphaerid ium  D avey and W illiam s 1966 
Exochosphaerid ium  sp .

F ig . 9 , no . 1

D e s c r ip t io n . Chorate d in o flag e lla te  c y s t ,  su b sp h e r ica l  to 

sp h e r ica l  in ou tline ; p ro c e s s e s  num erous, s len d e r ,  tapering  d is ta l ly  to  

a fine p o in t ,  few b ifu rca te ;  c y s t  w a ll  th in  and g ranu la r .

D im e n s io n s . D iam eter of 5 m easured  spec im ens , 87-95 p; 

d iam eter of c en tra l  body , 67-74 p .

O ccurrence . The sp e c ie s  is  found in s t r a ta  of Genomanian to 

C on iac ian  age in the  s tudy  a r e a .
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Family System atophoraceae  Sarjean t and Downie 1974
Type Genus System atophora Klement 1960

Genus Coronifera Cookson and E isenack  1958 
Coronifera s p .
F ig . 9 , n o . 11

D e s c r ip t io n . Chorate d inoflageH ate  cy s t;  su b sp h e r ic a l  to 

sp h e rica l  cen tra l  body; c en tra l  body covered  w ith numerous fine hairlike  

p ro c e s s e s  w hich  tap e r  d is ta l ly  to fine p o in ts ;  p ro c e s s e s  do not appear to  

be jo ined  proxim ally ; e p i t ra c t .h a s  large an ta p ic a l  p ro c e ss  which tap e rs  

s l ig h tly  d is ta l ly  but f la re s  p u t  at extreme d is ta l  end; p ro c e ss  hollow; 

c y s t  w all  th in  and g ran u la r .

D im e n s io n s . D iam eter of cen tra l  body of 1 m easured  spec im en , 

48 p; length  of a n ta p ic a l  p ro c e s s ,  25 p .

O c c u rre n c e . One specim en w as recovered  from the Frontier 

Formation (Cenomanian) in the Rawlins s e c t io n .

1
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Genus D iphyes Cookson 1965 , em end. Davey and W illiam s 1966 
D iphves colligerum  (Deflandre and Cookson) Cookson 1965

F ig . 9 , n o s .  9 ,1 0

S e lec ted  Synonymy

1955 H ystrichosphaerid ium  colligerum  Deflandre- and C ookson , p .  278, 
PI. 7 , f ig .  3.

1961b H ystrichosphaerid ium  colligerum  Deflandre and Cookson; Cook
son and E is e n a c k ,  p .  44, PI. 2, f ig . 9 .

1965 D iphyes colligerum  (Deflandre and Cookson) C ookson , p .  86,
PI. 9 , f ig .  1 -1 2 .

'1965 H ystrichosphaerid ium  colligerum  Deflandre and Cookson; S tan ley , 
p .  231, PI. 24, f ig s .  7 , 8 .

1966 H ystrichosphaerid ium  colligerum  Deflandre and Cookson; M orgen-
ro th ,  p .  29, PI. 8, f i g s . 1 ,2 .

1966 D iphves colligerum  (Deflandre and Cookson) Cookson; D avey 
and W ill iam s, p .  96, PI. 4 , f i g s . 2 ,3 .

1973 Diphyes colligerum  (Deflandre and Cookson) Cookson; S tone, 
p .  57, PI. 8 , f ig s .  28 -29 .

D e s c r ip t io n . Chorate d in o flag e lla te  cy s t;  su b sp h e r ic a l  to

sp h e r ica l  c e n tra l  body; cen tra l  body covered  with numerous p ro c e s s e s ;

p ro c e s s e s  ta p e r  d is ta l ly  from a broad a ttachm ent b a s e ,  d is ta l  end blunt

and o c c a s io n a l ly  b ifu rca te ;  e p i tra c t  p o s s e s s e s  la rg e ,  ho llow , a n tap ica l

p r o c e s s .

D im e n s io n . C entra l body d iam eter of 5 m easured  sp e c im e n s , 

54-62 p ;  length  of a n ta p ic a l  p r o c e s s , 22-28 p .

O c c u rre n c e . This sp e c ie s  ranges  in from Albian to Cenom anian 

in the study a re a .
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Family C le is to sp h a e r id ia c e a e  Sarjean t and Downie 1974
Type Genus C le is to sp h aer id iu m  D avev and W illiam s 1966

G enus C le is to sp h aer id iu m  D avev and W illiam s 1966 
C le is to sp h aer id iu m  of. polypes (Cookson and E isenack) Davey 1969

Fig . 9 , n o . 7

S e lec ted  Synonymy

1962 H vstrlchosphaerid ium  recurvatum  su b sp .  po lypes  Cookson and 
E ise n a c k ,  p .  491; PI. 4 ,  f i g s . 11-13 .

1969 C le is to sp h ae r id iu m  polypes  (Cookson and E isenack) D avey , 
p .  154, p i .  6, f ig s .  7 ,8 .

D e s c r ip t io n . Chorate d in o flag e lla te  cy s t;  su b sp h e r ica l  cen tra l

body bearing  30-50 d i s ta l ly  c lo se d ,  hollow  p ro c e s s e s ;  p ro c e s s e s  ta p e r

d is ta l ly  to  a s ing le  po in t or are o c c a s io n a l ly  b ifu rcating ; c y s t  w all

m oderate ly  to s trong ly  g ran u la r .

D im e n s io n s . Entire c y s t  d iam eter of 3 m easured  sp ec im e n s ,

75-79 p ; cen tra l  body d iam eter ,  43-46  p .

. O c c u rre n c e . S pec ies  found in s tra ta  of Cenom anian to  C on i-

a c ia n  age in the Rawlins sec t io n ;  not found in the Horse Greek s e c t io n .
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Family A reo ligeraceae  Evitt 1963, e m e n d . Sarjean t and Downie 1974
Type Genus A reoligera L e ie u n e -C arp en tie r  1938

Genus Chiropteridium  Gocht 1960 
Chiropteridium  sp .

F ig . 9, no . 8

D e s c r ip t io n . Chorate d ino flage lla te  c y s t ,  sp h e r ic a l  to su b -  

sp h e r ica l  in ou tline ; sp h e r ica l  cen tra l  body covered w ith  cy lind rica l 

p ro c e s s e s  of a h igh ly  var iab le  nature; p ro c e ss  t ip s  f la r in g , b ifurcate  or 

t r i fu rca te ;  c y s t  w a ll  th ic k ,  s c a b ra te ,  u su a lly  folded or w rink led .

D im e n s io n s . Entire c y s t  d iam eter of 4 m easured  sp ec im e n s ,  

92-95 p ;  c en tra l  body d iam ete r ,  66-69 ^t.

O ccurrence . This: sp e c ie s  occurs  in s tra ta  of Turonian to 

C on iac ian  age in the Horse Greek sec t io n ;  not found in the Rawlins . 

s e c t io n .
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Genus C vclonephelium  D eflandre and CooksOn 1955, em en d .
Cook son and E isen ack  1962 

C vclonephelium  of. d is tinctum  D eflandre and C ookson 1955
F ig . 9 , n o .  5

S e lec ted  Synonymy

1955 Cvclonephelium  d istinc tum  D eflandre and C ookson , p p .  2 85 -286 , 
PI. 2, f ig ,  14.

1967 C vclonephelium  d istinc tum  D eflandre and Cookson; Clarke and 
Verdier, p .  22, PI. 1, f i g s . 6 , 7 .

1967 C vclonephelium  d istinc tum  D eflandre and Cookson; Drugg, p .
22, PL 3, f ig .  7.

1967 C vclonephelium  d istinc tum  D eflandre and C ookson: M illioud ,
P . 2, f ig .  13.

1969 Cvclonephelium  d istinc tum  D eflandre and C ookson; D avey , p .
166, PI. 11, f ig s .  6 -8 ,  10.

1969 , Cvclonephelium  d istinc tum  D eflandre and Cookson; M illioud,
p .  427, PI. 1, f ig .  7 .

1971 Cvclonephelium  d istinc tum  D eflandre and Cookson; Davey and 
Verdier, p .  17.

1971 Cvclonephelium  d istinc tum  D eflandre and C ookson; Cookson 
and E ise n a c k ,  p .  219, PI. 8 , f i g . 5.

1973 C vclonephelium  d istinc tum  D eflandre and C ookson; H arland,
p .  689, PI. 87 , f ig s .  1, 4 .

D e s c r ip t io n . Chorate d in o flag e lla te  c y s ts ;  su b sp h e r ic a l  to

sp h e r ica l  c en tra l  body; cen tra l  body covered  with d e n s e ly  spaced  p ro 

c e s s e s  w hich  are in te rco n n ec ted  d i s ta l ly .

D im e n s io n s . D iam eter of 1 m easured  sp ec im en , 77 p .

O c c u rre n c e . One specim en w as recovered  from the Frontier

Formation (Cenomanian) from the Rawlins sec tio n ; not found in the

Horse C reek  s e c t io n .
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Order Gym nodiniales S cM tt  1896 
Family D inogym niaceae S arjean t and Downle 1974 

Type Genus Dinoqymnium E vitt .  C la rk e . and Verdier 1967

Genus Dinoqymnium Evitt ,  C la rk e , and Verdier 1967 
Dinoqymnium acuminatum E v i t t , C la rk e , and Verdier 1967

F ig . .10, n o . 1

S e lec ted  Synonymy ,

1967 Dinoqymnium acuminatum E v i t t , C la rk e , and Verdier, p p . 8 -1 6 ,  
PI. 1, 2 , 3 , f ig s .  1 -8 ,  10, 12, 20.

1970 Dinoqymnium acuminatum E v i t t , C larke , and Verdier; Zaitzeff 
and C r o s s , p .  352.

D e s c r ip t io n . D ino f lage lla te  c y s t , b ico n ica l  in ou tline; numer

ous long itud inal fo lds  ex tend  from apex to  an tapex; cingulum prominent, 

d eep ,  b ro a d , and de lim ited  by two r id g e s ;  su lcus  w ell  developed; a rc h e -  

opyle a p ic a l ,  flap l i k e , u s u a l ly  rem ains a t tach ed ;  c y s t  w all th ick  and 

g ra n u la r .

. D im e n s io n s . Length of 5 m easured  sp e c im e n s ,  55-59 p; 

w idth 31-34 p .

O c c u rre n c e . This d is t in c t iv e  sp e c ie s  occurs  in s tra ta  of S an - 

ton ian  to Cam panian  age in the Rawlins sec t io n ;  not found in the.H orse 

Creek  s e c t io n .



Figure 10. GymnodiAiale s , P teromophetae

1. Dinogymnium acuminatum E vitt ,  C la rk e , and V erd ier. X650.

2. Dinogymnium n e lso n e n se  (Cooksdn) E v itt ,  C la rk e , and
Verdier. Phase c o n tra s t .  X550.

3. Dinogymnium w e s tra l ian  (Cookson and E isenack) E y i t t ,
C la rk e , and Verdier. Phase c o n t r a s t . X600.

4 .  P terosperm ella  au reo la ta  (Cookson and E isenack) E isenack
and Cram er. X 400.

5. P terosperm ella  au s tra i te n s  is  (Deflandre and Cookson)
E isen ack  and Cram er. X400.

6. P terosperm ella  eu ryp teris  (Cookson and Eisenack) E isenack
and C ram er. X400.

7 . P terosperm ella  har t i  (Sarjeant) E isenack  and C ram er. X400.
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Figure 10. G ym nodin ia les , Pteromophetae



Dinoqymnium n e lso n e n se  (Cookson) E v itt ,  C la rk e , and Verdier 1967
F ig . 10, n o . 2

S e lec ted  Synonymy

1956 Gvmnodinium n e lso n e n se  C ookson , p .  183, PI. 1, f ig s .  8 -1 1 .
1958 Gvmnodinium n e lso n e n se  C ookson: Cookson and E isen ack ,

p .  26, PI. 1, f i g . 8 .
1967 Gvmnodinium aff .  G . n e lso n e n se  Cookson; D rugg , p .  12, PI. 1 ,

f ig .  6.
1967 Dinoqymnium n e lso n e n se  (Cookson) Evitt,  C la rk e , and Verdier, 

p p .  2 1 -2 3 , PI. 3 , f ig s .  2 1 ,2 2 .
1970 Dinoqymnium n e lso n e n se  (Cookson) Evitt,  C la rk e , and Verdier;

Z aitzeff  and C r o s s , p .  352, PI. 4 , f ig .  35.
1973 Dinoqymnium n e lso n e se  (Cookson) E v it t ,  C la rk e , and Verdier; 

S tone , p .  50, p i .  2, f ig .  4 .

D e s c r ip t io n . D inoflageH ate  c y s t ;  b ico n ica l  w ith  wide su b -

eq u a to r ia l  cingulum dividing c y s t  into two unequal po r tio n s ;  ep itrac t

la rger  than  hypo trac t;  hypo trac t tap e rs  into a rounded t ip ; wide longi^-

tud ina l fo lds  on e p i tra c t  and hypotract; archeopyle a p ic a l ;  c y s t  w all

t h i n .

D im e n s io n s . Length of 2 m easured  spec im ens , 95-96  p; 

w id th ,  42-44  p .

O c c u rre n c e . S pec ies  is  r e s t r ic te d  to the M esaverde  Formation 

(Campanian) in the Rawlins sec t io n ;  not. found in the H orse Creek s e c 

t io n .
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Dinogymnium w e s tra l ia n  (Cookson and Eisenack)
E v itt ,  C la rk e , and Verdler 1967 

Fig „ 10, n o .  3

S e lec ted  Synonymy

1958 Gvmhodinium w e s tra l ia n  C ookson and E isen ack .  p .  25, PI. 1, 
f ig .  9 .

1967 Dinogymnium w e s tra l ia n  (Cookson and Eisenack) E v it t ,  C la rk e , 
and Verdler, p p .  23 -2 4 .

D e s c r ip t io n . D ino flage lla te  c y s t ;  b ico n ica l  w ith  narrow e q u a 

to r ia l  cingulum div id ing  c y s t  into two equa l portions; hypo trac t more 

rounded than  ep itra c t ;  long itud inal folds few , running full length of c y s t ;  

cy s t  w all th ic k ,  su b je c t  to folding .

D im ensions . Length of 4 m easured  s p e c im e n s , 42-46  ji; 

w id th , 27-31 p .

O c c u rre n c e . S pec ies  found in s tra ta  of C on iac ian  to  Santonian 

age in the Rawlins sec t io n ;  not found in the Horse C reek  s e c t io n .
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Group Acritarcha Evitt 1963 
Subgroup Pterom ophetae D ow nle , Ev itt ,  and S arjean t 1963 

Family P te ro sp e rm ellaceae  E isenack  1972 
Type Genus P terosperm ella  E isenack  1972

Genus P terosperm ella  E isenack  1972 
P terosperm ella  au reo la ta  (Cookson and Eisenack)

E isen ack  and Cramer 1973 
F ig .  10, n o .  4

S e lec ted  Synonymy

1958 P te rosperm opsis  au reo la ta  Cookson and E ise n a c k ,  p .  49, PI. 9 ,  
f i g s . 1 0 -1 2 .

1971 P terosperm opsis  au reo la ta  Cookson and E ise n a c k ,  Cookson and 
E is e n a c k ,  p .  22, PI. 10, f ig .  1 -3 .

1971 P terosperm opsis  au reo la ta  Cookson and E isenack ; Singh, p .  419,
PI. 77, f ig s .  7 -9 .

1972 P terosperm ella  au reo la ta  (Cookson and Eisenack) E isen ack .
p .  597.

1973 P terosperm ella  au reo la ta  (Cookson and E isenack) E isenack ;
E isen ack  and Cram er, p .  957.

D e s c r ip t io n . Acritarch c y s t ,  c ircu la r  in po lar  v iew ; cen tra l 

body c irc u la r ,  surrounded eq u a to r ia l ly  by an in fra re ticu la te  lam ella; 

cy s t  w all  th ick  and g ran u la r .

D im e n s io n s .. D iam eter of 5 m easured  sp e c im e n s ,  97-101 p; 

d iam eter of cen tra l  body , 57-60 p .

O c c u rre n c e . S pec ies  occurs  in  s tra ta  of Albian to  C oniacian  

age in the s tudy  a re a .
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Pterosperm ella  a u s tr a l ie n s is  (Deflandre and Cookson)
E isen ack  and Cramer 1973

Fig . 10, n o . 5

S e lec ted  Synonymy

1955 P terosperm opsis  a u s tr a l ie n s is  D eflandre and C ookson , p , 286,
PI . 3 , f i g . 4 .

1965 P terosperm opsis  a u s t r a l ie n s is  D eflandre and C ookson; Cookson 
and E ise n a c k ,  p .  222, PI. 10, f i g s . 4 -6 .

1971 P terosperm opsis  a u s tr a l ie n s is  D eflandre and C ookson; Brideaux, 
p .  75, PI. 21, f ig .  15.

1971 P terosperm opsis  a u s tr a l ie n s is  D eflandre and Cookson; Singh, 
p .  420, PI. 77 , f ig s .  1 1 ,1 2 .

1973 P terosperm ella  a u s tr a l ie n s is  (Deflandre and Cookson) E isenack
and Cram er, p .  959 .

1974 P terosperm ella  a u s t r a l ie n s is  (Deflandre and Cookson) E isenack
and Cramer; C ookson and E ise n a c k ,  p . 81, PI. 26, f ig . 5.

D e s c r ip t io n . Acritarch c y s t ,  c ircu la r  in po lar  view; cen tra l  

body c irc u la r ,  e n c a s e d  in a fo lded lam ellar  s tru c tu re ; lam ella r  w all 

th in ; cen tra l  body w all  th ic k ,  d en se ;  rad ius  of cen tra l body half  of to ta l  

rad ius  of c y s t .

D im e n s io n s . D iam eter of 5 m easured  s p e c im e n s , 34-37 p; 

d iam eter of cen tra l  body , 21-24 p .

O c c u rre n c e . S pec ies  r e s t r ic te d  to the M esaverde  Formation 

(Campanian) in the Rawlins sec tio n ; not found in the H orse Creek 

s e c t io n .  .
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P terosperm ella  euryp teris  (Cookson and E isenack)
E isen ack  and Cramer 1973 

F ig . 10, no . 6

S e lec ted  Synonymy

1958 P terosperm opsis  euryp teris  C ookson and E ise n a c k ,  p .  49, PI. 9 , 
fig s .  9, 13.

1961 P terosperm opsis  euryp teris  C ookson and E isenack : Alberti, p .
40, PI. 11, f ig .  10.

1971 P terosperm opsis  euryp teris  C ookson and E isenack ; Cookson 
and E ise n a c k ,  p .  222, PI. 10, f ig .  11.

1971 P terosperm opsis  eu ryp teris  Cookson and E isenack ; Singh, p .
421, PI. 78, f ig s .  1 -3 .

1973 P terosperm ella  euryp teris  (Cookson and E isenack) E isenack  and 
Cram er, p .  977.

D e s c r ip t io n . Acritarch c y s t ,  c ircu la r  in po lar  view; c ircu lar  

c en tra l  body e n c a s e d  in in fra re ticu la r  lam ella r  s truc tu re ; rad ius  of c e n 

t ra l  body le s s  th an  h a lf  of to ta l  rad ius  of c y s t .

D im ensions . D iam eter of 3 m easured  s p e c im e n s , 80-84 p; 

d iam eter of cen tra l  body, 30-33 p .

O ccurrence . S pec ies  occurs  in .s tra ta  of Albian to Santonian age 

in s tudy  a r e a .
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Pterosperm ella  har t i  (Saneant) E isen ack  and Cramer 1973
F ig . 10, n o . 7

S e lec ted  Synonymy

1960 P terosperm opsis  har t i  S a r je an t ,  p .  402, PI. 14, f i g . 16.
1971 P terosperm opsis  har t i  Sarjean t;  Singh, p . 423, PI. 78, f ig s .  4 -7 .
1973 P terosperm ella  harti  (Sarjeant) E isenack  and C ram er, p .  987.

D e s c r ip t io n . Acritarch c y s t ,  c ircu la r  in po lar  view; Central 

body C ircular, e n c a s e d  in a deep ly  folded in fra re ticu la te  lam ellar s t ru c 

ture ; rad ius  of cen tra l  body s lig h t ly  more th an  ha lf  of the  to ta l  rad ius  of 

c y s t .

D im e n s io n s . D iam eter of 5 m easured  s p e c im e n s ,  65-69 p; 

d iam eter of cen tra l  body , 35-39 p .

O c c u rre n c e . S pec ies  occurs  in s tra ta  of Albian to Santonian 

age in study a re a .
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7 Canningia colliveri
8 Pterospermella h a r t i
9 Astrocysta c re t  ace a

10 Cri broperidinium orthoceras
11 Pterospermella aureo/ata
12 Deffandreo  sp. I
13 Ovoidinium ostium
1 4  Pterospermella eurypteris
15 Coronifera sp.
16 Cyclonephelium cf. distinctum
17 Diphyes colligerum
IQ Palaeohystrichophora Sp. 2
19 Hystrichokolpoma cf. ferox
20 Hystrichosphaeridium cf. arundum
21 Spiniferites ramosus var. multi brevis
22 Cleistosphoeridium polypes

3  Li thos phaeridium siphoniphorum
4  Spiniferites ramosus var. ramosus
5 Palaeohystrichophora infusorioides

26 Australiella cooksoni
27 A. spectabi/is
28 Exochosphaerid ium sp.
29 Dinogymnium westralian
30 Spiniferites ramosus var. gracilis
3 1 5. varmae
32 Australiel I a verrucosa
3 3  Deflandrea e chi no idea
3 4  Dinogymnium acuminatum
35 Australiella victoriensis
36 Deflandrea acuminata
37 D. denticulate
38 D. sp. 2
39 Dinogymnium ne/sonense
40 Deflandrea sp. 3
4 1  D. macrocyst a
42 Pterospermella austra/iensis

LOWER CRETACEOUS

ALBIAN

THERMOPOLIS SHALE 
152 METERS

2 5 5 7 6 2 7 3 9 4 123 131 1 4 4 1 5 0

MOWRY SH. 
122 METERS

7 8 9 6 1 09 120

UPPER CRETACEOUS

CENOMANIAN TURONIAN CONIACIAN

F R O N T IE R  FO R M A TIO N  
267 METERS

10 2 0 2 8 6 0 6 3 7 3 110 123 135 140 1 50 198 2 0 3 222

10-

15

16

HORSE CREEK SECTION
WYOMING

17

2 5 ‘

2 3 0 265

CODY SHALE 
4 914 METERS

4 0 51 75 113 164 193

SYSTEM

STAGE

F O R M A T IO N  
FORMATION THICKNESS
M E T E R S  ABOVE F OR MA T I O N  BAS E

26'

1 Muderongia sp. I
2 OUgosphaeridium complex
3 Gonyaulacysta sp.
% Palaeohystrichophora  sp. I 
5 Canningia colliveri  
I Pterospermella harti 
? P. aureo/ata  
J Spinidinium vestitum 
3 Odontochitina operculata  
3 Ovoidinium ostium 
1 Cribroperi dinium orthoceras  
- Pterospermella eurypteris
* Diphyes colligerum
* Deflandrea  sp. I 
3 Astrocysta c r e ta c e a

"3 Pa!aeohystrichophora  sp. 2

17 Hystrichok o/pom a fe ro x
18 S p in ife r ite s  ram osus  var. ra m o su s
19 S. ram osus  var. m u/tibre vis
2 0  A ustra lie lla  cookson i
21 Exochosphaerid ium sp.
2 2  Pa!a e oh ystrichopho ra infu s orioides
23 Australiella victoriensis
2 4  Chiropteridium  sp.
25 Australiella spectabi/is  
2L6  DefIan drea echinoidea

FIGURE 4. MICROPLANKTON RANGE CHARTS W.c. S U L K O S K E ,  M. S.  T H E S I S  D E P A R T M E N T  OF G E O S C I E N C E S  19 7 5
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