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PALYNOLOGY OF VERMEJO FORMATION COALS (UPPER CRETACEOUS) IN THE
CANON CITY COAL FIELD, FREMONT COUNTY, COLORADO

CHAPTER I  

INTRODUCTION

T his p a ly n o lo g ic a l in v e s t ig a t io n  o f  th e  Vermejo Form ation 

c o a ls  (Upper C re taceo u s) was u n dertaken  w ith  th e  fo llo w in g  o b je c t iv e s  : 

( l )  to  id e n t i f y  and d e sc r ib e  th e  m ic ro fo s s i ls  re co v e red  from th e  

c o a ls ;  (2 ) to  e s ta b l i s h  b o ta n ic a l  a f f i n i t i e s  f o r  th e  i d e n t i f i e d  ta x a ; 

(3 ) to  determ ine w hether a  m ajor f l o r a l  change occurs betw een th e  

upper and low er c o a ls ;  (4 ) to  e v a lu a te  e c o lo g ic a l ly  th e  p a ly n o lo g ic a l 

assem blage f o r  env ironm enta l and c l im a t ic  d e te rm in a tio n s ; and ( 5 ) to  

a tte m p t an age d e te rm in a tio n  o f  th e  Vermejo Form ation by p a ly n o lo g ic a l 

a n a ly s is .  In  a d d i t io n ,  th e  Vermejo Form ation  m e g a fo ss il assem blage, 

d e sc r ib e d  by Khowlton in  191?> i s  compared w ith  th e  p a ly n o lo g ic a l 

assem blage d e sc rib e d  in  t h i s  s tu d y .

Couper (1953 ) and Cookson (1953 and 1959) have p u b lish e d  

pap ers  d e sc r ib in g  Upper C retaceous m ic ro fo s s i ls  from A u s t r a l ia  and 

New Z ealand. B o lk h o v itin a  (1953) has worked e x te n s iv e ly  w ith  Upper 

C retaceous c o a ls  o f  R u ss ia . European w ork, which has been  m ainly 

concerned  w ith  T e r t ia r y  c o a ls ,  a ls o  in c lu d e s  C retaceous s tu d ie s  by 

Ross (1949 ) ,  N ilsso n  (1958); K ru tzsch  (1 9 5 9 ), and P a d t o v a ' ( 1960 ).

R e la t iv e ly  few p a ly n o lo g ic a l p u b lic a t io n s  d e sc r ib in g  m icro ­

f o s s i l s  from upperm ost C re taceous d e p o s its  o f  N orth America a re
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a v a i la b le  f o r  assem blage com parisons. P ie rc e  ( 1961) ,  G root and Penny 

( i 9 6 0 ) ,  and G ro o t, Penny, and Groot (1961) a l l  deal w ith  C oniacian  o r  

o ld e r  Upper C retaceous d e p o s its .  Three p u b lic a tio n s  and one unpub­

l is h e d  M. S. t h e s i s ,  however, a re  concerned w ith  S an ton ian  o r  younger 

Upper C retaceous d e p o s its  o f  N orth America. These a re  R ad fo rth  and 

Rouse (195^)» Rouse (1957), Anderson ( 1960 ) ,  and Ames (l9 5 0 ) and th e  

p a ly n o lo g ic a l assem blages c o n ta in ed  th e re in  a re  compared w ith  th e  

assem blage o f  th e  Vermejo Form ation c o a ls .

The c o l le c te d  sam ples and m ic ro s lid e s  a re  s to re d  in  th e  

Oklahoma P a ly n o lo g ic a l C o lle c tio n  o f  th e  Oklahoma G eo lo g ica l S urvey , 

Norman, Oklahoma.
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CHAPTER I I  

STRATIGRAPHY 

In tro d u c tio n

The Vennejo Form ation was named by W. T. Lee in  1913 from 

th e  ty p e  exposure  in  Vermejo P ark , New Mexico (W ilm arth, 1938). The 

e a r l i e s t  r e p o r t  o f  co a l b e a r in g  s t r a t a  in  t h i s  a re a  i s  g iven  by th e  

1819  - 1820  M ajor S. H. Long E x p ed itio n  to  th e  Rocky M ountains. These 

c o a l beds were a ss ig n e d  to  th e  T e r t ia r y  by Hayden ( 1869 ) ,  C lark  (l873)> 

and Lesquereux ( 1873 ) . S tephenson , in  187L,was th e  f i r s t  to  a s s ig n  

a  C retaceous age to  th e  Vermejo Form ation and t h i s  was g ra d u a lly  

a cc e p ted  a f t e r  I 88I  when he r e f e r r e d  th e  c o a l beds o f  th e  Raton Mesa 

a re a  to  th e  Laramie Form ation. The Laramie Form ation was a ls o  u sed  

f o r  th e  s t r a t a  o f  th e  Canon C ity  Coal F ie ld  u n t i l  1913» Lee and 

lOiowlton (1917 ) p re s e n t a  more com plete accoun t o f  e a r ly  in v e s t ig a t io n s  

and  n o m en c la tu ra l problems to  t h a t  d a te . An Upper C retaceous age f o r  

th e  Vermejo Form ation i s  now g e n e ra lly  eigreed upon w ith  few e x c e p tio n s , 

f o r  exam ple, B artram  (1937) who a ss ig n e d  th e  Vennejo Fonnation  to  th e  

Lower T e r t i a r y .

Local S tra t ig ra p h y  

The Canon C ity  Coal F ie ld  ( th r e e  to  s ix  m ile s  wide and e lev en  

to  tw elve  m ile s  lo n g ) i s  lo c a te d  to  th e  e a s t  o f  th e  Wet M ountains and
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so u th  o f  Canon C ity  i r  Fremont County, C olorado. The f i e l d  is  

s t n i c t u r a l l y  lo c a te d  in  an asym m etric s y n c l in a l  b a s in  w ith  g e n tly  

d ip p in g  beds in  th e  e a s t  and s te e p ly  d ip p in g  beds in  th e  w est. The 

Vermejo Form ation i s  approx im ate ly  1 ,100 f e e t  th ic k  and  i s  uncon- 

form ably o v e r la in  by th e  Raton Form ation o f  T e r t i a r y  age and con­

form ably u n d e r la in  by th e  T r in id a d  Sandstone o f  C re taceous age.

Only th e  low er 600 to  700 f e e t  c o n ta in  c o a l beds and t h i s  i s  d iv id e d  

by th e  Rockvale san d sto n e  member in to  upper and low er c o a l b e a r in g  

zones. H i l ls  (1893 , p . 322) re p o r ts  as  many as 16 c o a l beds in  th e  

p ro d u c tiv e  zo n es , b u t  on ly  a  few a re  t r a c e a b le  f o r  any d is ta n c e  in  

th e  f i e l d .  Most o f  th e  c o a l b e d s , s h a le s ,  and san d s to n es  a re  

l e n t i c u l a r .

Lee and  Khowlton (1917 ) i l l u s t r a t e  a  number o f  s e c t io n s  

m easured in  th e  Canon C ity  Coal F ie ld  which g ra p h ic a l ly  show th e  

l i t h o lo g i e  v a r ia n c e  w ith in  th e  Vermejo Form ation . Because a l l  th e  

m ajor c o a l beds do n o t o ccu r in  a  s in g le  s e c t io n  i t  was n e ce ssa ry  

to  make a  g e n e ra l iz e d , com posite s e c t io n  o f  th e  V em ejo  Form ation 

to  show th e  r e l a t i v e  p o s i t io n  o f  th e s e  b ed s . The s e c t io n  was 

com piled from Washbume ( 19IO, p. 351) and  from f i e l d  work during  

th e  summers o f  i 960  and 1962 .

The T r in id a d  Sandstone i s  a  m assive b u f f  c o lo re d  m arine 

u n i t  ab o u t 50 to  100  f e e t  th ic k  t h a t  has a  c o n s ta n t l i th o lo g y  th ro u g h ­

o u t th e  co a l f i e l d .  The Raton Form ation i s  most p re v a le n t  in  th e  

w este rn  p a r t  o f  th e  c o a l f i e l d  where i t  re ach es  a  th ic k n e s s  o f  c lo s e  

to  500  f e e t  and c o n ta in s  many g r a n i te  co b b le s . To th e  e a s t ,  a t  th e  

W illiam sburg  s e c t io n  o f  Lee and Khowlton (1917); th e  fo rm atio n  i s  o n ly  

20  f e e t  th ic k  and  th e  sed im en ts a re  m ain ly  c o a rse  sands w ith  a  few
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f in e  p eb b les . These f a c ts  in d ic a te  th e  sedim ent sou rce  was n ear th e  

d e p o s it io n a l s i t e  and to  th e  w est.

F eet

Unconform ity a t  th e  base o f  th e  Raton 
Form ation

S andstone, b u f f ,  c o a rse r  a t  th e  to p  ..................... 250-500

S andstone, b u f f ,  s o f t ,  f r i a b l e
S h a le , g ra y , w ith  th in  co a l b e d s ...........................  125

B rookside c o a l bed (OPC 833)»

S andstone, b u f f ,  s o f t ,  f r i a b l e
S h a le , g ra y , few c o a l b e d s ........................................ 75-1^5

C handler c o a l bed 

S andstone, b u f f ,  th in
S h a le , g r a y .............................................................................30-^+0

Rockvale san d sto n e  member, b u f f ,  m assive . . 40-75

S h a le , g ra y , w ith  th in  c o a l b e d s ..............................20-30

Royal Gorge c o a l beds (OPC 8 3 1 ).

S andstone, b u f f ,  s o f t ,  f r i a b l e
S h a le , g r a y .............................................................................60-75

R ad ian t c o a l bed

S h a le , g ra y , w ith  th in  co a l b e d s ............................ 75-100

Magnet o r  Ocean Wave c o a l bed  
(OPC 830  and  OPC 918 ).

S andstone, b u f f ,  t h in  sh a le s  and  c o a l beds . 100-120

Nonac c o a l bed

S andstone, b u f f - b r o w n ...................................................... 30-50

Rockvale o r  B rew ster c o a l b e d  (OPC 919)*

S h a le , g r a y ...........................................................................  0 -4

T r in id a d  Sandstone

R e la tiv e  p o s i t io n s  o f  th e  Vermejo Form ation c o a l beds
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R egional C o rre la tio n

One o f  th e  keys to  c o r r e la t io n  o f  Upper C retaceous d e p o s its  

in  th e  Colorado a re a  i s  th e  th ic k n e ss  o f  th e  P ie r r e  S h a le . This 

u n i t  confonoehly  u n d e r lie s  th e  T r in id a d  Sandstone euid in c re a se s  in  

th ic k n e ss  to  th e  n o r th . In  th e  Raton Mesa Coal F ie ld  i t  i s  2 ,500  

f e e t  th ic k ,  in c re a se s  to  ab o u t 3 ,300 f e e t  th ic k  in  th e  Canon C ity  

a r e a ,  and to  5 ,500 f e e t  th ic k  in  th e  Denver B asin  (Weimer, 1959, 

p . l 4 ) .  The Fox H i l ls  Sandstone o f  th e  Denver B aain conform ably 

o v e r l ie s  th e  P ie r r e  S hale  and i s  th e  l i th o lo g ie  e q u iv a le n t o f  th e  

T r in id a d  S andstone. T his same r e la t io n s h ip  a p p lie s  to  th e  nonmarine 

Laramie and Vermejo fo rm a tio n s . While th ey  a re  l i th o lo g ie  eq u iv ­

a l e n t s ,  i t  i s  p ro b ab le  t h a t  th e y  a re  n o t tim e e q u iv a le n ts . T h ick e r 

sedim ents o f  th e  P ie r r e  S hale  in  th e  Denver B asin  su g g es t d e p o s it io n  

co n tin u ed  f o r  a  lo n g e r tim e in  t h i s  a re a  th a n  in  th e  Canon C ity  o r  

Raton Mesa a r e a ,  and  th a t  th e  se a  slow ly  r e t r e a t e d  northw ard  du ring  

Upper C retaceous tim e.



CHAPTER III

COLLECTIONS

Eleven s e c tio n s  o f  Vermejo Form ation c o a ls  were m easured 

and  channel sam ples c o l le c te d  during  th e  summers o f  1960 and 1962 . 

A ll samples tak en  from th e  s e c tio n s  were ch em ica lly  p ro cessed  and 

examined fo r  m ic ro fo s s i l  c o n te n t . F ive o f  th e se  s e c tio n s  were 

s e le c te d  f o r  t h i s  s tu d y  from th ro u g h o u t th e  c o a l-b e a r in g  zones o f  

th e  fo rm atio n . F ig u re  1 shows th e  l o c a l i t y  and a  g rap h ic  i l l u s t r a ­

t io n  o f  th e  s e c t io n s  s tu d ie d . Each s e c t io n  was a ss ig n e d  an O kla­

homa P a ly n o lo g ic a l C o lle c tio n  number (OPC) and each segment o f  th e  

ch annel sample a s s ig n e d  an a lp h a b e tic  d e s ig n a tio n , la b e le d  A, B,

C, e t c .  from th e  base  upw ards, acco rd in g  to  i t s  s t r a t ig r a p h ie  p o s­

i t i o n .

OPC 8 3 3 : W all in  s t r i p  p i t  p a r t  o f  underground m ine,
NE-̂  Sec. 2h ,  T. 20 S . ,  R. 70  W., Fremont 
County, C olorado. T h is c o a l bed  i s  e q u iv a le n t 
to  th e  B rookside c o a l bed.

L ith o lo g y  T hickness
F ee t Inches

S andstone, b u f f ,  th in  s h a le  p a r tin g s
n e a r  b a s e ..................................................15-20

C oal, w ea th ered , poor q u a l i t y ...........................  - -  6

S h a le , g ra y , sandy .................................................. — 11

7
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L ith o lo g y

C oal, upper 40 inches bony

K a o lin ite  ....................................

C oal, b itu m in o u s, b locliy

Thickness
F ee t

S h a le , brown, s o f t .

Sample No. L ith o lo g y

OPC 833  X c o a l

OPC 833  W * s h a le

OPC 833  V co a l

OPC 833  u co a l

OPC 833  T co a l

OPC 833  s s h a le

OPC 833  B * c o a l

OPC 833  Q c o a l

OPC 833  P co a l

OPC 833  0 c o a l

OPC 833  N * co a l - s h a le

OPC 833  M * c o a l - s h a le

OPC 833  L co a l

OPC 833  K co a l

OPC 833  J co a l

OPC 833  I c o a l

OPC 920 k a o l in i te

OPC 833  H c o a l

OPC 833  G c o a l

Inches
8U

3

2

iple th ic k n e ss P o s it io n

6 inches 11^3" - 149" above base

11 inches 132" - 143" above base

6 inches 126" - 132" above base

6 inches 120" - 126" above b ase

6 inches 114" - 120" above base

6 inches 108" - 114" above base

6 inches 102" - 108" above base

6 inches 9 6 " - 102" above base

6 inches 9 0 " - 9 6 " above b ase

6 inches 84" - 9 0 " above base

6 inches 7 8 " - 84" above b ase

6 inches 7 2 " - 7 8 " above b ase

6 inches 6 6 " - 7 2 " above b ase

6 inches 6 0 " - 6 6 " above b ase

6 inches 54" - 6 0 " above b ase

6 inches 48" - 54" above b ase

3 inches 4 5 " - 48" above b ase

3 inches 42" - ^5" above b ase

6 inches 3 6 " - 42" above b ase



Sample No. L itho logy Sample th ic k n e ss P o s it io n

OPC 833 F co a l 6 inches 30" - 3 6 " above base

OPC 833 E co al 6 inches 2k" - 3 0 " above base

OPC 833 D co al 6 inches 1 8 " - 2k" above base

OPC 833 C co a l 6 inches 12" - 18 " above base

OPC 833 B co al 6 inches 6" - 1 2 " above base

OPC 833 A co al 6 inches 0 " - 6" above base

Sample OPC 920 was c o l le c te d  in s id e  th e  e n tra n ce  to  th e  

mine whereas th e  OPC 833 sam ples were c o l le c te d  o u ts id e  th e  mine on 

th e  s t r i p  p i t  c u t. The a s t e r i s k s  n o ted  by sam ples OPC 833 W, R, N, 

and M in d ic a te  th a t  th e re  was a  v a r ia n c e  w ith in  each o f  th e s e  seg ­

ments and  t h e i r  l i th o lo g y  i s  shown in  g r e a te r  d e t a i l  below .

OPC 833  w
s h a le ,  g ra y , s o f t  

s h a le ,  b la c k , h a rd

6 inches 

5 inches

OPC 833 R c o a l ,  s h a ly , bony 6 ‘in ch es

c o a l ,  b locky 1^  inches
OPC 833  N s h a le ,  g ray  w ith

c o a l s t r in g e r s k^ inches

c o a l ,  b locky 1 in ch

OPC 833 M s h a le ,  g ray 2 inches

c o a l ,  bony 3 inches

A ll o th e r  sam ples d e s ig n a te d  as " c o a l" a re  a  good to  f a i r  

grade b itum inous c o a l.
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OPC 831 ; Wall o f  s t r i p  p i t ,  S5  Sec. 7 ,  T. 20 S . ,  R. 69 W., 
Fremont County, Colorado. T his c o a l bed  is  
p robab ly  e q u iv a le n t to  th e  Royal Gorge low er 
c o a l bed

L itho logy T hickness 
F ee t Inches

S h a le , gray-brow n, sandy 12 - -

C oal, b itu m in o u s , b locky -  — 28

S h a le , b la c k , carbonaceous. co a ly ---- 1&

S h a le , brown, f l o o r  o f  s t r i p  p i t -- 3

Sample No. L ith o lo g y  Sample th ic k n e ss P o s it io n

OPC 831 0 co a l 2 inches 2 6 " - 2 8 " above b ase

OPC 831 N c o a l 2 inches 24" -  2 6 " above base

OPC 831 M c o a l 2 inches 2 2 " - 24" above base

OPC 831 L c o a l 2 inches 2 0 " - 2 2 " above base

OPC 831 K c o a l 2  inches 18" -  2 0 " above base

OPC 831 J c o a l 2 inches 16" - 1 8" above base

OPC 831 I c o a l 2 inches 14" - 1 6" above base

OPC 831 H c o a l 2 inches 12" - 14" above base

OPC 831 G c o a l 2 inches 10" -  1 2 " above base

OPC 831 F co a l 2 inches 8" - 10" above base

OPC 831 E c o a l 2 inches 6" - 8" above b ase

OPC 831 D c o a l 2 inches 4" - 6" above base

OPC 831 C c o a l 2 inches 2" - 4" above b ase

OPC 831 B c o a l 2 inches 0" - 2" above b ase

OPC 831 A c o a ly  s h a le inches below  c o a l
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OPC 8 30 : Wall o f  s t r i p  p i t ,  Sec. 1 ,  T. 20 S . ,  R. 69 W.,
Fremont County, C olorado. T his co a l bed is  
p robab ly  th e  e q u iv a le n t o f  th e  Ocean Wave o r  
Magnet Mine c o a l seam.

L itho logy Thickness
Fee t Inches

S h a le , gray-brow n, iro n  s ta in e d ,  
gypsum s t r in g e r s 20 - -

S h a le , g ray 3 ------

C oal, b itu m in o u s, b locky -  - 52

S h a le , brown, l i g n i t i c ,  f lo o r  
o f  s t r i p  p i t -  - k

Sample No. L itho logy Sample th ic k n e ss P o s itio n

OPC 830 L co a l 4 inches 48" - 52" above base

OPC 830 K co al 4 inches 44" - 48" above base

OPC 830 J co a l ^ inches 40" - 44" above base

OPC 830 I co a l 4 inches 36" - 40" above base

OPC 830 H co a l 4 inches 32" - 36" above base

OPC 830 G co al 4 inches 28" - 32" above base

OPC 830 F co a l 4 inches 24" - 2 8 " above base

OPC 830 E co a l 4 inches 2 0 " - 24" above base

OPC 830 D co a l 4 inches 1 6 " - 2 0 " above base

OPC 830 C co a l 4 inches 12" - 16" above base

OPC 830 B co a l 4 inches 8 " - 1 2 " above base

OPC 830 A co a l 4 inches 4" - 8 " above base

OPC 830 AA co a l 4 inches 0 " _ 4" above base
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OPC 9 1 8 : Wall o f  abandoned mine e n tra n c e , NE^ Sec. 1 3 ,
T. 19 S . ,  R. 70  W., Fremont County, Colorado. 
T his c o a l bed  i s  e q u iv a le n t to  th e  Ocean Wave 
o r  Magnet Mine c o a l bed.

Lithology

Covered interval 

Shale, gray-brown 

Goal, bituminous, blocky

Thickness
Feet

10
Inches

10

3h

S h a le , brow n, s o f t 3

Sample No. L ith o lo g y Sample th ic k n e ss P o s it io n

OPC 918 K sbàiè;- 10 inches 0" - 10" above to p

OPC 918 J c o a l 6 inches 48" - 54" above b ase

OPC 918 I c o a l 6 inches 42" - 48" above b ase

OPC 918 H c o a l 6 inches 36" - 42" above base

OPC 918 G c o a l 6 inches 30 " - 36" above base

OPC 918 F c o a l 6 inches 24" - 30" above base

OPC 918 E c o a l 6 inches 1 8 " - 24" above b ase

OPC 918 D c o a l 6 inches 12" - 18" above base

OPC 918 C c o a l 6 inches 6 " - 12" above base

OPC 918 B c o a l 6 inches 0" -  6" above base

OPC 918 A s h a le 3 inches below c o a l

OPC 9 1 9 : Road c u t on C olorado Highway 11$, SW  ̂ Sec. 7»
T. 19 S. , R. 69  W. , Fremont County, C olorado. 
T h is c o a l b ed  i s  e q u iv a le n t to  th e  Rockvale o r  
B rew ster c o a l bed.
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L ltho logy T hickness 
F ee t Inches

S h a le , gray-brow n 10 —

S h a le , brown, l i g n i t i c -  - 18

C oal, w eathered , poor q u a l i ty -  — 6

S h a le , brown, l i g n i t i c , s o f t — — 2

Sample No. L ith o lo g y Sample th ic k n e ss P o s it io n

OPC 919  D s h a le 4 inches 0" - 4" above co a l

opc 919  c c o a l 3 inches 3" -  6" above base

OPC 919  B c o a l 3 inches 0" - 3 " above base

OPC 919  A s h a le 2 inches below c o a l

S ec tio n  OPO 919 has o n ly  s ix  inches o f  c o a l in  th e  ro ad  

c u t  where i t  was c o l le c te d .  However, in fo rm a tio n  from a  r e t i r e d  

m iner in d ic a te d  th a t  t h i s  same c o a l bed  th ic k e n s  to  th re e  o r  fo u r  

f e e t  100 y ards to  th e  so u th . Two abandoned mine e n tra n c e s  a re  b o th  

u n sa fe  to  e n te r  and  sam ples were c o l le c te d  from th e  ro a d  c u t.
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CHAPTER IV 

SAMPLE PREPARATION AND STUDY PROCEDURE 

P re p a ra tio n

L abora to ry  te ch n iq u es  employed in  t h i s  re s e a rc h  a re  e sse n ­

t i a l l y  th o se  o u t l in e d  by W ilson (1959a). Each sample vas crushed  

in to  sm all fragm ents and th o ro u g h ly  mixed. A f iv e -  to  ten-gram  

sample c u t vas p la c e d  in  a  p o ly e th y le n e  b e ak e r and covered  v i th  

5 2 -p e rc en t h y d ro f lu o r ic  a c id  f o r  10 to  15 h o u rs . S hales v e re  f i r s t  

t r e a t e d  v i th  h y d ro c h lo ric  a c id  to  remove th e  c a rb o n a te s , and th en  

t r e a t e d  v i th  h y d ro f lu o r ic  a c id .  R esidues v e re  vashed  s e v e ra l  tim es 

v i th  d i s t i l l e d  v a te r  to  remove excess a c id ,  th en  mixed v i th  an 

eq u al amount (by volume) o f  povdered  p o tassium  c h lo r a te ,  and covered  

v i th  c o n c e n tra te d  n i t r i c  a c id .  T his m ix tu re  vas p e rm itte d  to  s ta n d  

f o r  12 to  15 h o u rs . R esidues v e re  ag a in  vashed  s e v e ra l  tim es v i th  

d i s t i l l e d  v a te r  to  remove th e  a c id ,  and t r e a t e d  v i t h  a  s a tu r a te d  

s o lu t io n  o f  po tass iu m  c a rb o n a te  f o r  f iv e  to  te n  m in u tes . A f te r  

washing th e  re s id u e s  w ith  d i s t i l l e d  w a te r , and  c e n tr i fu g in g  s e v e ra l  

t im e s , each  p re p a ra t io n  was s ta in e d  w ith  S a fra n  in  0 . The re s id u e  was 

a llo w ed  to  s ta n d  f o r  a  few m in u te s , th en  vashed  and c e n tr ifu g e d  u n t i l  

th e  v a te r  was o n ly  s l i g h t l y  c o lo re d . Most o f  th e  re s id u e s  were th en  

s to re d  in  an  aqueous s o lu t io n  c o n ta in in g  a  few drops o f  a c e t ic  a c id  

as  a  p r e s e rv a t iv e .

15
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Samples from s e c tio n s  OPC 91Ô and OPC 919 were p rep a red  

f u r th e r  because th e re  was a  la rg e  amount o f  f in e  m a te r ia l  rem aining 

in  th e  re s id u e . Each re s id u e  was p la ce d  in  a  5OO ml b e ak e r, covered  

w ith  w a te r , and p la c e d  f o r  a  s h o r t  tim e ( f iv e  to  te n  seconds a t  m ost) 

in  th e  u l t r a s o n ic  g e n e ra to r . One to  two grams o f  Calgon were added 

a t  t h i s  p o in t and  th e  b eak e r f i l l e d  by a  v igorous s tream  o f  w a te r , 

th o ro u g h ly  m ixing th e  re s id u e . The re s id u e  was a llow ed  to  s e t t l e  

f o r  one hour and  th e  to p  one o r  two inches decan ted  o f f  w ith  a  U -tube 

s ip h o n . The b eak e r was f i l l e d  w ith  f r e s h  w ater and th e  re s id u e  ag a in  

th o ro u g h ly  m ixed. D ecanted m a te r ia l  was checked f o r  f o s s i l  c o n ten t 

and  d isca rd e d  i f  none was p re s e n t .  The above p ro cess  was re p e a te d  

s e v e ra l  tim es w ith  d ec rea s in g  tim e in te r v a l s  and s l i g h t l y  in c re a s in g  

th e  amount o f  m a te r ia l  decan ted . The f i n a l  d é c a n ta tio n  was made 

when a l l  th e  m a te r ia l  had s e t t l e d  to  th e  bottom  o f  th e  b eak e r in  

ab o u t 30 m inutes and th e  w a ter was c le a r .  The tim e to  com plete t h i s  

e x t r a  s te p  was more th an  j u s t i f i e d  by th e  c le a n e r  p re p a ra t io n  and 

th e  d ecreased  tim e to  make th e  m ic ro s lid e s .

F u r th e r  sam ple and  m ic ro s lid e  p re p a ra t io n  u sed  in  t h i s  s tu d y  

i s  o u t l in e d  by W ilson (1959b). One v a r ia t io n  in  th e  method was em­

p lo y ed  because S a fra n in  0 i s  more s o lu b le  in  th e  C le a rc o l mounting 

m edia th en  in  w a te r , and a  b le e d in g  e f f e c t  occurs when a  s ta in e d  sample 

i s  m ixed w ith  C le a rc o l. To combat t h i s  u n d e s ira b le  c o n d itio n  a  f l a t  

to o th p ic k  u sed  to  sp re ad  th e  sample in  C le a rc o l was f i r s t  d ipped in  a  

d i l u t e  s o lu t io n  o f  C lorox. T h is a c t io n  b le ac h e d  th e  background, b u t 

d id  n o t a f f e c t  th e  s ta in e d  f o s s i l s  to  any degree.

A t o t a l  o f  620  m ic ro s lid e s  was p re p a red  from th e  re s id u e s
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and 335 ( f iv e  from each sam ple) were u sed  in  t h i s  s tu d y .

Study P rocedure

The m ic ro s lid e s  were s tu d ie d  w ith  th e  a id  o f  an American 

O p tic a l M ic ro s ta r  compound b in o c u la r  m icroscope , u s in g  lOX W. F. 

o c u la r s ,  and lOX, U3X, and 97X o b je c t iv e s .  Each m ic ro s lid e  was 

exam ined by sy s te m a tic  t r a v e r s e s .  M ic ro fo s s ils  s e le c te d  fo r  pho to ­

g rap h in g  were r in g e d  w ith  g la s s  m arking in k . N o ta tio n s  marked on 

specim en s l id e s  inc ludecsam ple  number, s l i d e  number, and  r in g  number; 

i . e .  OPC 831 A-h-7- S e le c te d  specim ens were pho tographed  w ith  a 

L e itz  O rtho lux  m ic ro sco p e , u s in g  Adox KB-14 f ilm .

Assemblage coun ts were made a f t e r  th e  m ic ro fo s s i ls  had been 

photographed  and id e n t i f i e d .  A ll s l id e s  p re p a red  from each sample 

l e v e l  were employed to  in s u re  a  random sam pling . R e la t iv e  p e rc e n ts  

o f  th e  v a rio u s  sp e c ie s  in  each  sample were c a lc u la te d ,  and h istogram s 

were made o f  th e  dominant gen era .



CHAPTER V

PALEONTOLXY

The spo re  and p o lle n  assem blage o f  th e  Vermejo Form ation 

c o a ls  from Fremont County, C o lo rado , c o n s is t  o f  6h g en era  c o n ta in in g  

l i é  s p e c ie s .  F ive new gen era  and  71 new sp e c ie s  have been  d e sc r ib e d , 

b u t a r e  n o t a ss ig n e d  b in o m ia l names. In  a d d i t io n ,  fo u r  sp o re  ty pes 

and th r e e  p o lle n  ty p es  were d e sc r ib e d , b u t were n o t g iv en  s p e c i f ic  

ran k . Excluded from th e  above t o t a l  a r e  seven sp e c ie s  o f  Fungi im per- 

f e c ta e ,  two sp e c ie s  o f  m ic ro fo ra m in ife ra , and  one s p e c ie s  o f  H y strich o - 

s p h a e r id ia .

F o s s i l  p re s e rv a t io n  was e x c e l le n t  in  a l l  b u t a  few sam ples. 

The s h a le s  above and below  th e  c o a l from s e c tio n s  OPC 918 and OPC 919 

were com ple te ly  b a r r e n ,  and  sam ple OPC 918  H c o n ta in e d  so  few f o s s i l s  

t h a t  an assem blage d e te rm in a tio n  was n o t p o s s ib le .  Sample OPC 920 

c o n ta in e d  on ly  an abundance o f  p la n t  t i s s u e -

A c o n se rv a tiv e  approach  to  sy s te m a tic  taxonomy i s  u sed  in  

t h i s  d i s s e r t a t io n .  Specimens in  th e  Vermejo Form ation c o a ls  which 

a re  a s s ig n e d  to  p re v io u s ly  d e sc r ib e d  s p e c ie s  a re  t e n t a t i v e l y  i d e n t i f i e d  

by a  c f .  d e s ig n a tio n  because  specim ens from th e  o r ig i n a l  p re p a ra t io n  

were n o t examined. Most angiosperm ous p o l le n ,  in  p a r t i c u l a r ,  a re  

c l a s s i f i e d  in to  p u re ly  m orphologic g en era  and  a re  n o t a s s ig n e d  s p e c i f ic  

names, i . e .  T r ic o lp i te s  sp . D. Forms d e f in i t e ly  r e l a t e d  to  modern 

genera  a re  so a s s ig n e d  o n ly  when a  f o s s i l  occu rren ce  has been p re v -

18



19

io u s ly  re p o r te d  fo r  th e  genus.

The taxonomic arrangem ent used  in  th e  d i s s e r t a t io n  i s  

e s s e n t i a l ly  th e  m orphologic system  o f  R. P o to n ie ' and Kremp (1955 and 

1956 ) e la b o ra te d  by R. P o to n ie '(1956, 195Ô, and 1960 ). A sy s te m a tic  

arrangem ent o f  d isp e rse d  sp o re s  and p o lle n  i s ,  o f  n e c e s s i ty ,  m ainly 

a r t i f i c i a l  because p h y lo g e n e tic  a f f i n i t i e s  a r e  unknown o r  a re  in s u f ­

f i c i e n t l y  known.



SPORAE DISPERSAS

A ntetunna SPORITES H. P o to n i^ , 1Ô93

FUNGI IMPERFECTAE

FUNGUS SPORE SP. A 

P la te  I ,  f ig u re  1

Spores u n i c e l lu l a r ,  s p h e r ic a l ,  w a ll sm ooth, 2 .0  m icrons 

th ic k ,  pore  ty p e  germ inal a p e r tu r e ,  o v e ra l l  d iam e te r , 2 0 .0  to  UO.O 

m icro n s.

T y p ica l specim en: OPC 83O A-3-U. O v e ra ll d iam e te r , 2 5 .0

X 2 5 .0  m ic ro n s.

D iscu ssio n : T his s p e c ie s  i s  commonly found in  th e  Vermejo

Form ation c o a ls .

F ig u red  specim en: OPC 83O A -3-^.

FUNGUS SPORE SP. B 

P la te  1 , f ig u r e  2

Spores one ran k ed , in d iv id u a ls  c o n s is t  o f  f iv e  to  seven 

c e l l s ,  in d iv id u a ls  sometimes co n n ec ted , s e p ta t io n s  b id e n ta te ,  c e l l  

w a ll sm ooth, s l i g h t l y  convex, o v e r a l l  d im ensions, 1 8 .O - 2 5 .0  x k 5 .0  - 

55*0  m icrons.

D iscu ssio n : An in t e r e s t i n g  c h a r a c te r  co n cern in g  t h i s

sp e c ie s  i s  th e  f a c t  th e  in d iv id u a ls  a re  sometimes connec ted  to  one 

a n o th e r . Most o f  th e  specim ens o b serv ed , how ever, were n o t connected .

20
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T his sp e c ie s  occurs in f re q u e n tly  th roughou t th e  Vermejo Form ation 

c o a ls .

F igu red  specim en: OPC 833  M-1-5-

FUNGUS SPORE SP. C 

P la te  1 , f ig u r e  3 

Spores one ran k ed , in d iv id u a ls  c o n s is t  o f  te n  to  f i f t e e n  

c e l l s ,  te rm in a l c e l l s  rounded w ith  no a p p a ren t a p e r tu r e ,  s e p ta t io n s  

b id e n ta te ,  c e l l  w a ll sm ooth, s l i g h t l y  convex, o v e ra l l  d im ensions,

1 8 .0  -  2 5 .0  X 9 0 .0  - 1 2 5 .0  m icrons.

T y p ica l specim en: OPC 833  M -2-6. O v e ra ll d im ensions,

2 1 .0  X 1 0 2 .0  m icrons.

D iscu ssio n : Fungus Spore sp . C d i f f e r s  from Fungus Spore

sp . B in  th e  f a c t  t h a t  th e  in d iv id u a ls  a r e  in  no c ase  connec ted  and 

p o sse ss  a  g r e a te r  number o f  c e l l s .  The s p e c ie s  occu rs  r a r e ly  in  

th e  Vermejo Form ation c o a ls .

F ig u red  specim en: OPC 833 M-2-6.

FUNGUS SPORE SP. D 

P la te  1 , f ig u r e  5 

Spores one ran k ed , in d iv id u a ls  c o n s is t  o f  e ig h t  to  many 

c e l l s ,  s e p ta t io n s  b id e n ta te ,  c e l l  w a ll sm ooth, s id e s  s t r a i g h t ,  o v e r­

a l l  d im ensions, 2 5 .0  - 3 2 .0  x I 5O.O -  230 .0  m icrons.

T y p ica l specim en: OPC 830  G-1-3- O v e ra ll d im ensions,

2 8 .1  X 20 1 .5  m icrons.

D iscu ssio n : T his sp e c ie s  o c c u rre d  r a r e ly  in  th e  palyno-

lo g ic a l  assem blage.

F ig u red  specim en: OPC 830  G -I -3 .
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FUNGUS SPORE SP. E 

P la te  1 , f ig u r e  m- 

Spores one ran k ed , in d iv id u a ls  c o n s is t in g  o f  e ig h t  o r  more 

c e l l s ,  s e p ta t io n s  s im p le , c e l l  w a ll sm ooth, in v a g in a te d  a t  s e p ta t io n s ,  

o v e ra l l  d im ensions, 15 .O - 2 3 .0  x 115-0 - I 5O.O m icrons.

T y p ica l specim en: OPC 83O J-U-U. O v era ll d im ensions,

1 7 .0  X 1 3 5 .0  m icrons.

D iscu ssio n : The s p e c ie s  i s  a  s p a r s e  c o n s t i tu e n t  o f  th e

Vermejo Form ation c o a ls  p a ly n o lo g ic a l assem blage.

F ig u red  specim en: OPC 83O J-U-U.

FUNGUS SPORE SP. F 

P la te  1 , f ig u r e  6 

Spores b i lo c u la r ,  e l l i p t i c a l ,  s e p ta t io n  s im p le , c e l l  w all 

sm ooth, o v e r a l l  d im ensions, 2 3 .0  - 2 7 .0  x 3 8 .0  - 5O.O m icrons.

D iscu ssio n : T his sp e c ie s  occu rs  in f r e q u e n tly  in  a l l

s e c t io n s  o f  th e  Vermejo Form ation c o a ls .

F ig u red  specim en: OPC 83O G -k-1.

FUNGUS SPORE SP. G 

P la te  1 , f ig u r e  10 

Spores m u l t i c e l l u l a r ,  in d iv id u a ls  one ran k ed , b u t o ccu r in  

" c o lo n ie s " , s e p ta t io n s  s im p le , w a lls  betw een lin e a g e s  th ic k e n e d , some 

lin e a g e s  grow o b liq u e ly  to  o th e r s ,  o v e r a l l  d im ensions, 4 8 .0  to  6 5 .0  

m icro n s.

T y p ica l specim en: OPC 833 M -1-11. O v e ra ll d im ensions,

5 1 .0  X 5 6 .0  m icrons.
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D iscu ssio n : Only a  few specim ens o f  t h i s  fungus spore

type were observed  in  th e  p a ly n o lo g ic a l assem blage.

F ig u red  specim en: OPC 833 M-1-11.

Turma TRILETES R einsch , I 881  emend. R. P o to n ie 'a n d  Kremp, 195^ 

Subturma A z o n o tr ile te s  L uber, 1935

In fra tu rm a  L a e v ig a ti Bennie and K id s to n , I 886  emend.

R. Potonie"^ 1956

Genus SPHAGNUMSPORITES R a a tz , 1937 

Type s p e c ie s :  Sphagnum sporites s te r e o id e s  (R. P o to n ie  and V en itz ,

193L) R aa tz , 1937  

193k S p o r lte s  s te r e o id e s  R. Potonie'^and V en itz  (p . 1 1 , 

p i .  1 , f ig .  U).

1937 Sphagnum sporites s te r e o id e s  (R. P o tcn ie  and V e n itz , 

1934 ) R aatz (p . 9 , p i .  1 , f i g .  !<-).

SPHAGNUMSPORITES c f .  S. ANTIQUASPORITES 

W ilson an d  W ebster, 1946 

P la te  1 , f ig u re  8 

T his s p e c ie s ,  c h a r a c te r iz e d  by th e  r e l a t i v e l y  s h o r t  t r i l e t e  

r a y s , was f i r s t  d e sc rib e d  from th e  Paleocene F o r t  Union Form ation o f  

Vfyoming. S. c f .  S. a n t iq u a s p o r i te s  occurs in  m oderate abundance in  

th e  Vermejo Form ation c o a ls .

A f f in i ty :  R e la te d  to  th e  fam ily  Sphagnaceae.

F ig u red  specim en: OPC 833 M-5-4.
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SPHAGNTJMSPORTTES c f .  S. AUSTRALIS (Cookson, 19^7)

R. Potcn ië^  195^

P la te  1 , f ig u r e  9 

19^7 T r i l i t e s  a u s t r a l i s  Cookscn (p . I 36 , p i .  15> f ig s .

58 -  59 ).

1953 S p h ag n ites  a u s t r a l i s  (Cookson, 19^7) Cookson

(p. U6 3 ).

1953 S ph ag n ites  a u s t r a l i s  forma c ra s s a  (Cookson, 19^7) 

Cookson (p . kSk,  p i .  1 , f i g s .  2 - 4 ) .

1956 Sphagnum sporites a u s t r a l i s  forma c ra s s a  (Cookson, 

1953 ) R. P o ton ie ', 1956 (p . 1 7 ).

D iscu ssio n : The few specim ens ob serv ed  from th e  Vermejo

Form ation c o a ls  a re  r e f e r a b le  to  C ookson's forma c ra s s a  o f  S p hagn ites  

a u s t r a l i s . D ro zh astch ich  ( 196I ,  p . l 4 ,  p i .  XLVIII, f i g .  7 ) i l l u s ­

t r a t e d  an  id e n t ic a l  form w ith  th o se  found in  t h i s  s tu d y .

A f f in i ty :  R e la te d  to  th e  fam ily  Sphagnaceae.

F ig u red  specim en: OPC 833  F - l - k .

SPHAGNUMSPORITES c f .  S. PSILATUS (R oss, 19L9 ) Couper, I 958

P la te  1 , f ig u r e  7 

19^9 T r i l i t e s  p s i l a tu s  Ross (p . 32 , p i .  1 , f i g .  12 ).

1958 Sphagnum sporites p s i l a tu s  (R oss, 19^9) Couper 

(p . 1 3 1 , P l .  1 5 , f i g s .  1 - 2 ) .

D iscu ssio n : T h is s p e c ie s  was f i r s t  re p o r te d  from  th e  Upper 

C retaceous (p o s t-S en o n ian ) o f  Sweden. S. c f .  S. p s i l a tu s  d i f f e r s  

from S. c f .  S. a n t iq u a s p o r i te s  in  th e  lo n g e r  t r i l e t e  ra y s  and in  th e
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th ic k e r  sp o re  v a i l .  I t  occurs in  m oderate abundance th roughou t th e  

Vermejo Form ation c c a ls .

A f f in i ty :  R e la te d  to  th e  fam ily  Sphagnaceae.

F ig u red  specim en: OPC 831 A-3-2 .

Genus DELTCIDOSPCRA M iner, 1935 emend. R. P o tcn ie ', 1956 

Type s p e c ie s :  D e lto id o sp o ra  h a l l i  M iner, 1935 (p- 6 1 8 , p l .  2k,

f i g s . , T - 8 ).

DELTOIDOSPORA c f .  D. HALLI M iner, 1935 

P la te  1 , f ig u r e  11 

D iscu ssio n : Spores o f  D. c f .  D. h a l l i  make up an im portan t

p e rcen tag e  o f  th e  p a ly n o lo g ic a l assem blage from th e  Vermejo Form ation 

c o a ls ,  and  th e  sp e c ie s  occu rs  in  a l l  sam ples.

A f f in i ty :  P robably  r e l a t e d  to  th e  fam ily  G le ich en iaceae .

M iner (1935, P. 618 ) r e l a t e d  t h i s  sp o re  to  th e  M esozoic fe rn  genera 

G le ic h e n i te s , G le ic h e n io p s is , and  L a c c o p te r is .

F ig u red  specim en: OPC 833 0 -3 -4 .

DELTOIDOSPORA SP. A 

P la te  1 , f ig u r e s  I 3 -  114- 

Spores t r i l e t e ,  r a d i a l ,  e q u a to r ia l  co n to u r t r i a n g u la r  to  

rounded t r i a n g u la r ,  t r i l e t e  s im p le , la e s u ra e  tv o - th i r d s  sp o re  r a d iu s ,  

ex ine  2 .0  to  3*0 m icrons th i c k ,  s l i g h t  i n t e r r a d i a l  th ic k e n in g , o v e r­

a l l  d im ensions, 33*0  to  42 .0  m icrons.

T y p ica l specim en: OPC 833 M-1-9* O v e ra ll d im ensions,

4 l.O  X 4 l.O  X 4 l.O  m icrons.
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D iscu ssio n : Spores o f  t h i s  ty p e  a re  h e re  p la c e d  in  th e

genus D e lto id o sp o ra  r a th e r  th an  in  th e  genus L e io t r i l e t e s  Naumova,

1937 emend. R. P o ton ie^and  Kremp, 195^> as  d iscu ssed  by BharadwaJ 

and V enkatachala ( 196I ,  p . 19 -20). L e io t r i l e t e s  a d r ie n n ifo rm is , in  

N ilsso n  (1958 , p . 3 1 ) i s  a lm ost id e n t ic a l  w ith  t h i s  d e sc r ib e d  s p e c ie s .

D. sp . A p o sse sse s  a  th ic k e r  ex ine  and has more rounded a p ic e s  th an  

does D. c f .  D. h a l l i .

A f f in i ty :  P o s s ib ly  r e l a t e d  to  th e  fam ily  G le ich en iaceae .

F ig u red  specim ens: OPC 833 M-1-9 and OPC 83 I  0 -5 -1 .

Genus CYATHIDITES Couper, 1953 

Type s p e c ie s :  C y a th ld ite s  a u s t r a l i s  Couper, 1953 (P* 27 , p l .  2

f ig s .  11 - 1 2 ).

CYATHIDITES c f .  C. MINOR Couper, 1953 

P la te  1 , f ig u re s  17  , 19

D iscu ssio n : Couper (1953, P* 2 7 ) d e sc r ib e d  t h i s  genus as

p o sse ss in g  on ly  concave s id e s ,  and r e l a t e d  th e  sp e c ie s  to  C o n io p te ris  

hym enophylloides (B ro n g n ia r t, I 8 2 8 ) Seward, I 9OO. However, in  1958 

(p l .  2 0 , f i g s . ,  5 - 7 ) Couper i l l u s t r a t e d  sp o res  o f  t h i s  sp e c ie s  w ith  

s t r a i g h t  to  s l i g h t l y  convex s id e s .  The sp o re s  found in  th e  Vermejo 

Form ation c o a ls  p a ly n o lo g ic a l  assem blage e x h ib ite d  a  g ra d a tio n  between 

concave, s t r a i g h t ,  and  convex s id e s ,  and a re  h e re  a l l  in c lu d e d  in  th e  

genus C y a th id i te s . Most o f  th e  specim ens observ ed  d id , however, p o ssess  

concave s id e s .  C. c f .  C. m inor i s  an im p o rtan t c o n s t i tu e n t  o f  th e  

p a ly n o lo g ic a l assem blage. I t  o c cu rred  in  a lm o st a l l  sam ple segments 

and a t t a in e d  a  maximum abundance in  th e  low er p a r t  o f  s e c t io n  OPC 83O.
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A ff in i ty :  Couper (1958, p . 139) s t a t e d  t h a t  th e  d isp e rse d

spores a lm ost c e r ta in ly  be lo n g  to  th e  M esozoic cyatheaceous o r  d ick - 

son iaceous fe rn s .

F ig u red  specim ens: OPC 831 A-6-1 and OPC 83O AA-I-7 .

Genus MATONISPORITES Couper, 1958 

Type sp e c ie s :  M a to n isp o rite s  p h le b o p te ro id e s  Couper, 1958 (p . l4 0 ,

p l .  2 0 , f i g .  1 5 ).

MATONISPORITES c f .  M. EQUIEXINOUS Couper, I 958  

P la te  1 , f ig u r e  I 8 

D iscu ssio n : M. equ lex inous vas f i r s t  d e sc rib e d  from th e

J u r a s s ic  and Lower C retaceous o f  G reat B r i t a in .  I t  i s  a  r a r e  spo re  

ty p e  in  th e  Vermejo Form ation c o a ls .

A f f in i ty :  P robab ly  r e l a t e d  to  th e  f e rn  fam ily  M atoniaceae.

F ig u red  Specimen: OPC 83O C -2-6 .

Genus GLEICHENIIDITES R oss, 19^9 emend.

D e lco u rt and  Sprum ont, 1955 

Type sp e c ie s :  G le ic h e n i id i te s  senon icus R oss, 19^9 emend. D e lco u rt

and  Sprum ont, 1955 

19^9 G le ic h e n i id i te s  senon icus Ross (p . 3I ,  p l .  1 , f i g s .  3 - k) .

1955 G le ic h e n i id i te s  senon icus R oss, 19^9 emend. D e lco u rt

and  Sprumont ( p . 2 6 ).

GLEICHENIIDITES SP. A 

P la te  1 , f ig u r e s  12 , 16 

Spores t r i l e t e ,  r a d i a l ,  o u t l in e  t r i a n g u la r ,  t r i l e t e  s im p le .
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re a ch in g  o r  a lm ost re ach in g  th e  e q u a to r , kyrtom e d i s t i n c t ,  s id e  s t r a i g h t  

to  concave, ex in e  smooth, abou t 1 .0  m icron th ic k ,  o v e ra l l  d ia m e te r ,

2 3 .0  to  3 3 .0  m icrons.

T y p ica l specim en: OPC 910 C-5-7* O v e ra ll d iam e te r ,

2 5 .0  X 2 5 .5  X 2 5 .5  m icrons.

D iscu ssio n : G. sp . A i s  one o f  th e  more common sp e c ie s  in

th e  Vermejo Form ation c o a ls  and i s  p re s e n t in  a lm ost a l l  th e  sam ples 

s tu d ie d .

A f f in i ty :  P robably  r e l a t e d  to  th e  modem fe rn  genus

G le ic h e n ia .

F ig u red  specim ens: OPC 910 C-5-7 and OPC 833  A -I-5 .

GLEICHENIIDITES SP. B 

P la te  1 , f ig u r e  15 

Spores r a d i a l ,  t r i l e t e ,  o u t l in e  rounded t r i a n g u la r ,  la e s u ra e  

ex ten d  a lm ost to  e q u a to r , kyrtom e concave and connec ts  around a p ic e s  

o f  la e s u ra e ,  kyrtom e 2 .0  to  3*0 m icrons w ide , ex in e  sm ooth, 1 .0  

m icron th ic k ,  o v e r a l l  d ia m e te r , 35-0 to  4 5 .0  m icrons.

T y p ica l specim en: OPC 83O F -1 -6 . O v e ra ll d iam e te r ,

3 8 .0  X  30-0 X  4 0 .0  m icrons.

D iscu ssio n : N ils so n  ( 1950 , P l-  1> f i g s .  12 -  I 3 ) i l l u s t r a t e d

a  s im i la r  sp o re  ty p e , Concavispor i t e s  t o r a l i s  (L esch ik , 1955) N ils so n , 

1950 , from th e  Upper T r ia s s ic  R h ae tic  o f  Sweden. B o lk h o v itin a  and 

Kotova (1963 , p l .  1 , f i g .  12, and  p l .  3^ f i g .  10) r e l a t e  a  morph­

o lo g ic a l ly  s im i la r  form to  th e  genus P h le b o p te r is , a  M esozoic f e rn .

The s p e c ie s  i s  a  m inor spo re  tj-ite in  th e  Vermejo Form ation

c o a ls  .

A f f in i ty :  P o ss ib ly  r e l a t e d  to  the  M esozoic f e rn  genus
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P h le b o p te r is , c o n s id e re d  by Couper (l958> P* l l 6 )  to  be long  to  th e  

fam ily  M atoniaceae. I t  i s  a ls o  p o s s ib le  th e se  d isp e rse d  spores 

belong  to  th e  fam ily  G le ich en iaceae .

F igu red  specim en: OPC 83O F -1 -6 .

Genus LYGODIllMSPORITES R. Potonië^, Thomson, and 

T h ie rg a r t ,  1950 emend. R. Potonie^, 195^

Type s p e c ie s : Lygodlum sporites a d r ie n n is  (R. P o tonld^and G e l le t ic h ,

1933 ) R» Potonie^, Thomson, and  T h ie rg a r t ,  1950 

1933 P u n c ta t is p o r i te s  a d r ie n n is  R. Po ton ie^and  G e lle t ic h  

(p. 521 , p l .  2 , f ig .  14 ).

1950 Lygodlum sporites a d r ie n n is  (R. Potonie'^and G e l le t ic h ,  

1933 ) R- Potonie"^ Thomson, and  T h ie rg a r t  (p . 4-5,

p l .  A, f i g .  7 , and p l .  C, f i g .  2 ) .

LYGODIUMSPORITES c f .  L. ADRIENNIS (R. P o to n ie 'a n d  

G e l le t ic h ,  1933) R. P o to n ie ' Thomson, and T h ie r g a r t ,  1950

P la te  2 , f ig u r e  2

D iscu ssio n : F o s s i l  sp o re s  a s c r ib e d  to  th e  genus T r ip la n o -

s p o r i te s  P flu g , 1953 (see  Thomson and P f lu g , 1953 and  K ru tz sch , 1959) 

a re  b a sed  on fo ld e d  specim ens. De Ac (1959) has shown, th rough  exp­

e r im e n ta tio n  w ith  sp o re s  o f  modem Lygodium, t h a t  th e s e  fo ld s  a re  

produced by com paction and a re  n o t good c r i t e r i a  o f  a  g e n e ric  c h a r a c te r .

L. c f .  L. a d r ie n n is  i s  one o f  th e  m ajor sp o re  ty p es  in  th e  

p a ly n o lo g ic a l assem blage o f  th e  Vermejo Form ation c o a ls .  I t  i s  p r e s ­

e n t in  a l l  sample le v e l s  and i s  th e  dom inant sp e c ie s  in  some o f  th e

m iddle le v e ls  o f  s e c tio n s  OPC 918  and OPC 83O.
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A ff in i ty :  R e la te d  to  th e  modern genus lygodium .

F ig u red  specim en: OPC 918 D-3-3*

Genus CALAMOSPORA Schopf, W ilson , and B e n ta l l ,  1944 

Type sp e c ie s :  Calamospora h a rtu n g ian a  S chopf, 1944 in  Schopf,

W ilson, and B e n ta l l ,  1944 (p . 51> f ig .  l ) .

CALAMOSPORA c f .  C. MESOZOICA Couper, I 958  

P la te  2 , f ig u r e  1 

D iscu ssio n : C. m esozoica vas f i r s t  d e sc rib e d  from th e

Lower and  M iddle J u r a s s ic  o f  G reat B r i ta in .  I t  i s  a  r a r e  spore  

ty p e  in  th e  p re s e n t sam ples.

A f f in i ty :  Couper (1958, p . 132) s t a t e d  t h a t  t h i s  sp ec ie s

i s  p o s s ib ly  r e l a t e d  to  th e  e q u is e ta le a n  N eocalam ites n a th o r s t i  Erdtman. 

F ig u red  specim en: OPC 83I  A -1-6.

Genus TOBISPORITES C ouper, 1958 

Type s p e c ie s :  T o d isp o r i te s  m ajor C ouper, 1958 (p . 134, p l .  1 6 ,

f i g .  6 ) .

TODISPORITES c f .  T. MINOR Couper, I 958  

P la te  2 , f ig u r e  6 

D iscu ssio n : Couper (1958, p . 134 -  135) d e sc r ib e d  two

sp e c ie s  o f  T o d isp o r i te s  (T. m ajor and T. m in o r) from th e  J u ra s s ic  

o f  G rea t B r i ta in .  The main c r i t e r i a  f o r  c r e a t in g  th e  two sp ec ie s  

was a  bim odal frequency  cu rve  p lo t te d  from  o v e r a l l  s i z e  d a ta . A s iz e  

frequency  curve p lo t t e d  from  specim ens in  th e  Vermejo Form ation c o a ls  

showed on ly  one sp e c ie s  to  be p re s e n t .  The s iz e  range o f  th e se  

specim ens o v e rla p  th e  s i z e  range  o f  C ouper' s  two s p e c ie s ,  b u t th e
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m a jo r ity  f a l l  w ith in  th e  T. m inor s iz e  range  and t h i s  s p e c i f ic  name 

i s  used .

T. c f .  T. m inor o ccu rs  in f re q u e n tly  in  th e  low er c o a ls  o f  

th e  Vermejo Form ation.

A f f in i ty :  Comparable to  sp o res  o f  th e  modem genus T o d i te s ,

a  member o f  th e  fam ily  Osmundaceae.

F ig u red  specim en: OPC 83O 1-2-7*

TODISPORITES c f .  TODITES UNDANS (B ro n g n ia r t)  H a r r is ,  1937

P la te  2 , f ig u r e  3

D iscu ssio n : The specim ens found in  th e  Vermejo Form ation

c o a ls  a re  a lm o st id e n t ic a l  to  th e  sp o res  d e sc r ib e d  by Couper ( 1958 , 

p. 108 , p l .  16 , f ig .  3 ) a s  T o d ite s  und an s . They a re  h e re  in c lu d e d  

under th e  f o s s i l  genus T o d is p o r i te s . I t  i s  a  r a r e  c o n s t i tu e n t  and 

occurs in  o n ly  th r e e  le v e ls  from  d i f f e r e n t  sam ples.

A f f in i ty :  Comparable to  sp o res  o f  th e  modem genus T o d i te s ,

a  member o f  th e  fam ily  Osmundaceae.

F ig u red  specim en: OPC 833 W-2-1.

Genus LESCHIKISPORIS R. P o to n ie ' I 958  

Type s p e c ie s :  L e sc h ik isp o r is  aduncus (L esch ik , 1955) R* P o ton ie ', 1958

1955 Punctato s p o r i te s  aduncus L esch ik  (p . 27 ; p l .  3 , f i g .  17)* 

1958 L e sc h ik isp o r is  aduncus (L esch ik , 1955) R* P o to n ie '

(p . 18 , p l .  1 , f i g .  9 ).

This genus was e s ta b l i s h e d  f o r  la e v ig a te  sp o res  w ith  asym­

m e tric  t r i l e t e  m arks.
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LESCHIKISPORIS c f .  L. ADUNCUS (L esch ik , I 9 5 5 ) R. P o ton ié ', I 958

P la te  2 , f ig u re  k 

D iscu ssio n : Most o f  th e  specim ens found in  th e  Vermejo

Form ation c o a ls  a re  s l i g h t l y  l a r g e r  th an  th e  s iz e  range o r ig in a l ly  

n o ted  by L esch ik . T his d if f e r e n c e  is  c o n s id e re d  m inor and a  new 

sp e c ie s  i s  n o t e s ta b l is h e d  m erely  because o f  t h i s  v a r ia n c e .

L. c f .  L. aduncus i s  found r a r e ly  from th e  c o a ls  s t r a t i -  

g ra p h ic a lly  low er th an  s e c t io n  OPC 8 33 .

A f f in i ty :  L eschik  (1955, P* 2?) s t a t e d  t h a t  th e  b o ta n ic a l

a f f i n i t y  o f  t h i s  sp e c ie s  i s  w ith  th e  fam ily  P o lypod iaceae .

F ig u red  specim en: OPC 83I  A-3-15*

In fra tu rm a  A p ic u la t i  B ennie and K id s to n , I 886 emend.

R. Potonie?', 1956

Genus GRANULATISPORri'fS Ib rah im , 1933 emend.

R. Potonie"^ and Kremp, 195^

I ^ e  s p e c ie s :  G ra n u la t is p o r i te s  g ra n u la tu s  Ib rah im , 1933 (p- 22 ,

p l .  6 , f i g .  5 1 ) .

GRANULATISPORITES SP. A 

P la te  2 f ig u re  5 

Spores t r i l e t e ,  r a d i a l ,  o u t l in e  rounded t r i a n g u la r ,  l a e ­

su rae  tw o -th ird s  sp o re  r a d iu s ,  ex in e  1 .0  to  I .5  m icrons th ic k ,  f in e ly  

g ra n u la r ,  o v e r a l l  d im ensions, 3 2 .0  to  4 7 .0  m icrons.

T y p ica l specim en: OPC 833 W-3-21. O v e ra ll d im ensions,

3 5 .7  X 42.1  X 4 5 .9  m icrons.
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D iscu ssio n : T his sp e c ie s  is  a  m inor f l o r a l  elem ent o f

th e  Vermejo Form ation c o a ls .

A f f in i ty :  P robably  f i l i c i n e a n .

F igu red  specim en: OPC 833 W-3-21.

Genus VERRUCOSISPORiTES Ib rah im , 1933 emend.

R. P o ton ie^and  Kremp, 195^

Type s p e c ie s :  V e rru c o s is p o r ite s  v e rru co su s  (Ib rah im , 1932)

Ib rah im , 1933

1932 S p o ro n ite s  v e rru co su s  Ib rah im  in  P o ton ie^  Ib rah im , and 

Loose (p . p l .  1 5 , f i g .  1 7 )

1933 V e rru co s i- s p o r l te s  v e rru co su s  (Ib rah im , 1932)

Ibrahim  (p . 25 , p l .  2 , f i g .  I?)*

VERRUCOSISPORITES c f .  V. ASYMMETRICUS (Cookson and 

Dettmann, 1958) Pocock, I 962 

P la te  2 , f ig u r e  7

1958 A p ic u la t is p o r i te s  asym m etricus Cookson and  Dettmann 

(p . 1 00 , p l .  14 , f i g .  1 1 ).

1962 V e rru c o s is p o r ite s  asym m etricus (Cookson and Dettm ann, 

1958 ) Pocock (p . 5 6 , p l .  8 , f i g s .  124-126).

D iscu ssio n ; V. asym m etricus vas f i r s t  d e sc r ib e d  from th e  

Lower C retaceous o f  A u s t r a l ia  and  th e  specim ens found  h e re  compare 

fa v o ra b ly  w ith  th e  o r ig in a l  d e s c r ip t io n .  The s p e c ie s  was observed  

in  a l l  s e c t io n s  ex cep t OPC 83 I ,  b u t i s  o n ly  a  m inor c o n s t i tu e n t  o f  

th e  c o a ls .
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A ff in i ty :  F i l ic in e a n .

F ig u red  specim en: OPC 918  B -2-2.

VERRUCOSISPORITES SP. A 

P la te  2 ,  f ig u r e  9

Spores t r i l e t e ,  r a d i a l ,  o u t l in e  s p h e r ic a l ,  la e s u ra e  o n e -h a lf  

to  tw o -th ird s  th e  sp o re  r a d iu s ,  ex in e  v e r ru c a te ,  v e rru e ae c lo s e ly  

spaced , 0 .5  m icron h ig h , 1 .0  to  3*0 m icrons w ide, g iv e s  an im pression  

o f  a  n e g a tiv e  re tic u lu m , o v e r a l l  d ia m e te r , 5 6 .0  to  7 0 .0  m icrons.

T y p ica l specim en: OPC 918 E -2-5- O v era ll d ia m e te r ,

6 6 .3  X 6 6 .3  microns.

D iscu ssio n : T his s p e c ie s  i s  a  m inor f l o r a l  e lem ent in

th e  Vermejo Form ation c o a ls .

A f f in i ty :  P robably  r e l a t e d  to  th e  fam ily  Osmundaceae.

F ig u red  specim en; OPC 918 E -2 -5 .

VERRUCOSISPORITES SP. B 

P la te  2 , f ig u r e  8

Spores t r i l e t e ,  r a d i a l ,  o u t l in e  s u b - s p h e r ic a l ,  la e s u ra e  

about o n e -h a lf  spo re  r a d iu s ,  ex in e  v e r ru c a te ,  v e rru cae  i r r e g u la r ,  

c lo s e ly  sp aced , 2 .0  to  3 -0  m icrons h ig h , 2 .0  to  7 -0  m icrons w ide, 

v e rru cae  in  some cases  co n n ec ted , o v e r a l l  d iam e te r , 4 8 .0  to  5 6 .0  

m icro n s.

D iscu ssio n : T h is s p e c ie s  d i f f e r s  from V. sp . A in  th e

la rg e ra n d  sometimes connec ted  v e rru c ae  and  in  th e  s m a lle r  s iz e .

Only a  few specim ens were o b serv ed  in  th e  assem blage.
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A f f in i ty :  Unknown.

F ig u red  specim en: OPC 833 L -2-8 .

GENUS E

Spores t r i l e t e ,  r a d i a l ,  o u t l in e  c i r c u l a r  to  s u b c i r c u la r ,  

d i s t a l  face  la e v ig a te ,  proxim al fa c e  ornam ented w ith  w idely  spaced  

v e rru c a e , t r i l e t e  la e s u ra e  b i f u r c a te d  n e a r eq u a to r form ing th re e  

"proxim al segm ents", o rnam en ta tio n  r e s t r i c t e d  to  "segm ents", o v e r­

a l l  d iam e te r , 4 0 .0  to  5 0 .0  m icrons.

GENUS E SP. A 

P la te  2 , f ig u re s  10 - 11

Spores t r i l e t e ,  r a d i a l ,  o u t l in e  c i r c u l a r  to  s u b c i r c u la r ,  

d is  bal face  la e v ig a te ,  prox im al fa c e  ornam ented w ith  w idely  spaced  

(2 .0  to  k.O m icrons) v e rru c a e , v e rru c ae  1 .0  to  1 .5  m icrons w ide, 

abou t 0 .5  m icron h ig h , la e s u ra e  t h i n ,  b i f u r c a te d  n e a r  eq u a to r form ing 

th re e  "proxim al segm ents" (se e  P la te  2 , f ig u r e  1 1 ) , o rnam en ta tio n  

r e s t r i c t e d  to  "segm ents", b i f u r c a te d  la e s u ra e  abou t 15»0  m icrons 

wide a t  e q u a to r , o v e r a l l  d ia m e te r , 4 0 .0  to  5 0 -0  m icrons.

T y p ica l specim en: OPC 83O 1 -2 -3 . O v e ra ll d ia m e te r ,

4 2 .0  X 4 5 .0  m icrons.

D iscu ssio n : T h is s p e c ie s  occu rs  r a r e ly  th ro u g h o u t th e

Vermejo Form ation c o a ls .

A f f in i ty :  Unknown.

F ig u red  specim en: OPC 83O 1-2-3"
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GENUS C

Spores t r i l e t e ,  r a d i a l ,  o u t l in e  t r i a n g u la r  to  s u b tr ia n g u la r ,  

la e su ra e  ex tend  to  o v e rla p  o f  d i s t a l  o rnam en ta tion  upon proxim al 

s u r f a c e ,  proxim al fa c e  la e v ig a te ,  d i s t a l  s u r fa c e  b a c u la te ,  o rnam en ta tion  

ex tends p ro x im ally  and  e q u a to r ia l ly  covers  abou t o n e - th i r d  proxim al 

s u r fa c e ,  g iv es  i l l u s io n  o f  a  th ic k e n e d  e q u a to r ia l  cingulum , o v e r a l l  

d im ensions, 39*0 tp  55*0 m icrons.

GENUS C SP. A 

P la te  2 , f ig u r e s  12 - 13

Spores t r i l e t e ,  r a d i a l ,  o u t l in e  t r i a n g u la r  to  s u b tr ia n g u la r ,  

la e s u ra e  ex ten d  to  o v e rla p  o f  d i s t a l  o rn am en ta tio n  upon proxim al 

s u r fa c e ,  proxim al fa c e  l a e v ig a te ,  d i s t a l  s u r fa c e  b a c u la te ,  b acu lae

2 .0  to  3*0 m icrons w ide , 2 .0  to  3*0 m icrons h ig h , sp aced  3-0  to  5*0 

m icrons a p a r t ,  o rnam en ta tion  ex ten d s p ro x im a lly  and  e q u a to r ia l ly  

covers abou t o n e - th i r d  th e  p rox im al fa c e  g iv in g  a  f a l s e  im pression  

o f  a  th ic k e n ed  e q u a to r ia l  cingulum , o v e r a l l  d im ensions, 39*0 to  

55*0 m icrons.

T y p ica l specim en: OPC 918 D -1-8 . O v e ra ll d im ensions,

4 6 .0  X 4 6 .0  X 46 .0  m icrons.

D iscu ssio n : Spores o f  t h i s  ty p e  a r e  s u f f i c i e n t l y  d ia g n o s tic

and d i f f e r e n t  from o th e r  p re v io u s ly  d e sc r ib e d  genera  to  w arran t a  new 

g e n e ric  re c o g n itio n . Genus C sp . A .occurs in  m oderate abundance in  

a l l  sam ples excep t OPC 83I .

A f f in i ty :  P robably  f i l i c i n e a n .

F ig u red  specim ens: OPC 918  D -1-8 and  OPC 918  C -2-30.
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Genus APICULATISPORITES Ib rah im , 1933 emend,

R. Potonie^ and Kremp, 195^

Type sp e c ie s :  A p ic u la t is p o r i te s  a c u le a tu s  Ib rah im , 1933 (P- 23, 

p l .  6 , f i g .  57).

R. P o ton ie^and  Kremp (1956b, p . 9^) d e s ig n a te d  t h i s  sp e c ie s  

as th e  ty p e  f o r  th e  genus A p ic u la t i s p o r i s  R. Po ton ie^and  Kremp, 1956. 

T h is t r a n s f e r  i s  n o t reco g n ized  because  A p ic u la t is p o r i te s  i s  a  v a l id  

name and  has p r i o r i t y  o v er th e  genus l a t e r  e s ta b l is h e d  by R. Potonie^ 

and Kremp. The genus A p ic u la t is p o r is  sh o u ld  be p la c e d  in  synonomy 

w ith  Ib rah im 's  genus A p ic u la t i s p o r i t e s .

APICULATISPORITES c f .  A. SPINIGER L esch ik , 1955 

P la te  3 ; f ig u r e  3

D iscu ssio n : T his s p e c ie s  was f i r s t  d e sc r ib e d  from  th e

Upper T r ia s s ic  (M iddle Keuper) o f  S w itz e r la n d . I t  i s  a  r a r e  spore  

ty p e  in  th e  Vermejo Form ation c o a ls  and d id  n o t o ccu r in  th e  assemb­

la g e  c o u n ts .

A f f in i ty :  L eschik  ( l9 5 5 , P* l 8 ) r e l a t e d  d is p e r s e d  sp o res

o f  t h i s  ty p e  to  th e  modem genus Danaea, a  member o f  th e  fam ily  

M a r a t t ia le s .

F ig u red  specim en: OPC 833 W-2-lU.

Genus OSMUNDACIDITES Couper, 1953 

Type sp e c ie s :  Osmundacid i te s  w e llm an il Couper, 1953 (p* 20 , 

p l .  1 , f i g .  5 ) .
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OSMUNDACIDITES c f .  0 . WELIWANII Couper, 1953 

P la te  3> f ig u re  1 

D iscussion : Spores o f  0. c f .  0 . v e llm a n ii found in  th e

Vermejo Form ation c o a ls  a re  g e n e ra lly  in  th e  low er end o f  th e  s iz e  

range n o ted  by Couper (1953, P* 20) f o r  t h i s  sp e c ie s . T h e ir  o v e r a l l  

s iz e  more c lo s e ly  approxim ates th e  s iz e  range fo r  th e  specim ens 

a ss ig n e d  to  t h i s  sp e c ie s  by Pocock (1962 , p . 35)*

0 . c f .  0 . v e llm a n ii i s  p re s e n t in  a l l  s e c t io n s ,  b u t com prises 

on ly  abou t one to  th r e e  p e rc e n t o f  th e  p a ly n o lo g ic a l assem blage from 

any one le v e l .

A f f in i ty :  R e la te d  to  th e  fam ily  Osmundaceae.

F ig u red  specim en: CPC 833 W-5-17.

OSMUNDACIDITES SP. A 

P la te  3 , f ig u r e  2 

Spores t r i l e t e ,  r a d i a l ,  o u t l in e  c i r c u a l r ,  la e s u ra e  about 

o n e -h a lf  spore  r a d iu s ,  ex in e  2 .0  to  2 .5  m icrons th ic k ,  f in e ly  grem- 

u l a r ,  o v e r a l l  d iam e te r , 6 2 .0  to  7 6 .0  m icrons.

T y p ica l specim en: OPC 83 I  B -5-2 . O v e ra ll d ia m e te r ,

7 1 .6  X 7 ^ .0  m icrons.

D iscu ssio n : 0. sp . A i s  c o n s is te n t ly  la r g e r  th a n  0 . c f .  0.

v e llm a n ii and , p r im a r i ly , p o sse sse s  a  g ra n u la r  ex in e . I t  i s  found 

s p a r s e ly  in  th e  Vermejo Form ation c o a ls .

A f f in i ty :  P robably  osmundaceous.

F ig u red  specim en: OPC 83 I  B -5-2 .
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Genus ACANTHOTRILETES Naumova, 1937 emend.

R. P o to n ie ' and Kremp, 195^

Type sp e c ie s :  A c a n th o tr i le te s  c i l i a t u s  (Knox, 1950) R. Potonie^

and Kremp, 1955

1950 Sp inoso- s p o r i te s  c i l i a t u s  Knox ( p .312, p i .  1? , f i g .  206).

1955 A c a n th o tr i le te s  c i l i a t u s  (Knox, 1950) R. P o ton ie ' 

and Kremp (p . 133, Pl* 20 , f i g .  3 ).

K rutzsch  (1959 , p . 1 3 2 ) e s ta b l is h e d  th e  genus E c h in a tis p o r is  

to  in c lu d e  sm all t r i l e t e  sp o re s  w ith  sp in e s . K ru tz sc h 's  genus is  

c o n s id e re d  in v a l id  because  th e  name A c a n th o tr i le te s  has p r i o r i t y ,  and 

i s  u sed  in  t h i s  s tu d y .

ACANTHOTRILETES c f .  A. VARISPINOSUS Pocock, 1962 

P la te  3 , f ig u re s  5 - 6

D iscu ssio n : A. v a r isp in o su s  was f i r s t  d e sc r ib e d  from th e

Lower C retaceous o f  w este rn  Canada. The specim ens ob serv ed  in  th e  

Vermejo Form ation c o a ls  a re  id e n t i c a l  w ith  th o s e  o r ig in a l ly  d e sc rib e d .

This sp e c ie s  i s  r a r e  and  i s  p r im a r i ly  found in  th e  m iddle 

and  upper segments o f  s e c t io n s  OPC 918 and OPC 833 .

A f f in i ty :  Pocock (1962 , p . 3 6 ) s t a t e d  t h a t  th e y  p robab ly

a re  sp o res  from a  C retaceous s p e c ie s  o f  s e la g in e l lo u s  a f f i n i t y .

F ig u red  specim ens: OPC 918  F -3 -10  and  OPC ^ l 8  F -2 -4 .

Genus PILOSISPORITES D e lco u rt and  Sprum ont, 1955 

Type sp e c ie s :  P i lo s i s p o r i t e s  t r i c h o p a p i l lo s u s  (T h ie rg a r t ,  19U9 )

D elco u rt and Sprum ont, 1955
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19^9 S p o r lte s  t r i c h o p a p i l lo s u s  T h ie rg a r t  (p . 22,  p i s .  4 /5 ,

f ig .  1 8 ).

1955 P i l o s i s p o r i t e s  t r ic h o p a p i l lo s u s  (T h ie rg a r t ,  19^9) 

D e lco u rt and Sprumont (p . 35, p l .  3 , f i g .  3 ).

PILOSISPORITES SP.

P la te  3> f ig u r e  4 

Spore t r i l e t e ,  r a d i a l ,  o u t l in e  s u b t r ia n g u la r , la e s u ra e  abou t 

tw o - th ird s  spore  r a d iu s ,  o rnam en ta tion  o f  t h in  s p in e s ,  1 .0  to  3*0 

m icrons h ig h , 1 .0  to  2 .0  m icrons wide a t  b a s e , sp in e s  p re s e n t  on o u te r  

w a ll (p e r in e  ? ) ,  ex in e  appears  to  have p u l le d  away from p e r in e  ( ? ) ,  

o v e r a l l  d im ensions, 5 1 -0  x 5 1 .0  x 5 1 .0  m icrons.

D iscu ssio n : Only one specim en o f  t h i s  sp o re  ty p e  was found

in th e  Vermejo Form ation c o a ls .

A f f in i ty :  P o ss ib ly  f i l i c i n e a n .

F ig u red  specim en: OPC 833 H -4-1.

In fra tu rm a  M u ro m ati R. P o to n ie 'a n d  Kremp, 1954

Genus LYCOPODIACIDITES Couper, 1953 emend.

R. Po ton ië^ 1956

Type s p e c ie s :  L y co p o d iac id ite s  b u l le r e n s i s  Couper, 1953 (p* 26,

p l .  1 , f i g .  9 ) .

LYCOPODIACIDITES c f .  L. KUEPPERI K lau s, I 96O 

P la te  3 , f ig u r e  11 

D iscu ssio n : Spores o b serv ed  in  th e  Vermejo Form ation c o a ls
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a re  s im i la r  to  th ose  o f  th e  sp e c ie s  d e sc r ib e d  by Klaus ( 196O, p . 135) 

from th e  A lp ine T r ia s s ic  o f  Europe. I t  i s  a  m inor f l o r a l  elem ent in  

th e  p a ly n o lo g ic a l assem blage.

A f f in i ty :  lycopod iaceous.

F ig u red  specim en: OPC 83O J-U -1 .

LYCOPODIACIDITES SP. A 

P la te  3f f ig u r e  10 

Spores t r i l e t e ,  r a d i a l ,  s u b s p h e r ic a l ,  la e s u ra e  tw o - th ird s  

sp o re  r a d iu s ,  proxim al fa c e  la e v ig a te ,  d i s t a l  fa c e  co vered  w ith  c lo s e ly  

spaced  i r r e g u la r  ru g ae , o v e r a l l  d iam e te r , 2k . 0 t o  4 l.O  m icrons.

T y p ica l specim en: OPC 83O J -2 -1 .  O v e ra ll d ia m e te r ,

2 8 .0  X 3 0 * 0  m icrons.

D iscu ssio n : L. sp . A i s  common th ro u g h o u t th e  Vermejo

Form ation c o a ls .  I t  a t t a i n s  a  maximum abundance in  th e  m idd le  and 

upper le v e l s  o f  s e c tio n s  OPC 83O and OPC 833*

A f f in i ty :  Unknown lycopodiaceous a f f i n i t y .

F ig u red  specim en: OPC 830  J -2 -1 .

Genus LYCOPODIUMSPORITES T h ie r g a r t ,  1938  

Type s p e c ie s :  ly copod ium sporites  agathoecus (R. Po ton ie^  193^)

T h ie rg a r t ,  1938

193^b S p o r lte s  agathoecus R. P o to n ie ' (p . kS,  p l .  1 , f i g .  2 5 ).

1938 ly copod ium sporites  agathoecus (R. P o ton ie^  193^0

T h ie rg a r t  (p . 293, Pl« 22 , f i g s .  9 -  1 0 ).
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LYCOPODIUMSPORITES c f .  L AUSTROCLAVITIDITES (Cookson,

1953) Pocock, 1962 

P la te  3> f ig u re  9

1953 Lycopodium a u s t r o c l a v i t i d i t e s  Cookson (p . 469, 

p l .  2 , f i g .  3 5 ).

1958 I^ycopodlum sporites c la v a to id e s  Couper (p . 132,

p l .  15 , f i g s .  10 - 1 3 ).

1959 Lycopodium re tic u lu m sp o r i te s  Rouse (p . 309, 

p l .  2 , f i g s .  1 - 3 ).

1962 Lycopodium sporites a u s t r o c l a v l t i d i t e s  (Cookson,

1953 ) Pocock (p . 3 3 , p l .  1 , f i g s .  5 - 6 ).

D iôcussion : T h is  sp e c ie s  was f i r s t  d e sc r ib e d  from p re -

T e r t ia r y  c la y s  o f  South A u s t r a l ia .  L. c f .  L. a u s t r o c l a v l t i d i t e s  i s  

a  sp a rse  e lem ent in  th e  Vermejo Form ation c o a ls  p a ly n o lo g ic a l assem b­

la g e  and i s  found m ain ly  in  s e c tio n s  OPC 83O and  OPC 833*

A f f in i ty :  P robab ly  r e l a t e d  to  th e  "C lav a to id e  ty p e " o f

th e  modem genus Lycopodium.

F ig u red  specim en: OPC 833  M-3-7*

LYCOPODIUMSPORITES SP. A 

P la te  3 , f ig u r e  7

Spores t r i l e t e ,  r a d i a l ,  o u t l in e  s u b t r ia n g u la r ,  la e s u ra e  

ex ten d  a lm ost to  p e r ip h e ry , proxim al fa c e  la e v ig a te ,  d i s t a l  fa c e  

r e t i c u l a t e ,  lum ina rounded , 2 .0  to  4 .0  m icrons w ide , m uri 1 .0  to  2 .0  

m icrons w ide , r a i s e d  abou t 1 .0  m icron , o v e r a l l  d im ensions, 4 9 .0  to

5 6 .0  m icrons.
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T y p ica l specim en: OPC 83 I  A -4-?. O v e ra ll d im ensions,

55*0 X 55*0 X 55*0 m icrons.

D iscussion : A number o f  specim ens o f  t h i s  sp e c ie s  were

observed  in  th e  Vermejo Form ation c o a l s ,  p r im a r i ly  in  le v e l  A, s e c t io n  

OPC 831 . The sp ec ie s  i s  n o t abundant in  any sam ple.

A f f in i ty :  Lycopodiaceous.

F ig u red  specim en: OPC 83I  A -4-7.

LYC0P0DIUI4SP0RITES SP. B

P la te  3 ; f ig u r e s  12 - 13

Spores t r i l e t e ,  r a d i a l ,  o u t l in e  s u b s p h e r ic a l ,  t r i l e t e  

i n d i s t i n c t ,  la e su ra e  ex ten d  more th a n  o n e -h a lf  sp o re  r a d iu s ,  p rox­

im al fa c e  la e v ig a te ,  d i s t a l  face  co v ered  w ith  r a i s e d  incom plete 

re tic u lu m , ex tends p ro x im ally  and co v ers  about o n e -h a lf  th e  proxim al 

fa c e ,  lum ina 3*0 to  6 .0  m icrons wide when e n c lo se d , m uri 1 .0  to  2 .0  

m icrons w ide, 1 .0  to  2 .0  m icrons h ig h , o v e r a l l  d ia m e te r , 4 0 .0  to

4 6 .0  m icrons.

D iscussion : T h is spore  ty p e  o c cu rred  r a r e ly  in  th e  

m iddle o f  s e c t io n  OPC 833* No ty p ic a l  specim en was h e re  d e s ig n a te d .

A f f in i ty :  I^rcopodiaceous, p o s s ib ly  r e l a t e d  to  th e  modem 

genus Lycopodium.

F ig u red  specim en: OPC 833 L-2-9-

LYCOPODIUMSPORITES SP. C 

P la te  3* f ig u r e  8

Spore t r i l e t e ,  r a d i a l ,  o u t l in e  s u b t r ia n g u la r , la e s u ra e  

ex ten d  to  m arg in , proxim al fa c e  la e v ig a te ,  d i s t a l  fa c e  r e t i c u l a t e .
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lum ina 6 .0  to  11 .0  m icrons w ide, m uri s l i g h t l y  r a i s e d ,  th in  membran­

eous sh e a th  covers d i s t a l  face  and ex tends f o r  2 .0  to  4 .0  m icrons 

beyond p e r ip h e ry , o v e r a l l  d im ensions, 48.5  x 48 .5  x 48.5 m icrons.

D iscu ssio n : A s in g le  specim en o f  t h i s  sp e c ie s  was found

in  th e  Vermejo Form ation c o a ls .

A f f in i ty :  P robably  r e l a t e d  to  th e  modem genus Lycopodium.

F ig u red  specim en: OPC 831 A-1-12.

LYCOPODIUMSPORITES ? SP.

P la te  4 , f ig u r e  2

Spores t r i l e t e ,  r a d i a l ,  o u t l in e  s u b tr ia n g u la r , la e s u ra e  

ex ten d  to  edge o f  th im  membraneous " rim " , proxim al fa c e  la e v ig a te ,  

d i s t a l  fa c e  r e t i c u l a t e ,  lum ina 4 .0  to  9*0 m icrons w ide, e q u a to r ia l  

"rim " 5*0 to  10 .0  m icrons w ide, o v e r a l l  d im ensions, 51*0 to  6 3 .0  

m icrons.

D iscu ssio n : From th e  few specim ens observed  in  th e  m iddle

o f  s e c t io n  OPC 833 i t  was n o t p o s s ib le  to  determ ine w hether th e  "rim" 

i s  a  t r u e  e q u a to r ia l  rim  o r  w hether i t  ex tends ov er th e  d i s t a l  face  

o f  th e  sp o re .

A f f in i ty :  Unknown lycopodiaceous a f f i n i t y  ?

F ig u red  specim en: OPC 833 1 -4 -1 .

Genus CICATRICOSISPORITES R. P o to n i^  and G e l le t ic h ,  1933 

Type s p e c ie s :  C ic a t r ic e s i s p o r i t e s  d o rogensis  R. Potonie'" and

G e l le t ic h ,  1933 (p . 522, p l .  1 , f i g s .  1 -  5 ).

1951 M o h rio isp o rite s  do ro g en sis  R. P o to n ie  (p . I l 4 ,  

p l .  2 0 , f i g .  14).
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1953 M o h rio isp o rite s  a u s t r a l i e n s is  Cookson (p . kJO,  

p l .  2 , f i g s .  31 - 34).

1956 C ic a tr ic o s p o r i te s  a u s t r a l i e n s is  (Cookson, 1953)

R. Po ton ie ' (p . 48).

CICATRICOSISPORITES c f .  C. DOROGENSIS R. P o to n ie ' 

and G e l le t ic h ,  1933 

P la te  4 , f ig u r e  4

D iscu ssio n : C. c f .  C. d o rogensis  i s  a  m inor sp o re  ty p e

in  th e  Vermejo Form ation c o a ls .  I t  i s  found in  a l l  s e c t io n s  excep t 

OPC 919 , b u t i s  n o t abundant in  any sam ple.

C handler (1955, P» 304) d e sc r ib e d  th e  sp o res  found in  a  

f e r t i l e  p in n u le  o f  Anemia c o lv e l le n s is  from th e  T e r t i a r y  o f  England. 

These sp o res  compare c lo s e ly  w ith  th o se  h e re  a s s ig n e d  to  C. c f .  C. 

d o ro g e n s is .

A f f in i ty :  S ch izaeacean , p ro b ab ly  r e l a t e d  to  th e  modem

genus Anemia.

F ig u red  specim en: OPC 83 I  A -4-2.

GENUS B

Spores t r i l e t e ,  r a d i a l ,  o u t l in e  t r i a n g u la r  to  rounded 

t r i a n g u la r ,  la e s u ra e  deep ly  grooved, ex ten d  to  e q u a to r , ex in e  covered  

w ith  i r r e g u la r  b ranched  r id g e s  s e p a ra te d  by l i n e a r  b ran ch ed  fu rro w s, 

furrow s do n o t ex tend  to  t r i l e t e  m ark, o v e r a l l  d im ensions, 4 0 .0 to

5 0 .0  m icrons.

GENUS B SP. A 

P la te  4 , f ig u re s  1 - 3

Spores t r i l e t e ,  r a d i a l ,  o u t l in e  t r i a n g u la r  to  rounded
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t r i a n g u la r ,  la e s u ra e  deeply  g rooved, ex tend  to  e q u a to r , ex in e  covered  

w ith  i r r e g u la r  branched r id g e s ,  3*0 to  t..o  m icrons w ide, 3*0 to  4 .0  

m icrons h ig h , r id g e s  s e p a ra te d  by l i n e a r  b ranched  furrow s 1 .0  m icron 

w ide, furrow s do n o t ex tend  to  t r i l e t e  mark, o v e r a l l  d im ensions,

4 0 .0  to  5 0 .0  m icrons.

T y p ica l specim en: OPC 833 1 -4 -2 . O v e ra ll d im ensions,

4 5 .0  X  4 5 .0  X  4 5 .0  m icrons.

D iscu ssio n : This genus i s  r e s t r i c t e d  m ain ly  to  s e c t io n

OPC 8 3 3 , b u t does occur in f re q u e n tly  in  o th e r  sam ples.

A f f in i ty :  S ch izaeacean , p o s s ib ly  r e l a t e d  to  th e  modem

genus Anemia.

F ig u red  specim ens: OPC 833 1 -4 -2  and  OPC 83O E -1 -1 .

Turma 2X)NALES Bennie and Kids to n , 1886 emend. R. P otonie '’, 195^ 

Subturma A u r i to t r i l e t e s  R. P o to n ie ' and Kremp, 1954 

In fra tu rm a  A p p e n d ic ife r i R. P o ton ie ', 1956

Genus APPENDICISPORITES Weyland and K rie g e r , 1953 

Type sp e c ie s :  A p p en d ic isp o rites t r i c u s p id a tu s  Weyland and K rie g e r ,

1953 (p . 1 2 , p l .  3 ; f i g .  1 8 ).

Weyland and K rieg e r (l9 5 3 ) and Weyland and  G re ife ld  (1953) 

d e sc r ib e d  th e  sp e c ie s  and b o th  d e s c r ip t io n s  were p u b lish e d  in  th e  

same volume o f  P a laeo n to g rap h ica  (v o l. 9 5 ). Weyland and K r ie g e r 's  

d e s c r ip t io n  occu rs  f i r s t  in  th e  p u b l ic a t io n  and t h i s  i s  th en  a cc e p ted  

a s  th e  o r ig in a l  d e s ig n a tio n  o f  th e  ty p e  s p e c ie s .
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APPENDICISPORITES c f .  A. TRICORNITATUS Weyland and G re i f e ld ,  1953

P la te  U, f ig u re  5 

D iscu ssio n : T h is sp ec ie s  was f i r s t  d e sc r ib e d  from th e  Lower 

Senonian o f  Germany. I t  i s  a  r a re  sp o re  type  in  th e  Vermejo Form ation 

c o a ls  and does no t occur in  th e  assem blage co u n ts.

A f f in i ty :  S ch izaeacean , p o s s ib ly  r e l a t e d  to  th e  modern

genus Anemia.

F ig u red  specim en: OPC 833 M-5-6.

APPENDICISPORITES SP. A 

P la te  4 , f ig u re s  7 - 9  

Spores t r i l e t e ,  r a d i a l ,  e q u a to r ia l  co n to u r rounded t r i a n g u la r ,  

la e s u ra e  about tw o -th ird s  spo re  r a d iu s ,  proxim al fa c e  la e v ig a te ,  

d i s t a l  fa c e  s c u lp tu re d  w ith  s e r ie s  o f  r id g e s ,  u s u a lly  th r e e  o r  fo u r ,  

each  p o sse ss in g  a p ic a l  p ro je c tio n s  6 .0  to  10 .0  m icrons lo n g , r id g e s  

app ro x im ate ly  p a r a l l e l  e q u a to r ia l  c o n to u r , d ec rea s in g  in  o u t l in e  from 

th e  e q u a to r ia l  co n to u r inw ard on th e  d i s t a l  fa c e ,  r id g e s  1 .0  to  3*0 

m icrons w ide, 1 .0  to  2 .0  m icrons h ig h , in te r - r id g e  a re a  7-5  to  I 5 .O 

m icrons wide in  p lan  view , o v e ra l l  d im ensions, 6 3 .0  to  8 O.0  m icrons.

T y p ica l specim en: OPC 918 D -l-U . O v e ra ll d im ensions,

7 ^ .0  X 7 6 .0  X 7 6 .0  m icrons.

D iscu ssio n : T his sp ec ie s  i s  l a r g e r  th an  A. c f .  A. t r l c o r -

n l t a tu s  and p o sse sse s  a  p e c u l ia r  " la y e re d "  e f f e c t  w ith  th e  a p ic a l  

p ro je c t io n s  from each r id g e .  P la te  U, f ig u re  7  i l l u s t r a t e s  a  s id e  

view  o f  a  specim en showing th e  r a i s e d  r id g e s  and a  group o f  th e  a p ic a l  

p ro je c t io n s .  P la te  U, f ig u r e  9 i s  a  s l i g h t l y  o b liq u e  p la n  view  o f  th e  

d i s t a l  s u r f a c e ,  i l l u s t r a t i n g  th e  r id g e s  and a p ic a l  p r o je c t io n s .
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A. sp . A i s  a  m inor c o n s t i tu e n t  o f  th e  Vermejo Form ation 

c o a ls ' p a ly n o lo g ic a l assem blage.

A f f in i ty ;  S ch izaeacean , p o s s ib ly  r e la te d  to  th e  modem 

genus Anemia.

F ig u red  specim ens: OPC 918 D -l-U , OPC 83O G -3-3 , and

OPC 831 J - 2 - 1 .

SPOKE TYPE C 

P la te  k,  f ig u r e  11

Spores t r i l e t e ,  r a d i a l ,  p roxim al face  la e v ig a te ,  d i s t a l  

fa c e  s c u lp tu re d  w ith  b ro ad  r id g e s ,  U.O to  6 .0  m icrons w ide, 2 .0  to

4 .0  m icrons h ig h , s e p a ra te d  by furrow s 1 .0  m icron w ide, r id g e s  b lu n t ,  

p o sse ss  a p ic a l  p ro je c tio n s  4 .0  to  5*0 m icrons w ide, 4 .0  to  9*0 m icrons 

lo n g , o v e r a l l  d im ensions, 7 6 .0  to  9 4 .0  m icrons.

D iscu ssio n : Only a  few com plete speciem ns o f  t h i s  sp o re

ty p e  were found , b u t numerous fragm ents were observed  in  th e  c o a ls .

A f f in i ty :  P o s s ib ly  sch izaeacean .

F ig u red  specim en: OPC 83O D -I-3 .

Subturma Z o n o tr i le te s  W altz, 1935

In fra tu rm a  C in g u la ti  R. Potonie'^and K laus, 1954

Genus CINGULAT IS PORITES Thomson in  Thomson and P f lu g ,

1953 emend. R. P otonie^  1956 

Type s p e c ie s :  C ln g u la t is p o r i te s  le v is p e c io s u s  P flu g  in  Thomson

and P f lu g , 1953 (p. 58 ,  p l .  1 , f ig .  1 6 ) .
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CINGULATISPORITES c f .  C. LEVISPECIOSUS Pflug  

in  Thomson and P f lu g , 1953 

P la te  4 , f ig u re  6 

D iscu ssio n : T his sp ec ie s  vas f i r s t  d e sc r ib e d  from th e  (? ) 

DanIan to  Paleocene o f  Germany. I t  i s  s p a r s e ly  found th roughou t th e  

Vermejo Form ation c o a ls ,  b u t is  n o t abundant.

A f f in i ty :  P robably  r e l a t e d  to  th e  fam ily  S e la g in e lla c e a e .

F ig u red  specim en: OPC 833 L -2-2.

CINGULATISPORTTES c f .  C. PSEUDOALVEOLATUS Couper, 1958

P la te  5 , f ig u r e  1 

D iscu ssio n : C. p seu d o a lv eo la tu s  vas f i r s t  d e sc r ib e d  from

th e  M iddle J u r a s s ic  o f  G reat B r i ta in .  The specim ens a ss ig n e d  to  t h i s  

sp e c ie s  a re  a lm ost id e n t ic a l  v i th  th o se  d e sc r ib e d  by Couper (1958 , p . 

l4 v ,  p l .  2 5 , f i g s .  5 - 6 ) .  I t  i s  found p r im a r i ly  in  s e c t io n  OPC 9 1 8 , 

b u t i s  a ls o  p re s e n t  in  o th e r  sam ples.

A f f in i ty :  Unknovn.

F ig u red  specim en: OPC 833 L -4-3 .

CINGULATISPORITES SP. A 

P la te  k ,  f ig u r e  10 

Spores t r i l e t e ,  r a d i a l ,  o u t l in e  s u b tr ia n g u la r ,  t r i l e t e  mark 

u s u a lly  i n d i s t i n c t ,  vavy, la e s u ra e  ex ten d  to  in n e r  m argin o f  cingulum , 

cingulum  2 .0  to  3«0 m icrons v id e , ex ine  sm ooth, th r e e  sm all p o res  (? )

3 .0  to  k. O m icrons v id e  c e n t r a l l y  lo c a te d  on d i s t a l  fa c e ,  no rm ally  

lo c a te d  b en ea th  t r i l e t e  r a y s ,  o v e ra l l  d im ensions, 2 5 .0  to  35*0 m icrons.
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■Pypical specim en: OPC 9 i6  O v e ra ll d im ensions,

27-0  X  3 1 .0  X 3 i '0  m icrons.

D iscu ssio n : Krasnova ( 1961 , p . 35, p l .  7 , f ig s .  5 - 6 )

i l l u s t r a t e d  a  number o f  specim ens a ss ig n e d  to  S e la g in e l la  v e la ta  

(Weyland and K rie g e r , 1953) K rasnova, I 961 which a re  m o rp h o lo g ica lly  

to  th e  specim ens found in  th e  Vermejo Form ation c o a ls .

A f f in i ty :  P robably  r e l a t e d  to  the  fam ily  S e la g in e lla c e a e .

F ig u red  specim en: OPC 918  D -I-3 .

CINGULATISPORITES SP. B 

P la te  5 , f ig u r e  2

Spores t r i l e t e ,  r a d i a l ,  o u t l in e  s u b tr ia n g u la r ,  la e s u ra e  

ex ten d  o n e -h a lf  spore  r a d iu s ,  p roxim al face  la e v ig a te ,  d i s t a l  fa c e  

in co m p le te ly  r e t i c u l a t e ,  e q u a to r ia l  cingulum  h y a l in e ,  th in s  a t  sp o re  

a p ic e s ,  cingulum  up to  4 .5  m icrons wide in  i n t e r r a d i a l  a r e a s ,  o v e r a l l  

d im ensions, 3 3 -0  to  41 .0  m icrons.

T y p ica l specim en: OPC 833 N -4-4. O v era ll d im ensions,

3 5 .7  X 3 8 .3  X 3 8 .3  m icrons.

D iscu ssio n : The th in n in g  o f  th e  cingulum  a t  th e  sp o re

a p ic e s  i s  s im i la r  to  th a t  o f  th e  genus C am arozonosporites. However, 

t h i s  f e a tu re  ap p ears  to  be a  th in  cingulum  on C. sp . B r a th e r  th an  

an e q u a to r ia l ,  i r r e g u la r  rim  as e x h ib i te d  by C am arozonosporites.

A f f in i ty :  Unknown.

F ig u red  specim en: OPC 833  N -4-4.

CINGULATISPORITES SP. C

P la te  4 , f ig u r e  12

Spores t r i l e t e ,  r a d i a l ,  o u t l in e  rounded t r i a n g u la r ,  la e s u ra e



ex ten d  to  cingulum , t r i l e t e  bo rd ered  by th ic k e n ed  r id g e ,  1 .0  to  2 .0  

m icrons w ide, cingulum  L .0 to  6 .0  m icrons w ide, i r r e g u la r  in  o u t l in e ,  

d i s t a l  face  e x h ib i ts  f a in t  incom plete r e t i c u l a t i o n ,  o v e ra l l  d im ensions, 

^ 2 .0  to  4 9 .0  m icrons.

D iscu ssio n : R e is s in g e r  (1950, p l .  12, f i g .  37) i l l u s t r a t e d

a  form r e l a t e d  to  S e la g in e l la  c u sp id a ta  L ink , and a lm ost id e n t ic a l  w ith  

th e  sp e c ie s  h e re  d e sc rib e d .

A f f in i ty :  Probably  r e l a t e d  to  th e  fam ily  S e la g in e lla c e a e .

F ig u red  specim en: OPC 833 R -2-1.

SPORE TYPE A 

P la te  5 , f ig u r e  3

Spores t r i l e t e ,  r a d i a l ,  o u t l in e  rounded t r i a n g u la r ,  la e s u ra e  

ex ten d  tw o - th ird s  sp o re  r a d iu s ,  commissure r a i s e d ,  prox im al fa c e  la e v ­

ig a te  to  f in e ly  g ra n u la r ,  d i s t a l  fa c e  la e v ig a te  w ith  rounded c r a t e r ­

l i k e  p i t s  s c a t te r e d  ov er s u r f a c e ,  e x ten d  j u s t  o v e r e q u a to r  on to  p rox­

im al fa c e , p i t s  2 .0  to  3*0 m icrons w ide, 1 .0  to  2 .0  m icrons deep , 

sp o re  w a ll 5-0  to  7 -0  m icrons th ic k ,  o v e r a l l  d im ensions, $ 8 .0  to  6p.O 

m ic ro n s .

D iscu ssio n : T h is spo re  ty p e  co u ld  n o t be  in c lu d e d  in  any

p rev io u s  g e n e r ic  d e s c r ip t io n  and to o  few specim ens were ob serv ed  to  

a tte m p t a  g e n e r ic  d e s c r ip t io n  in  t h i s  s tu d y .

A f f in i ty :  May p o s s ib ly  be r e l a t e d  to  th e  modem genus

Phylloglossum  (se e  Erdtm an, 1957, P. 8 7 ).

F ig u red  specim en: OPC 833 Q -2-k.
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Genus CAMAROZCNOSPORrTES R. Potonië^, 1956 emend. K laus, 1960  

Type sp e c ie s :  C am arozonosporites c re ta c e u s  (Weyland and K rie g e r ,

1953) P o ton ie ', 1956 

1953 R otaspora c r e ta c e a  Weyland and K rieg e r (p . 12,

p l .  3 , f i g .  2 7 ).

1956 C am arozonosporites c re ta c e u s  (Weyland and K rie g e r ,

1953) R. P o to n ie '(p .  6 5 , p l .  9 , f i g .  8 5 ).

R. P o to n ie '(1956 , p . 6 5 ) s t a t e d  t h i s  g e n e ric  name vas f i r s t  

u sed  by Pan t (195^, p . 5 1 ) ,  b u t th e  name vas n o t v a l id ly  p u b lish e d  

u n t i l  1956 . C am arozonosporites i s  u sed  f o r  th e  in c lu s io n  o f  sp o re  

ty p e s  s im i la r  to  L y c o p o d ia c id ite s , b u t v h lch  e x h ib i t  a  th in n in g  o f  

th e  ex ine a t  th e  spore  a p ic e s .

CAMAROZONOSPORITES c f .  C. RUDIS (L esch lk , 1955) K laus, 196O

P la te  5 , f ig u r e  8 

1955 V e rru c o s Isp o r lte s  ru d ls  L eschlk  (p . 1 5 , p l .  1 , f i g .  1 5 ).

i 960  C am arozonosporites ru d ls  (L esch lk , 1955) Klaus (p . I 3 6 ,

p l .  2 9 , f i g s .  1 2 , I k ) .

D iscu ssio n : L esch lk  (1955# P- 15) o r ig in a l ly  d e sc r ib e d  th e

sp e c ie s  from th e  Upper T r la s s lc  (M iddle Keuper) o f  S v ltz e r la n d . The 

specim ens observed  In  th e  Vermejo Form ation c o a ls  a re  s l i g h t l y  l a r g e r  

th a n  th e  n o te d  s iz e  range f o r  th e  emended sp e c ie s  (K laus, I 96O, p . I 3 6 ) ,  

b u t t h i s  d if f e re n c e  I s  n e t  c o n s id e re d  s u f f i c i e n t  f o r  th e  e s ta b lish m e n t 

o f  a  nev  s p e c ie s .

Ç. c f .  C. ru d ls  o ccu rs  In f re q u e n tly  In  th e  p a ly n o lo g ic a l 

assem blage.
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A ff in i ty :  P robably  r e l a t e d  to  sp o res  o f  th e  fam ily

Lycopodiaceae.

F ig u red  specimen: OPC 833 V-2-7-

OAMAROZONOSFOP.rTES SP. A 

P la te  5 , f ig u re s   ̂ -  6

Spores t r i l e t e ,  r a d i a l ,  o u t l in e  s u b s p h e r ic a l ,  t r i l e t e  ray s  

deeply  grooved in to  proxim al fa c e ,  la e su ra e  ex ten d  to  e q u a to r ia l  f la n g e , 

proxim al fa c e  la e v ig a te ,  d i s t a l  fa c e  b ro ad ly  r e t i c u l a t e ,  t r u e  i n t e r -  

r a d i a l  f la n g e  o r  rim , 7*5 to  1 0 .0  m icrons w ide, s e p a ra te s  proxim al face  

from d i s t a l  fa c e ,  b u t does n o t p a r a l l e l  e q u a to r , f la n g e  bends p ro x im ally  

tow ard  ra y  e x ten s io n s  in  s id e  view (see  P la te  f ig u r e  6 ) ,  o v e r a l l

d im ensions, 7 9 -0  to  93-0  m icrons.

T y p ica l specim en: OPC 918 C -4-8. O v e ra ll d im ensions,

8 2 .0  X  8 2 .0  X  8U.0 m icrons.

D iscu ssio n : T h is sp o re  ty p e  d i f f e r s  from C. c f .  C. ru d is

in  i t s  b ro ad  r e t i c u l a t e  d i s t a l  o rn am en ta tio n , th e  w idth  and o r ie n ta t io n  

o f  th e  e q u a to r ia l  f la n g e , and  in  i t s  l a r g e r  s iz e .  I t  i s  p re s e n t  in  

m inor abundance from a l l  s e c t io n s  s tu d ie d .

A f f in i ty :  Unknown.

F ig u red  specim ens: OPC 918 C-4-8 and  OPC 83O J -3 -2 .

Turma MONOLETES Ib rah im , 1933

Subturma Azonomonoletes L uber, 1935

In fra tu rm a  L aev igatom onoleti I^bova and Jachow icz, 1957



Genus LAEVTGAT3SP0RITES Ib rah im , 1933 emend.

S chopf, W ilson, and B e n ta l l ,  1944 

Type s p e c ie s : L a e v ig a to sp o r ite s  v u lg a r is  (Ib rah im , 1932) Ib rah im , 1933

1932 S p o ro n ite s  v u lg a r is  Ibrahim  in  R. P o to n ie , Ib rah im , 

and Loose (p . 448, p l .  15, f ig .  1 6 ).

1933 L a e v ig a to sp o r ite s  v u lg a r is  (Ib rah im , 1932) Ibrahim  

(p . 39 - 40, p l .  2 , f ig .  1 6 , p l .  5 , f i g s .  37, 39).

LAEVIGATOSPORinS c f .  L. OVATUS W ilson and W ebster, 1946

P la te  5 , f ig u r e  7 

D iscu ss io n : L. ova tus was f i r s t  d e sc r ib e d  from th e  F o r t

Union c o a l (P a leo cen e) o f  Montana. I t  i s  one o f  th e  more abundant 

s p e c ie s  and occu rs  th ro u g h o u t th e  Vermejo Form ation c o a ls .

A f f in i ty :  F i l i c in e a n ,  p ro b ab ly  r e l a t e d  to  th e  fam ily

P o ly p o d iaceae .

F ig u red  specim en: OPC 83O D -1-6.

LAEVIGATOSPORITES SP. A 

P la te  5 , f ig u r e  11 

Spores m ono le te , b i l a t e r a l ,  k idney  o r  bean  shaped , ex ine

3 .0  t o  5 .5  m icrons th i c k ,  la e v ig a te  o r  f in e ly  p u n c ta te ,  o v e ra l l  dimen­

s io n s ,  4 0 .0  to  4 5 .0  X 5 8 .0  to  6 4 .0  m icrons.

T y p ica l specim en: OPC 833 M -2-2. O v e ra ll d im ensions,

4 3 .0  X  6 3 .8  m icrons.

D iscu ssio n : L. sp . A i s  a  m inor spore  ty p e  in  th e  p a lyno­

lo g ic a l  assem blage o f  th e  Vermejo fo rm a tio n  c o a ls .
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A ff in i ty :  Probably  po lypod iacean .

F ig u red  specim en: OPQ 833 M-2-2.

LAEVIGATCSPORITES SP. B 

P la te  5> f ig u re s  10, 12

Spores m onole te , b i l a t e r a l ,  o u t l in e  o v a l to  s u b s p h e r ic a l ,  

m onolete o n e -h a lf  to  tw o -th ird s  le n g th  o f  sp o re , ex in e  la e v ig a te ,

1 .0  to  2 .5  m icrons th ic k ,  o v e ra l l  d im ensions, 45-0 to  6 l.O  x 58*0 

to  7 7 .0  m icrons.

T y p ica l specim en: OPC 83O AA-2-2. O v e ra ll d im ensions,

53*6 X 5 8 .7  m icrons.

D iscu ssio n : Specimens a s s ig n e d  to  t h i s  s p e c ie s  a re  about

tw ice  a s  la rg e  as  L. c f .  L. o v a tu s , and  do n o t p o sse ss  a  th ic k e n ed  

sp o re  w a ll a s  e x h ib ite d  by L. sp . A. I t  i s  a  common sp o re  ty p e  and 

abu n d an tly  occu rs  in  a l l  s e c t io n s  o f  th e  Vermejo Form ation c o a ls .

A f f in i ty :  P olypodiacean .

F ig u red  specim ens: OPC 83O AA-2-2 and OPC 83O B -2-4.

In fra tu rm a  S cu lp ta to m o n o le tl Dybova and  J a c h o w itz , 1957 

(equal to  In fra tu rm a  O m a ti  R. P o to n ie , 1956)

Genus MARATTISPORITES Couper, 1958 

Type s p e c ie s :  M a r a t t i s p o r i te s  s c a b ra tu s  Couper, 1958 (p . 133,

p l .  1 5 , f i g .  2 0 ) .
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MARATTISPORITES c f .  M. SCABRATUS Couper, I 958 

P la te  5» f ig u re  4

D iscu ssio n : The specim ens ob serv ed  in  th e  Vermejo Form ation

c o a ls  a re  e s s e n t i a l l y  id e n t ic a l  w ith  th e  ty p e  sp e c ie s  d e sc rib e d  by 

Couper. The sp e c ie s  i s  found in  on ly  a  few sample l e v e l s ,  b u t t o t a l s

6 .0  p e rc e n t o f  th e  p a ly n o lo g ic a l assem blage in  le v e l  A, s e c t io n  OPC 83O.

A f f in i ty :  Couper (1958» p . 134) s t a t e d  t h a t  th e  d is p e rse d

sp o res  match p e r f e c t ly  th e  sp o res  o f  th e  Mesozoic f e rn  M a r a t t io p s is .

F ig u red  specim en: OPC 83O A -5-1.

Genus POLYPODIISPORITES R. P o ton ie ', 1934 

Type s p e c ie s :  P o ly p o d iisp o r ite s  favus (R. P o ton ie ', 1931) R.

Poton ie ', 1934

1931& P o ly p o d ii( ? ) - s p o r l te s  favus R. P o to n ie '( p .556).

1934b P o ly p o d iisp o r ite s  favus (R. P o ton ie ', 1931 ) R- F o to n ie ' 

(p . 3 8 , p l . l ,  f i g s .  19 - 2 0 ) .

POLYPODIISPORITES c f .  P. FAVUS (R. P o to n ie ' 1931 )

R. P o to n ie ' 1934 

P la te  5 , f ig u r e  9

D iscu ssio n : Most o f  th e  specim ens o b serv ed  in  th e  Vermejo

Form ation c o a ls  a re  sm a lle r  th a n  th e  s t a t e d  s iz e  ra n g e , b u t o th e rw ise  

f i t  th e  d e s c r ip t io n ,  even to  th e  n e g a tiv e  r e t i c u l a t e  appearance  o f  

th e  e x in e .

The s p e c ie s  i s  one o f  th e  common forms and  i s  p re s e n t  in  

a l l  segm ents. I t  i s  most abundant in  th e  upper p a r t  o f  each d i f f e r e n t  

s e c t io n .
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A f f in i ty :  P robably polypodiacean .

F ig u red  specimen: OPC 83 I  0-5-5»

Genus EXTRAPUNCTATOSPORIS K ru tzsch , 1959 

Type sp e c ie s :  E x tra p u n c ta to sp o ris  e x tra p u n c to id es  K ru tzsch , 1959

(p. 199, pl. w ,  f ig .  439).

EXTRAPUNCTATOSPORIS c f .  E. INTRAEiAEQUALIS K ru tzsch , 1959 

P la te  6 , f ig u re s  10 - 11

Spores m onolete , b i l a t e r a l ,  m onolete over o n e -h a lf  sp o re  

le n g th ,  ex ine  f in e ly  g ra n u la r ,  o v e ra l l  d im ensions, 35»0 to  3 8 »0 x

7 6 .0  to  7 9 .0  m icrons.

D iscu ssio n : K ru tzsch  (1959, P» 201) i l l u s t r a t e d  a  diagram

o f  th e  sp e c ie s  o f  E x tra p u n c ta to sp o ris  and , in  p a r t i c u l a r ,  p o in te d  o u t 

t h a t  th e  ex in e  su r fa c e  o f  E. in t r a in a e q u a l is  i s  f in e ly  g ra n u la r . The 

specim ens o b serv ed  h ere  a ls o  e x h ib i t  t h i s  c h a ra c te r .

Only two specim ens o f  t h i s  spo re  ty p e  were observed  in  th e  

Vermejo Form ation c o a ls .

A f f in i ty :  P o ss ib ly  r e l a t e d  to  th e  modem genus T m esip te rls

in  th e  fam ily  P s ilo ta c e a e  (se e  H a r r is ,  1955, pl» 1 , f i g s .  I 8 - 1 9 ).

F ig u red  specim ens: OPC 83I  0 -4 -2  and OPC 918 C-2-20.

Genus SCHIZAEA Sm ith , 1793 

Type sp e c ie s :  S ch izaea  dichotom a (L innaeus, 1753) Sm ith ? , 1793

Academy T u r in , Mémoires, v o l. 5 , P- 419.
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SCHIZAEA c f .  S . RETICULATA Cookson, 1957 

P la te  6 , f ig u r e  5 

D iscu ssio n : The sp e c ie s  was f i r s t  d e sc rib e d  from th e

P aleocene o f  South  A u s t r a l ia .  Specimens o c cu rrin g  in  th e  Vermejo 

Form ation c o a ls  a r e  e s s e n t i a l l y  id e n t ic a l  w ith  h e r  d e s c r ip t io n , even

though i t  was b a se d  on a  s in g le  specim en. Only a  few specim ens o f

S. c f .  S. r e t i c u l a t a  were found in  th e  Vermejo Form ation c o a ls .

A f f in i ty :  Cookson ( l9 5 7 , P* ^3) s t a t e d  t h a t  S. r e t i c u l a t a

i s  p o s s ib ly  a  more p r im it iv e  ty p e  o f  S .p u s i l i a .P u rsh , l 8 lk .

F ig u red  specim en: OPC 918 C -5-6.

SCHIZAEA SP. A 

P la te  6 ,  f ig u re s  1 , 2 , 4 

Spores m ono le te , b i l a t e r a l ,  m onolete o n e -h a lf  to  tw o - th ird s  

sp o re  le n g th , p e r in e  1 .5  to  2 .5  m icrons th ic k ,  m ic ro re t ic u la te  o r  

• .e c te te  ( ? ) ,  ex in e  m ic r o r e t ic u la te ,  lum ina 1 .0  m icron w ide, o v e r a l l  

d im ensions, 59*0  to  75*0  x 8 4 .0  to  104.0  m icrons.

T y p ica l specim en: OPC 833 V-5-1. O v era ll d im ensions,

5 9 -0  X 8 9 .0  m icrons.

D iscu ssio n : Cookson (1957) d e sc r ib e d  a  number o f  sp e c ie s

o f  S ch izaea  from T e r t i a r y  c o a ls  o f  A u s t r a l ia  and  Papua. Some o f  

th e s e  sp e c ie s  a r e  s im i la r  in  c h a ra c te r  (S. f ro m en s ls , S. a lb e r to n e n s ls , 

and  S. p u n c ta ta ) and  specim ens from th e  Vermejo Form ation c o a ls  c o u ld  

be  p la c e d  in  each  o f  th e s e  s p e c ie s .  However, th ey  ap p ea r to  be id e n t i c a l  

in  l i g h t  o f  th e  f a c t  t h a t  specim ens a re  h e re  found w ith  th e  p e r in e  

i n t a c t  (P la te  6 , f i g .  l ) ,  w ith  th e  p e r in e  p a r t i a l l y  e roded  (P la te  6 ,
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f ig u r e  4 ) ;  and w ith  th e  p e r in e  com pletely  l o s t  (P la te  6 , f ig u re  2 ) .

I t  i s  ap p aren t th a t  th e  sp o res  found h e re  a re  o f  a  s in g le  sp e c ie s  r a th e r  

th an  o f  two o r  th re e  s p e c ie s .  The sp o res  d e sc rib e d  h e re  a re  undoubtedly  

s im i la r  to  th o se  d e sc rib e d  by Cookson, b u t i t  was tho u g h t b e s t  n o t to  

p la c e  them in  one o f  h e r  s p e c ie s .

K rutzsch  (1959, P» 211) a ss ig n e d  sp o res  o f  t h i s  type  to  th e  

genus M ic ro fo v eo la to sp o ris  K ru tzsch , 1959*

S. sp . A i s  found s c a t te r e d  th ro u g h o u t th e  Vermejo Form ation 

c o a l sam ples, b u t nowhere in  any c o n c e n tra tio n .

A f f in i ty ;  A member o f  th e  fam ily  S ch izaeaceae .

F ig u red  specim ens: OPC 83O 1 -3 -3 , OPC 833 J - 2 - 4 ,  and

OPC 833 V-5 - 1 .

Genus VERRUCATOSPORITES P f lu g , 1952 ex Thomson and 

P f lu g , 1953 emend. R. P o ton ie ', 195^

T ^ e  s p e c ie s :  V e rru c a to sp o r ite s  a l ie n u s  (R. Potonie*^ 1931)

Thomson and P f lu g , 1953

1931a S p o ro n ite s  a l ie n u s  R. P o to n ié '(p . 556, f i g .  l ) .

1953 V e rru c a to sp o r ite s  a l ie n u s  (R. P o ton ie ', 1931) Thomson 

and P flu g  (p . 59, p l .  3 , f i g .  k j ) .

P flu g  (1952 ) f i r s t  u sed  th e  name V errucos i s p o r l t e s , b u t he 

d id  n o t d e sc r ib e  th e  genus o r  a s s ig n  a  ty p e  s p e c ie s . A ccording to  

th e  I n te r n a t io n a l  Code o f  B o ta n ic a l N om enclature, A r t ic le  36 , th e  genus 

i s  n o t v a l id ly  p u b lish e d  in  P f lu g 's  s tu d y  because he d id  n o t d e sc rib e  

th e  genus. Thomson and P flu g  in  1953 su b seq u en tly  made th e  g e n e ric  

d e s c r ip t io n  and a ss ig n e d  th e  ty p e  s p e c ie s ,  b u t made no re fe re n c e  to
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P flu g  ( 1952). A pparen tly  Thomson and P f lu g 's  m anuscrip t was s e n t  to  

th e  p u b lis h e r  b e fo re  P f lu g ' s m an u sc rip t, b u t t h e i r  s tu d y  was n o t pub­

l i s h e d  u n t i l  a f t e r  P f lu g ' s s tu d y . Because th e  e f f e c t iv e  d a te  o f  pub­

l i c a t i o n  e s ta b l is h e s  p r i o r i t y  i t  seemed a d v isa b le  to  c i t e  P flu g  (1952) 

as  th e  a u th o r  o f  th e  p roposed , b u t n o t v a l id ly  published ,nam e V erru ca to ­

s p o r i te s  and c i t e  Thomson and  P flu g  (1953) as  th e  subsequent a u th o rs  

who a s c r ib e  th e  g en eric  name to  P flug  (se e  Recommendation U6A, I n t e r ­

n a t io n a l  Code o f  B o ta n ic a l N om enclature).

VERRUCATOSPORITES c f .  V. ALIENUS (R. P o ton ie ', 1931)

Thomson and P f lu g , 1953 

P la te  6 , f ig u re s  8 - 9  

D iscu ssio n : Spores o f  t h i s  ty p e  c lo s e ly  resem ble th e  d e s c r ip t

t io n  o f  V. a l ie n u s  in  Thomson and P flu g  (1953)* I t  i s  a  m inor elem ent 

o f  th e  p a ly n o lo g ic a l assem blage.

A f f in i ty :  P o lypodiacean .

F ig u red  specim ens: OPC 833 F -1 -2  and  OPC 83 I  G -5-1.

SPORE TYPE B 

P la te  6 , f ig u r e  7 

Spores m onole te , b i l a t e r a l ,  m onolete  about o n e -h a lf  sp o re  

le n g th , ex in e  c o a rse ly  r e t i c u l a t e ,  lum ina 4 .0  to  7 -0  m icrons w ide, 

m uri 2 .0  to  3 -0  m icrons w ide , r a i s e d  1 .0  to  2 .0  m ic ro n s , o v e r a l l  

d im ensions, 53»0 x JO.O m icrons.

D iscu ssio n : A s in g le  specim en o f  t h i s  sp o re  ty p e  was observed

in  th e  Vermejo Form ation c o a ls  and a  more p re c is e  g e n e ric  assignm ent 

c o u ld  n o t be  made.
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A ff in 1t y : Unknown.

F ig u red  specimen: OPC 918 F -5 -4 .

SPORE TYPE E 

P la te  6 , f ig u re  6

Spore m onole te , b i l a t e r a l ,  m onolete ex tends a lm ost le n g th  

o f  sp o re , ex in e  g ra n u la r  and r e t i c u l a t e ,  lum ina 2 .0  to  4 .0  m icrons 

w ide, r e t i c u la t io n s  ab sen t in  m onolete a r e a ,  o v e ra l l  d im ensions,

4 3 .4  X 6 1 .2  m icrons.

D iscu ssio n : A s in g le  specimen o f  t h i s  sp o re  type  was

observed  in  th e  Vermejo Form ation c o a ls .

A f f in i ty :  Unknown.

F ig u red  specim en: OPC 918 F -2 -14 .

GENUS A

Spores m onolete , b i l a t e r a l ,  m onolete ex tends a lm ost le n g th  

o f  s p o re , th ic k e n e d  r a i s e d  r id g e  p a r a l l e l s  m onolete m ark, ex ine  

fo v e o la te ,  fo v eo la  o v a l to  rounded , w idely  sp a c e s , some fo v eo la  

a rra n g ed  p a r a l l e l  to  sp o re  o u t l in e ,  o v e r a l l  d im ensions, 35*0 to

4 l.O  X 53*0 to  6 1 .0  m icrons.

GENUS A SP. A 

P la te  6 , f ig u r e  3

Spores m onolete , b i l a t e r a l ,  m onolete ex tends a lm ost le n g th  

o f  sp o re , th ic k e n e d  r id g e  1 .0  to  2 .0  m icrons wide p a r a l l e l s  m onolete 

m ark, ex ine  fo v e o la te ,  fo v eo la  o v a l to  rounded , 2 .0  to  4 .0  m icrons 

w ide, 1 .0  to  2 .0  m icrons deep , spaced  5*0 to  7 .0  m icrons a p a r t ,  some 

fo v e o la  a rra n g ed  p a r a l l e l  to  sp o re  o u t l in e ,  o v e r a l l  dim ensions 35*0  to
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Ul.O X 53*0 to  6 1 .0  m icrons.

T yp ica l specim en: OPC 9 i8  E -3 -6 . O v era ll dim ensions,

3 9 .0  X 55-0 m icrons.

D iscu ssio n : T his sp e c ie s  co u ld  n o t be p la c e d  in  any p re ­

v io u s ly  d e sc rib e d  genus and i s  h e re  d e sc r ib e d  as new. I t  was found 

in  m inor p e rc e n ts  from s e c t io n  OPC 9 18 .

A f f in i ty :  Unknown.

F ig u red  specim en: OPC 918 E -3 -6 .

Anteturm a POLLENITES R. Potonie*^ 1931 

Turma EUPOLLENITES K lau s, I 96O

Subturma O p e rc u la ti V enkatachala and Goczan, (m an u scrip t)

Genus CLASSOPOLLIS P f lu g , 1953 emend.

Pocock and J a n s o n iu s , 1961 

Type s p e c ie s : C la s s o p o ll is  c la s s o ld e s  P f lu g , 1953 emend. Pocock

and  J a n s o n iu s , 1961 

1953 C la s s o p o ll is  c la s s o ld e s  P flu g  (p . 91> Pl* 16 ,

f i g s .  29  -  3 0 ).

1961 C la s s o p o ll is  c la s s o ld e s  P f lu g , 1953 emend. Pocock

and Jan so n iu s  (p . UU3 -  444, p l .  1 , f i g s .  1 -  9 ).

CLASSOPOLLIS c f .  C. CLASSOIDES P f lu g , 1953 emend.

Pocock and J a n s o n iu s , 196I  

P la te  7 , f ig u re s  5 - 6  

D iscu ssio n : The few specim ens found in  th e  Vermejo Form ation

c o a ls  a re  a lm ost id e n t ic a l  w ith  th e  ty p e  sp e c ie s  d e s c r ip t io n  as  emended
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by Pocock and Jan so n iu s  (1961 ).

A f f in i ty :  Probably  r e l a t e d  to  th e  Mesozoic c o n if e r  fam ily

C h e iro le p id a c e a e .

F ig u red  specim ens: OPC 83 I  C-3-1 and OPC 83O L -2-1 .

Turma SACCITES Erdtm an, 19^7

Subturma M onosaccites (C h ita le y , 1951) R* Potonie^ and Kremp, 195^ 

In fra tu rm a  T r i l e t e s a c c i t i  L esch ik , 1955

GENUS D

Symmetry r a d i a l ,  o u t l in e  c i r c u l a r ,  c e n tr a l  body o v a l ,  d i s ­

t i n c t ,  s u r fa c e  la e v ig a te ,  u s u a l ly  p o sse sse s  in d i s t i n c t  t r i l e t e  m ark, 

commissures r a i s e d  when p r e s e n t ,  b la d d e r  o r  exosporium  (? )  f in e ly  

r e t i c u l a t e  to  f in e ly  g ra n u la r ,  com ple te ly  e n c lo se s  c e n t r a l  body, mode 

o f  b la d d e r  a ttach m en t unknown, c e n t r a l  body 3 5 -0  to  53*0  m ic ro n s , 

o v e r a l l  d iam e te r , 54 .0  to  8 6 .0  m icrons.

GENUS D SP. A 

P la te  7 ; f ig u re s  1 - 2

D e sc rip tio n  id e n t i c a l  to  t h a t  o f  genus.

T y p ica l specim en: OPC 833 T -2 -6 . C en tra l body, 4 ^ .0  x

4 7 .0  m icro n s , o v e r a l l  d ia m e te r , 6O.O x 6 7 .0  m icrons.

D iscu ssio n : T his s p e c ie s  i s  a lm o st t o t a l l y  r e s t r i c t e d  in

d i s t r i b u t io n  to  le v e l  T , s e c t io n  OPC 83 3 , where i t  com prises 7*0 

p e rc e n t o f  th e  p a ly n o lo g ic a l assem blage.

The genus h e re  d e sc r ib e d  may be r e l a t e d  to  P e r in o p o l le n i te s  

e la to id e s  Couper, 1958. Pocock (1962 , p . 6 0 ) re p o r te d  th e  same sp e c ie s
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from th e  J u ra s s ic -C re ta c e o u s  boundary o f  w este rn  Canada, and s ta t e d  

th a t  a  weeik t r i l e t e  mark may be p re s e n t .

A f f in i ty :  Unknown.

F ig u red  specim ens: OPC 833 T -I-2  and OPC 833 T -2-6 .

Subturma D is a c c ite s  Cookson, 19^7

In fra tu rm a  D i s a c c i t r i l e t i  L esch ik , 1955

Genus VTTREISPORITES L esch ik , 1955 

Type s p e c ie s :  V i t r e i s p o r i t e s  s ig n a tu s  L esch ik , 1955 (p* 53,

p i .  8 ,  f ig .  10 ).

VITREISPORITES c f .  V. PALLIDUS (R e is s in g e r , 1938) N ils so n , 1958

P la te  7 , f ig u re s  3 - ^

1938 P i ty o s p o r i te s  p a llid ix s  R e is s in g e r  (p . l4 ) .

1950 P i ty o p o l le n l te s  p a l l id u s  (R e is s in g e r , 1938) R e is s in g e r , 

(p. 109 , P l .  1 5 , f i g s .  1 - 5 ) .

1958  C a y to n ip o lle n ite s  p a l l id u s  (R e is s in g e r , 1938) Couper 

(p. 150 , p l .  2 6 , f i g s .  7 - 8 ) .

1958 V i t r e l s p o r i t e s  p a l l id u s  (R e is s in g e r , 1938) N ilsso n  

(p . 77  -  7 8 , p l .  7 , f ig s .  12 - I k ) .

D iscu ssio n : P o llen  o f  t h i s  ty p e  found in  th e  Vermejo

Form ation c o a ls  i s  id e n t ic a l  w ith  V. p a l l id u s  shown in  N ilsso n  

(1958 ) . I t  i s  r a r e ly  found in  s e c t io n  OPC 83O, and n o t in  o th e r  le v e ls .  

A f f in i ty :  C ay to n ia lean .

F ig u red  specim ens: OPC 83O F -5-2  and OPC 83O K -1-1.
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In fra tu rm a  P in o s a c c i t i  Erdtm an, 19^5 emend. R. Po ton ie '’, 1956

Genus PINUSPOLLENITES R aa tz , 1937 

Type sp e c ie s :  P in u s p o lle n ite s  labdacus (R. Potonie'^, 1931)

R aa tz , 1937

1931c P o l le n i te s  labdacus R. P o to n ié ' (p. 5 ; f i g .  32).

1937 P in u s p o lle n ite s  labdacus (R. Potonié^, 1931)

R aatz (p . 1 6 ).

A r e l a t i v e ly  few number o f  b is a c c a te  p o lle n  g ra in s  were 

found in  th e  p a ly n o lo g ic a l assem blage o f  th e  Vermejo Form ation c o a ls .  

The m a jo r ity  o f  th e  specim ens a re  d iv id e d  in to  two g e n e ra , P in u sp o l­

l e n i t e s  and  P ic e a e p o l le n i te s , p r im a r i ly  on th e  b a s is  o f  b la d d e r  a t t a c h ­

ment. In  s id e  view specim ens o f  P ic e a e p o l le n i te s  e x h ib i t  an alm ost 

s t r a ig h t  an g le  o f  a ttach m en t between th e  b la d d e r  and  th e  c e n t r a l  body 

(P la te  7 ; f ig u re  1 3 ) whereas th e  a ttach m en t o f  th e  b la d d e r  in  P in u s­

p o l le n i te s  i s  o f  a  more a n g u la r  n a tu re  (P la te  7 ,  f ig u r e  8 ). The 

b la d d e rs  o f  P ic e a e p o lle n ite s  ap p ea r to  merge w ith  th e  c e n t r a l  body and 

th o se  o f  P in u s p o lle n ite s  a re  d i s t i n c t  from th e  c e n t r a l  body. This 

l a t t e r  c h a ra c te r  was u sed  to  id e n t i f y  forms o r ie n te d  in  a  p o s i t io n  

o th e r  th an  s id e  view.

PINUSPOLLENITES SP. A 

P la te  7,  f ig u r e s  8 - 9

P o llen  g ra in s  b is a c c a te ,  c e n t r a l  body g ra n u la r ,  o v a l in  

p lan  view , b lad d e rs  r e t i c u l a t e ,  a ttach m en t d i s t a l ,  form ing d e f in i te  

an g le  w ith  c e n t r a l  body when o b serv ed  in  s id e  view , b la d d e rs  esch  

co v er o n e -fo u r th  to  o n e - th i r d  d i s t a l  p a r t  o f  c e n t r a l  body in  p lan
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view , b la d d e rs  U5 .O to  55*0 m icrons w ide, depth  2 5 .0  to  35*0 m icrons, 

o v e ra l l  d im ensions, 1+8 . 0  to  55*0 x 6 7 .0  to  8 2 .0  m icrons.

T y p ica l specim en: OPC 833 Q -2-1. O v era ll d im ensions,

5 1 . 0  X 7 1 .0  microns.

D iscu ssio n : P. sp . A i s  th e  most abundant b is a c c a te

p o lle n  in  th e  Vermejo Form ation c o a ls ,  b u t in  no le v e l  does i t  

com prise more than  2 .0  p e rc en t o f  th e  t o t a l  assem blage.

A f f in i ty :  R e la te d  to  th e  fam ily  P inaceae .

F ig u red  specim ens: OPC 833  N-3-9 and OPC 833  Q -2-1.

In fra tu rm a  A b ie to s a c c i t i  Erdtm an, 19^5 emend. R. Potonie'*, 1958

Genus ABIES POLLENITES T h ie rg a r t  in  R aa tz , 1937 

Type s p e c ie s ;  A b ié sp o lle n ite s  a b so lu tu s  T h ie rg a r t  in  R a a tz , 1937 

(p. 1 6 , p l .  1 , f i g .  1 1 , i l l u s t r a t i o n  a p p a re n tly  

m is la b e le d  as  A. v e ru s , see  f i g .  9 ).

ABIESPOLLENITES SP. A 

P la te  7 , f ig u r e  10

P o lle n  g ra in  b is a c c a te ,  c e n t r a l  body covered  w ith  a  d i s t a l  

cap , 3 .5  m icrons th ic k ,  g ra n u la r ,  f a i n t  lo n g i tu d in a l  fu rrow  on cap , 

b la d d e rs  f in e ly  r e t i c u l a t e ,  b la d d e rs  abou t 7 0 .O m icrons w ide, 3O.O 

m icrons deep , o v e ra l l  d im ensions, h e ig h t ,  6 8 .0  m icrons, w id th , 7 5 .0  

m icro n s .

D iscu ssio n : A s in g le  specim en o f  t h i s  sp e c ie s  was observed

in  th e  Vermejo Form ation c o a ls .
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A ff in i ty :  R e la te d  to  th e  fam ily  P inaceae .

F ig u red  specim en: OPC 833 S -5-10 .

Genus PICEAEPOLLENITES R. Potonie'', 1931 

Type s p e c ie s :  P ic e a e p o lle n ite s  a la tu s  R. Potonie'', 19311)

(p. 2 8 , p l .  2 ).

PICEAEPOLLENITES SP. A 

P la te  1 ,  f ig u re s  13 - l4  

P o llen  g ra in s  b is a c c a te ,  c e n t r a l  body f in e ly  g ra n u la r ,  o v a l 

in  p lan  view , abou t 5 0 .O to  5 6 .0  m icrons, b la d d e r  a ttach m en t d i s t a l ,  

forms s t r a i g h t  an g le  w ith  c e n t r a l  body when observed  in  s id e  view , in  

p lan  view  b la d d e rs  each cover o n e - th i r d  to  o n e -h a lf  d i s t a l  s id e  o f  

c e n t r a l  body, b la d d e rs  f in e ly  r e t i c u l a t e ,  b la d d e rs  5O.O to  55*0 m icrons 

w ide, d ep th  2 5 .0  to  3O.O m ic ro n s , o v e r a l l  d im ensions, 51*0  t o  5 6 .0  x

7 2 .0  to  78*0  m icrons.

T y p ica l specim en: OPC 918 B -5-8 . O v era ll d im ensions,

5 1 .0  X 7 8 .5  m icrons.

D iscu ssio n : T his p o lle n  ty p e  i s  s im i la r  to  th e  ty p e  sp e c ie s

o f  P ic e a e p o l le n i te s . I t  i s  n o t an  abundant sp e c ie s  in  th e  Vermejo 

Form ation c o a ls .

A f f in i ty :  R e la te d  to  th e  fam ily  P in aceae .

F ig u red  specim ens: OPC 918 B -5-8 and  OPC 918 B -4-1 .

In fra tu rm a  P o d o c a rp o id iti  R. P otonie^ Thomson, and T h ie r g a r t ,  1950
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Genus PODOCARPIDITES Cookson, 19^7 emend. R. Potonie^, 1958 

Type sp e c ie s :  P o d o c a rp id ite s  e l l i p t i c u s  Cookson, 19^7 (p- 131,

p l .  13 , f ig .  6 ) .

PODOCARPIDITES SP.

P la te  7 , f ig u re  7

P o llen  b is a c c a te ,  c e n t r a l  body c i r c u l a r ,  proxim al cap 3*0 

to  5*0 m icrons th ic k ,  g ra n u le se , m arg ina l rim  around  proxim al cap , 

s a c c i  a t ta c h e d  to  d i s t a l  s id e  o f  c e n t r a l  body, s a c c i  f in e ly  r e t i c ­

u l a t e ,  33*0 to  39*0 m icrons w ide , 2 0 .0  to  2 6 .0  m icrons lo n g , o v e r a l l  

d im ensions, 33*0 to  3 8 .0  x 4 9 .0  to  53*0 m icrons.

D iscu ssio n : Only th r e e  specim ens o f  t h i s  p o lle n  ty p e  were

observed  in  th e  Vermejo Form ation c o a ls .

A f f in i ty :  P robably  podocarpacean.

F ig u red  specim en: OPC 833 F -4 -6 .

Turma ALETES Ib rah im , 1933

Subturma A zonale tes  Luber, 1935 emend. R. Potonie^ and Kremp, 1954 

In fra tu rm a  P s i lo n a p i t i  Erdtm an, 1947

Genus INAPERTUROPOLIENITES P f lu g , 1952 ex Thomson 

and P f lu g , 1953 emend. R. P o to n ie , 1958 

Type sp e c ie s :  I n a p e r tu ro p o l le n i te s  dubius (R. Potonie^ and  V e n itz ,

1934 ) Thomson and  P f lu g , 1953 

1934  P o l le n i te s  magnus dubius R. Potonie^ and V enitz  

(p . 1 7 , p l .  2 , f i g .  2 1 ).
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1953 In a p e r tu ro p o l le n i te s  dubius (R. P o ton ie^and  V e n itz , 

193k) Thomson and  P flu g  (p . 6 5 , p l .  4 , f i g .  8 9 , 

p l .  3 , f ig s .  1 - 3 ) '

The problem  o f  v a l i d i t y  and p r i o r i t y  fo r  th e  g e n e ric  name 

In a p e r tu ro p o l le n i te s  i s  s im i la r  to  t h a t  f o r  th e  genus V erru ca to - 

s p o r i t e s , d e sc r ib e d  on p. 59 -  60  o f  th e  p re s e n t s tu d y .

In a p e r tu ra te  p o lle n  w ith  e s s e n t i a l l y  la e v ig a te  o r  f in e ly  

g ra n u la r  ex ine  i s  p la c e d  in  th e  genus I n a p e r tu ro p o l le n i t  es whereas 

in a p e r tu ra te  p o lle n  w ith  a  d e f in i t e  g ra n u la r  ex ine  i s  p la c e d  in  th e  

genus A ra u c a r in c i te s .

INAPERTUROPOLLENITES c f .  I .  PATELLAEFORMIS Weyland and G re ife ld , 1953

P la te  8 , f ig u r e  5 

D iscu ssio n : T his s p e c ie s  was f i r s t  d e sc r ib e d  from th e

Lower Senonian o f  Germany. I t  i s  o f  m inor im portance in  th e  p a ly ­

n o lo g ic a l assem blage o f  th e  Vermejo Form ation c o a ls .

A f f in i ty :  Unknown.

F ig u red  specim en: OPC 83O D -4-2.

INAPERTUROPOLLENITES SP. A 

P la te  8 , f ig u r e s  3 - 4  

P o llen  g ra in s  in a p e r tu r a te ,  o v a l ,  u s u a lly  develop  a  s p l i t  

(see  P la te  8 , f ig u r e  4 ) ,  ex in e  f i n e ly  g ra n u la r ,  o v e r a l l  d im ensions,

2 3 .0  to  3 5 .0  m icrons.

T y p ica l specim en: OPC 83O F -1 -4 . O v e ra ll d im ensions,

2 8 .0  X 3 0 .6  m icrons.

D iscu ssio n : P o lle n  g ra in s  h e re  a t t r i b u t e d  to  I .  sp . A o ccu r
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b o th  w ith  and w ith o u t th e  ex ine  e x h ib i t in g  a  s p l i t .  S p l i t  in a p e r­

tu r a te  p o lle n  g ra in s  have u s u a lly  been a ss ig n e d  to  a  form genus o f  

Taxodium whereas g ra in s  w ith  id e n t ic a l  o rnam en ta tion  b u t n o t s p l i t  

have been  a ss ig n e d  to  th e  genus I n a p e r tu r o p o l le n i te s . I t  i s  obvious 

th e se  two ty pes a re  id e n t i c a l  and sh o u ld  b o th  be p la ce d  in  one genus. 

In a p e r tu ro p o l le n i te s  i s  chosen because  th e  g ra in s  a re  o r ig in a l ly  

in a p e r tu ra te  and th e  s p l i t  i s  a  secondary  c h a ra c te r .

I .  sp . A i s  a  common member o f  th e  p a ly n o lo g ic a l assem blage 

from th e  Vermejo Form ation c o a ls .

A f f in i ty :  R e la te d  to  th e  fam ily  T axodiaceae.

F ig u red  specim ens: OPC 83O F -1 -4  and OPC 831  A -2-1.

INAPERTUROPOLLENITES SP. B 

P la te  8 , f ig u r e  8

P o llen  g ra in s  in a p e r tu r a te ,  o v a l ,  ex in e  la e v ig a te ,  f re q u e n tly  

fo ld e d , o v e r a l l  d im ensions, I 8 .O to  3 8 .0  m icrons.

T y p ica l specim en: OPC 83 I  B -1-3- O v e ra ll d im ensions,

25*5 X 35-5  m icrons.

D iscu ssio n : I .  sp . B i s  most abundant in  s e c t io n  OPC 833,

b u t o ccu rs  r e g u la r ly  in  th e  low er c o a l s e c t io n s .

A f f in i ty :  Unknown.

F ig u red  specim en: OPC 83 I  B -1-3 .

POLLEN TYPE A 

P la te  8 , f ig u r e s  6 - 7

P o llen  g ra in s  in a p e r tu ra te  ( ? ) ,  o u t l in e  s u b c i r c u la r ,  ex ine 

la e v ig a te  to  f in e ly  g ra n u la r  w ith  a  co a rse  r e t i c u l a t i o n  co v erin g  th e
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s u r f a c e ,  lum ina 7*0 to  10 .0  m icrons w ide, m uri su rro u n d in g  each lumina 

s e p a ra te ,  th u s  each m uri i s  double w a lled  (see  P la te  8 , f ig u re  6 ) ,  

o u t l in e  u s u a lly  in v a g in a ted  where m uri a re  p r e s e n t ,  o v e ra l l  d iam e te r ,

3 4 .0  to  4 8 .0  m icrons.

D iscu ssio n : Too few specim ens, th r e e ,  o f  t h i s  p o lle n  type

were observed  to  make a  more d e f in i te  d e s ig n a tio n .

A f f in i ty :  Unknown. I f  th e  m uri a c tu a l ly  s e p a ra te  in d iv id u a l

p o lle n  g ra in s  in  a  p o ly ad , th en  t h i s  form m ight be r e l a t e d  to  th e  

modem genus A cacia (see  Cookson, 1954).

F ig u red  specim en: OPC 833 W-5-15*

In fra tu rm a  G ra n u lo n a p iti Cookson, 1947

Genus APAUCARIACITES Cookson, 1947 ex Couper, 1953 

Type s p e c ie s : (subsequen t d e s ig n a tio n )  A ra u c a r ia c ite s  a u s t r a l i s

Cookson, 1947 (p . 130 , p l .  1 3 , f i g .  3 ) .

Cookson and Duigan ( I 9 5 l ) ,  in  a  work on A u s tra lia n  T e r t ia r y  

A rau ca riaceae  d e sc r ib e d  some p o lle n  ty p ed  o b ta in e d  from f r u c t i f i ­

c a t io n s  o f  A rau ca ria  and A g a th is . I t  was s t a t e d  t h a t  th e  p o lle n  o f  

A gath is  i s  g e n e ra l ly  sm a lle r  th en  th e  p o lle n  o f  A ra u ca ria  and i t  is  

th e  sm a lle r  form  th a t  i s  found in  th e  Vermejo Form ation c o a ls .

AEAUCARIACITES SP. A 

P la te  8 , f ig u r e s  9 -  10

P o lle n  g ra in s  in a p e r tu r a te ,  s p h e r ic a l ,  ex in e  g ra n u la r ,  1 .0  

to  1 .5  m icrons th ic k ,  o v e r a l l  d iam e te r , 2 3 .0  to  3 4 .0  m icrons.
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T y p ica l specim en: OPC 918 F -1-3- O v era ll d iam e te r ,

27 -0  X 2 7 .0  m icrons.

D iscu ssio n : A. sp . A a t t a i n s  a  m oderate abundance in  th e

Vermejo Form ation c o a ls  and i s  p re s e n t in  a l l  s e c t io n s .

A f f in i ty :  A rau ca riacean , p ro b ab ly  r e l a t e d  to  th e  modem

genus A g a th is .

F ig u red  specim ens: OPC 918 F -1 -3  and OPC 83 I  G -2-1.

In fra tu rm a  S p in o n a p iti  Erdtm an, 19^7

POLLEN TYPE B 

P la te  8 , f ig u r e  11

P o llen  in a p e r tu r a te  ( ? ) ,  o u t l in e  s p h e r ic a l ,  ex in e  covered  

w ith  s h o r t  s p in e s ,  2 .0  to  3*0 m icrons lo n g , spaced  2 .0  to  3*0 

m icrons a p a r t ,  o v e r a l l  d iam e te r ex c lu d in g  s p in e s , 3^*0 to  46 .0  

m ic ro n s .

D iscu ssio n : T his p o lle n  ty p e  o c c u rre d  as  a  r a r e  elem ent in

th e  Vermejo Form ation c o a ls .  I t  i s  h e re  d e s ig n a te d  as  P o lle n  Type B 

b ecause  th e  m a jo r ity  o f  specim ens o b serv ed  were fragm en tary  and too  

few com plete specim ens were found to  make a  more d e f in i t e  assignm ent.

A f f in i ty :  Unknown.

F ig u red  specim en: OPC 918 E -1 -21 .

POLLEN TYPE C 

P la te  8 , f ig u re s  12 - I 3

P o llen  In a p e r tu ra te  ( ? ) ,  o u t l in e  i r r e g u la r ,  o v a l to  e lo n g a te , 

ex in e  la e v ig a te  w ith  numerous sp in e s  p ro je c t in g  from s u r f a c e ,  sp in e s
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U.O to  6 .0  m icrons lo n g , sp aced  2 .0  to  6 .0  m icrons a p a r t ,  o v e ra l l  

dim ensions exclu d in g  s p in e s ,  2 8 .0  to  31*0 x 43 .0  to  49 .0  m icrons.

D iscu ssio n : S p o r i te s  ech inosporus R. Po ton ie ', 193kb

(p l .  1 , f i g .  3 3 ) appears  s im i la r  to  th e  p o lle n  type h ere  d e sc rib e d . 

No m ention o f  a  t r i l e t e  mark i s  made in  th e  o r ig in a l  d e s c r ip t io n  

and y e t  R. P o to n ie ' (1956, p . 33) p laced  t h i s  sp ec ie s  in  th e  t r i l e t e  

genus A nem iid ites  R oss, 1949. This t r a n s f e r  i s  no t a cc e p ted  because 

a  t r i l e t e  mark vas observed  in  n e i th e r  th e  o r ig in a l  i l l u s t r a t i o n  by 

R. P o ton ie  n o r in  th e  specim ens h ere  observed . This form probab ly  

belongs in  th e  Turma P o l le n i te s  r a th e r  th a n  in  th e  Turma S p o r ite s . 

Van d e r Hammen (1954, t a b le  2 ) i l l u s t r a t e d  a  m o rp h o lo g ica lly  s im ila r  

form , M onocolpites ru e d a e , from th e  M a e s tr ic h tia n  o f  Colombia.

Too few specim ens o f  t h i s  p o lle n  ty p e  were observ ed  to  

w arran t a  more p re c is e  assignm en t.

A f f in i ty :  Unknown.

F ig u red  specim ens: OPC 833 A-2-5 and OPC 833 A-2-3-

Turma PLICATES, PLICATA o f  Naumova, 1937 emend. R. Po ton ie ', I 96O 

Subturma P ra e c o lp a te s  R. P o ton ie ' and Kremp, 1954

Genus EUCOMMIIDii'ES Erdtm an, 1948 emend. Couper, 1958 

Type s p e c ie s :  Eucom m iidites t r o e d s o n i i  Erdtm an, 1948 (p . 267-268,

t e x t  f i g s .  5 - 1 0  and 13 - 1 5 ).

T h is genus, o r ig i n a l ly  d e sc r ib e d  by Erdtman (1948) a s  a  

t r i c o l p a t e  p o lle n  g ra in ,  was su b seq u en tly  emended by Couper (1958) 

who in te r p r e te d  th e  morphology a s  b e in g  m onosu lcate . Hughes (1961 )
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a ls o  emended th e  genus and he in te r p r e te d  th e  morphology as  b e ing  zor.i- 

s u lc a te .

EUCOiMIIDITES c f .  E. MINOR G root and  Penny, 1961 

P la te  8 , f ig u r e  I 6

D iscu ssio n : T his sp e c ie s  i s  s m a lle r  th an  th e  s iz e  range

fo r  th e  ty p e  s p e c ie s ,  E. t r o e d s o n i i , b u t fav o ra b ly  compares w ith  th e  

s iz e  range o f  E. m inor. However, th e  t r i c o l p a t e  i n te r p r e ta t io n  o f  

th e  p o lle n  g ra in  by G root and Penny (1961 ) i s  n o t a c c e p te d  in  t h i s  

s tu d y . A m onosulcate o r  z o n is u lc a te  in t e r p r e t a t i o n  seems more 

p r a c t i c a l .

E. c f .  E. m inor o c c u rre d  r a r e ly  in  th e  p a ly n o lo g ic a l 

assem blage o f  th e  Vermejo Form ation c o a ls .

A f f in i ty :  P robably  gymnospermous.

F ig u red  specim en: OPC 83 I  F -3 -4 .

Subturma P o ly p l ic a te s  Erdtm an, 1952

Genus EPHEDRIPITES B o lc h o v itin a , 1953 

Type s p e c ie s :  E p h e d rip ite s  m ed io lobatus B o lc h o v itin a , 1953

(p . 6 0 , p l .  9 , f i g .  1 5 ) .

EPHEDRIPITES SP. A 

P la te  7 , f ig u r e s  11 - 12

P o llen  p o ly p l ic a te ,  e l l i p s o i d a l ,  f iv e  o r  s ix  r id g e s  a l t e r ­

n a tin g  w ith  furrow s ex ten d  to  p o la r  re g io n , p o la r  th ic k e n in g s  $ .0  to

7 .0  m icrons w ide, 2 .0  to  3*0 m icrons th ic k ,  r id g e s  d i s t i n c t  from p o la r
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th ic k e n in g s , ex ine la e v ig a te ,  1 .0  m icron th ic k ,  o v e ra l l  d im ensions,

2 1 .0  to  2 4 .0  X 4 l.O  to  44 .0  m icrons.

D iscu ssio n : E p h e d rip ite s  c o rru g a tu s  W ilson, 19^2, d e sc r ib e d

from th e  F low erpot Form ation (Perm ian) o f  Oklahoma, i s  m o rp h o lo g ica lly  

s im i la r  to  th e  forms observed  in  th e  Vermejo Form ation c o a ls .  I t  i s  

o b v io u s , however, t h a t  th ey  a re  n o t r e l a t e d  to  th e  same s p e c ie s .

Only two specim ens o f  t h i s  sp ec ie s  were found in  th e  Vermejo 

Form ation c o a ls ,  b o th  from le v e l  C, s e c t io n  OPC 833-

A f f in i ty :  G netalean .

F ig u red  specim ens: OPC C-1-3 and OPC 833 0 -1 -4 .

Genus EPHEDRA (T o u m e fo rt, 173?) L innaeus, 1753 

Tÿpe s p e c ie s :  Ephedra d ls ta ch y s  L innaeus, 1753» S pecies P lan tarum ,

v o l. 2 , p . 1040

EPHEDRA c f .  E. NOTENSIS Cookson, 1956 

P la te  8 , f ig u r e s  1 - 2

D iscu ssio n : T his sp e c ie s  i s  p la c e d  in  th e  genus Ephedra

r a th e r  th a n  in  th e  genus E p h e d rip ite s  because  th e  forms h e re  observed  

a re  undoubted ly  r e l a t e d  to  th e  modem genus. E. c f .  E. n o te n s is  

occurs m ain ly  in  th e  low er p a r t  o f  th e  Vermejo Form ation c o a ls  s e c t io n s  

and i s  e s p e c ia l ly  abundant in  le v e l  A, s e c t io n  OPC 83I .

A f f in i ty :  R e la te d  to  th e  modem genus E phedra.

F ig u red  specim ens: OPC 831 A-3-8 and  OPC 831 A - I -3 .

Subturma M onocolpates Iv e rso n  and T ro e ls -S m ith , 1950

In fra tu rm a  I n to r t  e s , I n to r ta  o f  Naumova, 1937 emend. R. Potunid^

1958
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Genus CYCADOPITES Wodehouse, 1933 ex W ilson and W ebster, 1946 

Type s p e c ie s :  C ycadopites f o l l i c u l a r i s  W ilson and W ebster, 19^6

(p. 27k , p l .  1 , f i g .  7 ).

CYCADOPITES ? SP.

P la te  8 , f ig u re  I 9

P o llen  m onosu lcate , e l l i p s o i d a l ,  su lc u s  lo n g , ex tends 

le n g th  o f  g ra in ,  1 .0  to  3*0 m icrons w ide, ex in e  f in e ly  g ra n u la r ,  

o v e ra l l  d im ensions: I 8 .O to  2 2 .0  x 2 6 .0  to  3 2 .0  m icrons.

D iscu ssio n : Only a  few specim ens o f  t h i s  sp e c ie s  were

observed  from th e  p a ly n o lo g ic a l assem blage. A lthough th e  forms 

were f in e ly  g ra n u la r  th ey  ap p ea red  to  have a  c lo se  a f f i n i t y  w ith  th e  

genus C y cad o p ites .

A f f in i ty :  Cycadaceae.

F ig u red  specim en: OPC 83O AA-1-6.

In fra tu rm a  R e te c tin e s  M aljav k in a , 19^9 emend R. Potonie'", 1958

Genus MONOSULCITES Cookson, 19^7 ex Couper, 1953 

Type s p e c ie s :  (subsequen t d e s ig n a tio n )  M onosu lc ites  minimus

Cookson, 191^7 (p . 135 , p l .  1 5 , f i g s .  47 -  5 0 ).

MONOSULCITES c f .  M. MINIMUS Cookson, 19^7

P la te  8 , f ig u re  I 5

D iscu ssio n : T his s p e c ie s  i s  a  r a r e  elem ent in  th e  Vermejo

Form ation c o a ls .

A f f in i ty :  G inkgoalean , p robab ly  r e l a t e d  to  th e  genus Ginkgo.

F ig u red  specim en: OPC 83I  A - I - I8 .
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MONOSULCITES c f .  M. CARPENTIERI D elco u rt and Sprumont, 1955

P la te  8 , f ig u re  l4  

D iscu ssio n : This s p e c ie s  o c cu rred  r a r e ly  in  th e  palyno ­

lo g ic a l  assem blage o f  th e  Vermejo Form ation c o a ls .

A f f in i ty :  B e n n e t t i ta le a n ,  a cco rd in g  to  Couper (1958, p. 158). 

F ig u red  specim en: OPC 833 0 -2 -7 .

Genus LILIACIDITES Couper, 1953 

Type s p e c ie s :  L i l i a c id i t e s  k a i ta n g a ta e n s is  Couper, 1953 (p- 56,

p l .  1 , f i g .  9 7 ).

LILIACIDITES c f .  L. KAITANGATAENSIS Couper, 1953 

P la te  8 , f ig u re  17 

D iscu ssio n : The few specim ens found in  th e  Vermejo Form ation

c o a ls  a re  s l i g h t l y  s m a lle r  th a n  th e  s iz e  range  n o ted  f o r  th e  sp e c ie s  by 

Couper (l9 5 3 f P* 5 6 ) , b u t do n o t vary  s u f f i c i e n t l y  to  w arran t e s ta b ­

lish m en t o f  a  new s p e c ie s .

A f f in i ty :  L il ia c e o u s .

F ig u red  specim en: OPC 83I  A -2-18.

LILIACIDITES c f .  L. INTERMEDIUS Couper, 1953 

P la te  8 ,  f ig u re  I 8  

D iscu ssio n : A lthough th e  specim ens observed  in  th e  Vermejo

Form ation c o a ls  a re  s l i g h t l y  s m a lle r  th an  th e  o r ig in a l  s iz e  range 

n o ted  f o r  th e  s p e c ie s ,  th ey  a r e  s t i l l  r e f e r a b le  to  L. in te rm e d in s .

T his sp e c ie s  i s  p re s e n t in  a l l  s e c t io n s  b u t th e  upperm ost, OPC 833- 

A f f in i ty :  L il ia c e o u s .

F ig u red  specim en: OPC 83I  A-2-23-
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In fra tu rm a  Monoptyches Naumova, 1937 emend. R. P o ton ie '’, 1958

Genus SABALPOLLSNITES T h ie rg a r t ,  1938 

Type s p e c ie s ;  S a b a lp o lle n ite s  convexus T h ie rg a r t ,  1938 (p . 308, 

p l .  2 U, f ig .  1 5 ).

SABALPOLLENITES SP. A 

P la te  9 , f ig u r e s  1 - 2  

P o llen  m onocolpate, b i l a t e r a l ,  o v o id , co lpus ex tends a lm ost 

e n t i r e  le n g th  o f  g r a in ,  ex ine  g ra n u la r ,  o r  f a i n t l y  n e g a tiv e  r e t i c u l a t e ,  

o v e ra l l  d im ensions, 2 k .0 to  3 k .0 x 2 6 .0  to  kk.O m icrons.

T y p ica l specim en: OPC 918 B-5-7* O v e ra ll d im ensions,

32 .0  X  kO.O m icrons.

D iscu ssio n : S. sp . A o ccu rs  r e g u la r ly  th ro u g h o u t th e

Vermejo Form ation c o a ls .

A f f in i ty :  R e la te d  to  th e  modem palm genus S a b a l.

F ig u red  specim ens: OPC 918 B -5-7 and  OPC 9 l8  B -5-1 .

SABALPOLLENITES SP. B 

P la te  8 , f ig u r e  20 

P o llen  g ra in s  m onocolpate, b i l a t e r a l ,  o v o id , co lpus b ro ad , 

ex tends a lm o st e n t i r e  le n g th  o f  g r a in ,  ex in e  f in e ly  g ra n u la r  g iv in g  

im pression  o f  n e g a tiv e  re tic u lu m , o v e r a l l  d im ensions, 2 k . 0 to  2 7 .0  x

3 0 .0  to  3 2 .0  m icrons.

T y p ica l specim en: OPC 830 A -k-12. O v e ra ll d im ensions,

2 5 .5  X 3 0 .6  m icrons.

D iscu ssio n : T h is s p e c ie s  d i f f e r s  from S. sp . A p r im a r i ly
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in  th e  b ro ad  colpus and th e  rounded co lpus a p ic e s . R e c to s u lc i te s  

A nderson, i 960  i s  m o rp h o lo g ica lly  s im i la r  to  th e  sp e c ie s  h e re  d e sc rib e d  

excep t f o r  th e  g ra n u la r  ex in e .

In  th e  assem blage coun ts S. sp . A and S. sp . B were grouped 

fo r  convenience and because  th ey  ap p ea r to  have a  s im i la r  b o ta n ic a l  

a f f i n i t y .

A f f in i ty :  R e la te d  to  th e  modem palm genus S a b a l.

F ig u red  specim en: OPC 830  A -4-12.

Subturma T r ip ty c h e s , T rip ty c h a  o f  Naumova, 1937 emend.

R. Potonie"^ 196O

Genus TRICOLPITES Cookson, 19^7 ex Couper, 1953 

Type s p e c ie s :  (Subsequent d e s ig n a tio n )  T r lc o lp i te s  r e t i c u l a t u s

Cookson, 1947  (p . 134 , p l .  1 5 , f i g .  4$ ).

The form genus T r ic o lp i te s  was e s ta b l is h e d  f o r  t r i c o lp a t e  

angiosperm ous p o lle n  g ra in s  o f  u n c e r ta in  a f f i n i t y .

TRICOLPITES c f .  T. RETICULATUS Cookson, 19^7 

P la te  9 , f ig u r e s  3 - 4

P o lle n  g ra in s  t r i c o l p a t e ,  p r o la t e ,  c o lp i  ex ten d  to  p o le s , 

ex ine  a b o u t 1 .0  m icron th ic k ,  r e t i c u l a t e ,  lum ina g e n e ra l ly  1 .0  m icron 

w ide, o v e r a l l  d im ensions, 1 8 .O to  2 1 .0  x 23 -0  2 8 .0  m icrons.

T y p ica l specim en: OPC 833 B -1-2 . O v e ra ll d im ensions,

p o la r  v iew , 2 3 .0  x 2 3 .0  m icrons.

D iscu ssio n : T h is sp e c ie s  i s  a  m ajo r f l o r a l  e lem ent and

occurs th ro u g h o u t th e  Vermejo Form ation c o a ls .  I t  i s  m ost abundant
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in  th e  t r a n s i t i o n a l  l i th o lo g ie  sam ples, i . e .  co a l u n d e rly in g  s h a le .

A f f in i ty :  Probably  r e l a t e d  to  th e  modem angiosperm

fam ily  S a lic a c e a e .

F ig u red  specim ens: OPC 033 B-1-2 and  OPC 831 H -I-3 .

TRICOLPITES SP. A 

P la te  9 ,  f ig u re s  7 - 8  

P o llen  g ra in s  t r i c o l p a t e ,  p r o la te ,  c o lp i  ex ten d  to  p o le s , 

ex ine  1 .0  m icron th ic k ,  f in e ly  g ra n u la r ,  g iv in g  im pression  o f  neg­

a t iv e  r e t i c u l a t i o n ,  o v e r a l l  d im ensions, 1 9 -0  to  2 3 .0  x 2 6 .0  to  3O.O 

m icro n s.

T y p ica l specim en: OPC 83O E-5-3- O v e ra ll d im ensions, 2 2 .0

X 2 8 .0  m icrons.

D iscu ssio n : T his s p e c ie s  i s  one o f  th e  more abundant

p a ly n o lo g ic a l elem ents in  th e  Vermejo Form ation  c o a ls . I t  occurs 

in  a l l  le v e l s  from a l l  s e c t io n s  and  a t t a i n s  a  maximum abundance o f

2 8 .0  p e rc e n t in  th e  low er p a r t  o f  s e c t io n  OPC 83 I .

Affinity: Unknown angiospermous pollen.

F ig u red  specim ens: OPC 83O E -5-3  an d  OPC 83 I  A -2 -lô .

TRICOLPITES SP. B 

P la te  9f  f ig u re  1?

P o lle n  g ra in s  t r i c o l p a t e ,  p r o la te ,  c o lp i  ex ten d  a lm ost to  

p o le s ,  ex in e  la e v ig a te ,  1 .5  to  2 . 0  m icrons th ic k ,  o v e r a l l  d im ensions,

1 8 .0  to 2 2 .0  X 2 9 .0  to 35*0 microns.

T y p ica l specim en: OPC 033 V -1-8. O v e ra ll d im ensions,

1 8 .0  X 29"0 m icrons.
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D iscu ssio n : T r ic o lp i te s  sp . B i s  one o f  th e  abundant p o lle n

ty pes in  th e  Vermejo Form ation c o a ls .  The th ic k e r  ex ine  and la r g e r  

s iz e  d is t in g u is h  t h i s  sp e c ie s  from T r ic o lp i te s  sp . C.

A f f in i ty :  Unknown angiosperm ous p o lle n .

F ig u red  specim en: OPC 833 V-1-8.

TRICOLPITES SP. C 

P la te  9> f ig u r e s  5 - 6  

P o lle n  g ra in s  t r i c o l p a t e ,  s p h e r ic a l  to  p r o la t e ,  c o lp i  

ex ten d  a lm ost to  p o le s ,  ex ine  la e v ig a te  o r  f in e ly  g ra n u la r ,  o v e r a l l  

d im ensions, 15 .O to  2 0 .0  m icrons.

T y p ica l specim en: OPC 83O J -2 -5 -  O v e ra ll d im ensions,

1 8 .0  X 1 8 .0  m icrons.

D iscu ssio n : T his s p e c ie s  occurs in  m oderate numbers in

th e  Vermejo Form ation c o a ls ' p a ly n o lo g ic a l assem blage.

A f f in i ty :  Unknown angiosperm ous p o lle n .

F ig u red  specim ens: OPC 83O J -2 -5  an d  OPC 833 Q -1-1.

TRICOLPITES SP. D 

P la te  9 ; f ig u r e s  I 3 - l 4  

P o llen  g ra in s  t r i c o l p a t e ,  p r o la te ,  c o lp i  b ro a d , 3 -0  m icrons 

wide a t  e q u a to r , c o lp i  u n i te d  a t  one p o le , ex in e  f in e ly  r e t i c u l a t e ,  

o v e r a l l  d im ensions, 25*0  to  3 0 .0  m icrons.

T y p ica l specim en: OPC 833 N-2-15* O v e ra ll d im ensions,

2 7 .0  X 2 8 .0  m icrons.

D iscu ssio n : T r ic o lp i te s  sp . D p o sse sse s  an unusual morpho­

lo g ic a l  c h a r a c te r  in  th e  f a c t  t h a t  th e  c o lp i  a r e  u n i te d  a t  o n ly  a
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3 in g le  p o le . T h is f e a tu re  i s  i l l u s t r a t e d  on P la te  f ig u r e s  13 - l4

which show th e  two p o le s  o f  a  s in g le  specim en.

T his s p e c ie s  occu rs  r a r e ly  in  s e c t io n  OPC 8 3 3 , where i t  i s  

m ainly r e s t r i c t e d  to  le v e l  N.

A f f in i ty :  Unknown angiosperm ous p o lle n .

F ig u red  specim en: OPC 833 N -2-15.

TRICOLPITES SP. E 

P la te  9> f ig u r e s  I 9 - 20 

P o llen  g ra in s  t r i c o l p a t e ,  s p h e r ic a l ,  c o lp i  s h o r t ,  8 .0  to

1 0 .0  m icrons lo n g , l i p s  th ic k e n e d , ex ine  2 . 0  to  2 .5  m icrons th ic k ,  

la e v ig a te  to  f in e ly  g ra n u la r ,  o v e r a l l  d im ensions, 3 3 .0  to  3 6 .0  

m icrons.

T y p ica l specim en: OPC 833  U-3-3- O v era ll d im ensions,

3 5 .0  X 35*0  m icrons.

D iscu ssio n : T his s p e c ie s  i s  a  m inor c o n s t i tu e n t  o f  th e

Vermejo Form ation c o a ls  and was n o t found s t r a t i g r a p h ic a l ly  h ig h e r  th a n  

th e  low er few le v e l s  o f  s e c t io n  OPC 8 3 3 .

A f f in i ty :  Unknown angiosperm ous p o lle n .

F ig u red  specim ens: OPC 833 U-3-3 and  OPC 833 U-2-3»

TRICOLPITES SP. F 

P la te  9 ,  f ig u r e s  11 -  12 

P o llen  g ra in s  t r i c o l p a t e ,  s p h e r ic a l ,  c o lp i  ex ten d  alm ost to  

p o le s , ex in e  b a c u la te ,  o v e ra l l  d im ensions, I 6 .O to  I 9 .O m icrons.

T y p ica l specim en: OPC 833 X-3-13* O v e ra ll d im ensions,

17 .0  X 1 7 .0  m icrons.
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D iscu ssio n : T r ic o lp i te s  sp . F occu rs  p r im a r i ly  in  th e

upper s e c t io n s ,  OPC 8 3 I  and OPC 833 , o f  th e  Vermejo Form ation co a ls  

where i t  i s  g e n e ra lly  r e s t r i c t e d  to  th e  t r a n s i t i o n a l  l i th o lo g ie  

sam ples, i . e .  co a l o v e rly in g  s h a le .

A f f in i ty :  Unknown angiosperm ous p o lle n .

F ig u red  specim ens: OPC 833 X-3-13 and OPC 833 X-5- 1 .

TRICOLPITES SP. G 

P la te  9 , f ig u r e s  9 - 1 0

P o lle n  g ra in s  t r i c o l p a t e ,  p r o la t e ,  c o lp i  ex ten d  a lm ost to  

p o le s , ex in e  la e v ig a te  excep t a t  p o le s ,  p o la r  re g io n s  r e t i c u l a t e ,  

lum ina abou t 1 .0  m icron w ide, o v e r a l l  d im ensions, l 4 .0  to  I 8 .O x

2 0 .0  to  2 4 .0  m icrons.

T y p ica l specim en: OPC 918  C -2-28. O v e ra ll d im ensions,

17-0 X 2 2 .0  m icrons.

D iscu ssio n : The d ia g n o s t ic  f e a tu r e  o f  t h i s  s p e c ie s  i s  th e

r e t i c u l a t e  p o la r  a r e a ,  see  P la te  9 , f ig u r e  10. The s p e c ie s  was ob serv ed  

as a  r a r e  f l o r a l  elem ent from a l l  s e c t io n s  ex cep t th e  upperm ost.

A f f in i ty :  Unknown angiosperm ous p o lle n .

F ig u red  specim en: OPC 918  C -2-28.

TRICOLPITES SP. H

P la te  9 , f ig u r e  I 6

P o lle n  g ra in s  t r i c o l p a t e ,  p r o la t e ,  c o lp i  ex ten d  to  p o le s , 

c o lp i l i p s  th ic k e n e d , ex ine  r e t i c u l a t e ,  lum ina 0 .5  to  I .5  m icrons w ide, 

lum ina l a r g e r  in  e q u a to r ia l ,  in te rc o lp a e  a r e a ,  m uri 1 .0  to  I .5  m icrons 

w ide, o v e r a l l  d im ensions, 35*0 to  4 4 .0  m ic ro n s , in  p o la r  view .
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D iscussion : Only a  few specim ens o f  t h i s  p o lle n  g ra in  were

observed  in  th e  Vermejo Form ation c o a ls .

A f f in i ty :  Unknown angiosperm ous p o lle n .

F ig u red  specim en: OPC 918 F-1-10 .

TRICOLPrrES SP. I

P la te  9> f ig u re  l 8

P o llen  g ra in s  t r i c o l p a t e ,  t r i l o b a t e  in  p o la r  v iew , c o lp i  

ex ten d  to  p o le s ,  l i p s  th ic k e n e d , ex ine  r e t i c u l a t e ,  lum ina 1 . 0  to  2 .0  

m icrons w ide, m uri s l i g h t l y  r a i s e d ,  o v e ra l l  d im ensions, 35*0  to  4 l.O  

m icrons.

D iscu ssio n : Only a  few specim ens o f  t h i s  form were found

in  th e  Vermejo Form ation c o a ls .

A f f in i ty :  Unknown angiosperm ous p o lle n .

F ig u red  specim en: OPC 9 l8  E-1-3-

TRICOLPITES SP. J  

P la te  10 , f ig u r e s  1 - 2

P o llen  g ra in s  t r i c o l p a t e  ( t r i c o l p o r a t e  ? ) ,  o u t l in e  t r i l o b a t e  

in  p o la r  v iew , c o lp i  ex ten d  a lm ost to  p o le s , ex in e  f in e ly  r e t i c u l a t e  

in  p o la r  and  i n t e r  c o lp i  a r e a s ,  la e v ig a te  a d ja c e n t  to  c o lp i ,  o v e r a l l  

d im ensions, 2 0 .0  to  2 9 .0  m icrons.

T y p ica l specim en: OPC 83O F-3-1- O v e ra ll d im ensions,

2 6 .0  X  2 6 .0  m icrons.

D iscu ssio n : A few specim ens o f  t h i s  sp e c ie s  e x h ib i t

i n d i s t i n c t  c i r c u l a r  po res e q u a to r ia l ly  in  th e  c o lp i  a re a . However, 

th e  number o f  specim ens was to o  sm all to  d e f in i t e ly  r e l a t e  th e  sp e c ie s
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to  a  t r i c o lp o r a te  form genus.

This p o lle n  type  i s  a  m ajor c o n s t i tu e n t  o f  th e  p a ly n o lo g ic a l 

assem blage o f  th e  Vermejo Form ation c o a ls .

A f f in i ty ;  Unknown angiosperm ous p o lle n .

F ig u red  specim en: CPC 830  F -3 -1 .

TRICOLPITES SP. K 

P la te  10 , f ig u re  3

P o llen  g ra in s  t r i c o lp a t e  ( t r i c o lp o r a t e  ? ) ,  o u t l in e  concave 

t r i a n g u la r  in  p o la r  view , c o lp i  s h o r t ,  ex ine  la e v ig a te ,  o v e ra l l  

d im ensions, 19 .O to  2 6 .0  m icrons.

T y p ica l specim en: OPC 83O K -2-1. O v e ra ll d im ensions,

2 0 .4  X 2 3 .0  m icrons.

D iscu ssio n : Only a  f a i n t  im pression  o f  pores in  th e  c o lp i

a re a  was observed . Because th e  m a jo r ity  o f  specim ens were o r ie n te d  

in  p o la r  view i t  was n o t p o s s ib le  to  in v e s t ig a te  t h i s  p o s s i b i l i t y  

more f u l l y .  The s p e c ie s  i s  a  r a r e  elem ent in  th e  p a ly n o lo g ic a l 

assem blage.

A f f in i ty :  Unknown angiosperm ous p o lle n .

F ig u red  specim en: OPC 83O K -2-1.

Genus DICORYPHE T houars, l804  

Type s p e c ie s :  D icoryphe s t ip u la c e a  S t. H i l a i r e ,  I 80 5 , Expos. Fam .,

v o l. 2 , p . 348.

DICORYPHE ? SP.

P la te  10, f ig u r e s  4 - 5

P o lle n  t r i c o l p a t e  ( ? ) ,  s p h e r ic a l  to  s u b s p h e r ic a l ,  c o lp i
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i n d i s t i n c t ,  re tic u lu m  co v erin g  p o lle n  s u r fa c e ,  r a i s e d  and in  some 

cases  ten d in g  to  p u l l  f r e e  from main p o lle n  body, lum ina U.5 to  11 .0  

m icrons w ide, muri 1 .0  to  2 .0  m icrons w ide, 2 .0  to  5-0  m icrons h ig h , 

o v e ra l l  d iam e te r , 30*0  to  5 5 microns .

T yp ica l specim en: OPC 918 C -3-^. O v e ra ll d iam e te r ,

3 ^ .0  X 3^*0 m icrons.

D iscu ssio n : Specimens found in  th e  Vermejo Form ation c o a ls

resem ble D. s c o t ia  Sim pson, 1961 , b u t th e  t r i c o l p a t e  s t r u c tu r e  was 

observed  on on ly  a  few specim ens. I t  may p o s s ib ly  be h idden  on o th e r  

specim ens by th e  r e t i c u l a t i o n ,

D icoryphe ? sp . i s  a  r a r e  elem ent in  th e  p a ly n o lo g ic a l 

assem blage o f  th e  Vermejo Form ation c o a ls .

A f f in i ty :  Simpson (1961 ,  p . 459 ) s t a t e d  t h a t  th e  genus i s

a  member o f  th e  fam ily  Hamamelidaceae and  i s  endemic to  M adagascar. 

F ig u red  specim ens: OPC 918  C -3-4 and  OPC 919 B -2-3 .

Genus AQUILAPOLLENITES Rouse, 1957 

Type s p e c ie s :  A q u ila p o lle n ite s  q u ad rilo b u s  Rouse, 1957 (p* 370).

AQUILAPOLLENITES c f .  A. NOVACOLPITES Funkhouser, I 961

P la te  10 , f ig u r e  6 

D iscu ssio n : T h is s p e c ie s  was d e sc r ib e d  from th e  Mesa Verde

Form ation (Campanian) o f  Vtyoming. The specim en which b e s t  shows th e  

c h a r a c t e r i s t i c  fu rrow  betw een th e  p ro t r u s io n s ,  on and p a r a l l e l  to  th e  

e q u a to r , p o sse sse s  o n ly  two e q u a to r ia l  p ro tru s io n s  ex ten d in g  from th e  

main a x is  in s te a d  o f  th e  u s u a l th r e e .  T h is v a r ia t io n  i s  c o n s id e re d  

m inor and th e  specim en i s  r e l a t e d  t o  th e  sp e c ie s  d e sc r ib e d  by Funk-
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h o u ser. Only th re e  specim ens o f  t h i s  sp e c ie s  were found in  th e  

Vermejo Form ation c o a ls .

A f f in i ty :  Funkhouser (1961 , p . 193) s ta t e d  t h a t  th e  c lo s e s t

modem c o u n te rp a r ts  a re  w ith  th e  fam ily  S a n ta la c e a e .

F ig u red  specim en: OPC G -3-2.

AQUILAPOLLENITES c f .  A. POLARIS Funkhouser, I 961 

P la te  10, f ig u re s  7 - 8  

D iscu ssio n : A. p o la r i s  was d e sc r ib e d  from th e  Lance Form ation

(M a e s tr ic h tia n )  o f  Vfyoming. P o llen  a t t r i b u t e d  to  th e  s p e c ie s  from th e  

Vermejo Form ation c o a ls  i s  id e n t i c a l  w ith  th e  sp e c ie s  d e sc r ib e d  by 

Funkhouser in  a l l  b u t one a s p e c t .  The co lpus on each e q u a to r ia l  p ro ­

t r u s io n  i s  a p p a re n tly  con tinuous th ro u g h  th e  t i p  o f  th e  p ro tru s io n  

and makes th e  sp e c ie s  t r i c o l p a t e  r a th e r  th a n  tr id e m ic o lp a te  (see  

P la te  10 , f ig u r e  7)-

A f f in i ty :  P o s s ib ly  r e l a t e d  to  th e  fam ily  S a n ta la c e a e .

Subturma P ty c h o tr ip o r in e s , P ty c h o tr ip o r in a  o f  Naumova, 1937 

In fra tu rm a  P r o l a t i  Erdtm an, 19^3

Genus TRICOLPOROPOLLENITES P f lu g , 1952 ex 

Thomson and P f lu g , 1953 

I ^ e  s p e c ie s :  T r ic o lp o ro p o lle n i te s  dolium  (R. P o ton ië ', 1931)

Thomson and  P f lu g , 1953 

1931b  P o l le n i te s  dolium  R. P o ton ie '' (p . 25 , p l .  l ) .

1953 T r ic o lp o ro p o lle n i te s  dolium  (R. Potonie'^ 1931)

Thomson and  P flu g  (p . 9 8 , p l .  12 , f ig s .  I l 4  -  117).
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R. Potonie^ (1960 , p . 101) p la ce d  t h i s  genus in  synonomy 

w ith  R h o ip ite s  Wodehouse, 1933* T his t r a n s f e r  le av e s  no v a l id  form 

genus fo r  t r i c o lp o r a te  p o lle n  o f  unknown angiosperm ous a f f i n i t y  and 

hence th e  t r a n s f e r  i s  no t re c o g n ize d  in  th e  p re s e n t  s tu d y .

The problem  o f  v a l id i t y  and p r i o r i t y  f o r  th e  g e n e r ic  name 

T r ic o lp o ro p o lle n ite s  i s  s im i la r  to  th a t  f o r  th e  genus V e rru ca to - 

s p o r i t e s , d e sc r ib e d  on p . 59 - 60  o f  th e  p re s e n t  s tu d y .

TRICOLPOROPOLLENITES SP. A

P la te  10, f ig u r e s  12 -  13

P o lle n  g ra in s  t r i c o l p o r a t e ,  p r o la te ,  th ic k e n e d  l i p s  on 

e i th e r  s id e  o f  c o lp i ,  c o lp i  ex ten d  a lm ost to  p o le s ,  p o res e q u a to r ia l ,  

ex ine  m ic r o r e t ic u la te ,  o v e r a l l  d im ensions, 3 6 .0  to  U2 . 0  x k6 . 0  to

5 4 .0  m icrons.

T y p ica l specim en: OPC 833 W-2-17- O v e ra ll d im ensions,

3 8 .0  X  Uj.O m icrons.

D iscu ssio n : T his s p e c ie s  occu rs  ab u n d an tly  in  a l l  s e c t io n s

o f  th e  Vermejo Form ation c o a ls .

A f f in i ty :  P o s s ib ly  r e l a t e d  to  th e  modem genus R hus, a

member o f  th e  fam ily  A n aca rd iaceae .

F ig u red  specim ens: OPC 833  W-2-17 and  OPC 918  B -2-7-

TRICOLPOROPOLLENITES SP. B 

P la te  1 0 , f ig u r e  11

P o lle n  g ra in s  t r i c o l p o r a t e ,  o u t l in e  t r i a n g u la r ,  s id e s  

s l i g h t l y  convex, c o lp i  ex ten d  to  p o le s , p o res  e q u a to r ia l ,  p o re s  in ­

d i s t i n c t ,  ex in e  f in e ly  g ra n u la r ,  o v e r a l l  d im ensions, 2 4 .0  to  31 .O 

m icrons.
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T y p ica l specim en: OPC 831 A-2 - 36 . O v e ra ll d im ensions,

2 8 .0  X 2 8 .0  m icrons.

D iscu ssio n : This sp e c ie s  is  r e s t r i c t e d  in  abundance to

th e  low er p a r t  o f  s e c t io n  OPC 8 3 1 , b u t does o ccu r s p a r s e ly  in  OPC 83O 

and OPC 918.

A f f in i ty :  T. sp . B i s  p robab ly  r e l a t e d  to  th e  modem

fam ily  Rhamnaceae.

F ig u red  specim en: OPC 83 I  A-2-36.

TRICOLPOROPOLLENITES SP. C 

P la te  10 , f ig u r e s  9 - 1 0  

P o lle n  g ra in s  t r i c o l p o r a t e ,  o u t l in e  t r i a n g u la r ,  s id e s  

s l i g h t l y  convex, c o lp i  ex ten d  to  p o le s ,  po res e q u a to r ia l ,  i n d i s t i n c t ,  

ex ine  f in e ly  and  i r r e g u la r ly  r e t i c u l a t e ,  lum ina 1 .0  m icron w ide, 

o v e ra l l  d im ensions, 2 $ .0  to  3O.O m icrons.

T y p ica l specim en: OPC 833 N -5-?. O v e ra ll d im ensions,

2 8 .0  X  2 8 .0  m icrons.

D iscu ssio n : T his s p e c ie s  d i f f e r s  m o rp h o lo g ica lly  from

T. sp . B in  th e  r e t i c u l a t e  ex ine  (se e  P la te  10 , f ig u r e  1 0 ). I t  i s  

r e s t r i c t e d  to  th e  upperm ost c o a l (OPC 8 3 3 ) o f  th e  Vermejc Form ation 

where i t  o ccu rs  s p a r s e ly .

A f f in i ty :  P o ss ib ly  r e l a t e d  to  th e  modem fam ily  Rhamnaceae.

F ig u red  specim en: OPC 833 N-5-7«

TRICOLPOROPOLLENITES SP. D 

P la te  10 , f ig u re  15 

P o lle n  g ra in s  t r i c o l p o r a t e ,  p r o la te ,  ex in e  la e v ig a te  to
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f in e ly  g ra n u la r ,  1 .0  m icron th ic k ,  c c lp i  narrow , 10 .0  to  1 3 .O m icrons 

lo n g , p o res o v a l, 2 . 0  to  3*0 m icrons h ig h , 3*0 to  U.5  m icrons w ide, 

o v e ra l l  d im ensions, 1 9 .O to  23*0 x 2 6 .0  to  29-0  m icrons.

D iscu ssio n : Only a  few specim ens o f  t h i s  sp e c ie s  were

found in  th e  Vermejo Form ation c o a ls .

A f f in i ty :  Unknown angiosperm ous p o lle n .

F ig u red  specim en: OPC 833  M-3-9-

In fra tu rm a  O b la ti  Erdtm an, 19^3

Genus CUPANIEIDITES Cookson and  P ik e , 195^

Type s p e c ie s :  C u p a n ie id ite s  o r th o te ic h u s  Cookson and P ik e , 1954

(p. 2 1 3 , P l .  2 , f i g .  7 5 ).

CUPANIEIDITES c f .  C. MAJOR Cookson and P ik e , 1954- 

P la te  11 , f ig u r e  1

D iscu ssio n : T h is sp e c ie s  was f i r s t  d e sc r ib e d  from th e

Eocene o f  A u s t r a l ia .  The on ly  d if f e r e n c e  betw een th e  o r ig in a l  d e sc r ib e d  

sp e c ie s  and  th e  p re s e n t  specim ens i s  th e  s l i g h t l y  l a r g e r  p o la r  is la n d s  

ob serv ed  in  th e  l a t t e r .  I t  i s  r a r e ly  found in  s e c t io n  OPC 833  and does 

n o t occu r in  any o th e r  s e c t io n .

A f f in i ty :  Cookson and P ik e  (1954, p . 213) s t a t e d  th a t  th e

f o s s i l  p o lle n  c lo s e ly  approaches p o lle n  g ra in s  o f  C u p an io p sis , a  r a in  

f o r e s t  t r e e  o f  e a s te rn  A u s t r a l ia .

F igui’ed specim en: OPC 833 U -1-5.
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CUPANIEIDITES SP. A 

P la te  11, f ig u re  2 

P o llen  g ra in s  t r i c o l p o r a t e ,  o u t l in e  t r i a n g u la r ,  c o lp i  

u n ite d  a t  p o le s ,  p o res e q u a to r ia l ,  deeply  sunken, ex ine  f in e ly  g ran ­

u l a r ,  o v e r a l l  d im ensions, 1 5 .0  to  2 1 .0  m icrons.

T y p ica l specim en: OPC 833 W-2-3. O v e ra ll d im ensions,

18 .5  X 2 0 .4  m icrons.

D iscu ssio n : T h is sp e c ie s  d i f f e r s  from C. c f .  C. m ajor in

th e  la c k  o f  p o la r  is la n d s  and in  i t s  sm a lle r  s iz e .  I t  i s  p re s e n t only  

a t  th e  to p  o f  th e  upperm ost c o a l ,  OPC 833-

A f f in i ty :  P o ss ib ly  r e l a t e d  to  th e  modem genus C u p an io p sis .

F ig u red  specim en: OPC 833 W-2-3.

Turma POROSES, POROSA o f  Naumova, 1937 emend. R. Potonie*', i 960  

Subturma M onoporines, Monoporina o f  Naumova, 1937

Genus MONOPOROPOLLENITES Meyer, 1956 emend.

R. P o ton ie '’, I 96O

Type s p e c ie s :  M onoporopollen ites gram ineoides Meyer, 1956 (p . I l l ,

p l .  4 , f i g .  2 9 ).

MONOPOROPOLLENITES c f .  M. GRAMINEOIDES Meyer, 1956 

P la te  10, f ig u re  16 

D iscu ssio n : The specim ens in  th e  Vermejo Form ation co a ls

conform to  th e  emended d e s c r ip t io n  o f  th e  genus by R. P o to n ie ^ (196O, 

p . 110) . Pacltova^ ( i 9 6 0 , p . 136 ) re co rd ed  th e  sp e c ie s  from  th e
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Senonian o f  C zechoslovak ia . M. c f .  M. gram ineo ides was e v id e n t in  

th e  assem blage counts o n ly  from s e c tio n s  OPC 83O and OPC 91 8 .

A f f in i ty :  P o ss ib ly  r e l a t e d  to  th e  modem g ra s s  fam ily

Gram ineae.

F ig u red  specim en: OPC 918  E -1-11.

Subturma T r ip o r in e s ,  T r ip o r in a  o f  Naumova, 1937 emend.

R. P o ton ie ', I 960

Genus TRIVESTIBULOPOLLENITES P f lu g , 1952 ex 

Thomson and P f lu g , 1953 

Type sp e c ie s :  T r iv e s t ib u lo p o l le n i te s  b e tu lo id e s  P flu g  in  Thomson

and P f lu g , 1953 (p- 8 5 ; p l-  9 ,  f i g .  3^).

The problem  o f  v a l id i t y  and  p r i o r i t y  f o r  th e  g e n e r ic  name 

T r iv e s t ib u lo p o l le n i te s  i s  s im i la r  to  t h a t  f o r  th e  genus V e rru ca to - 

s p o r i t e s , d e sc r ib e d  on p . 59 - 60  o f  th e  p re s e n t  s tu c ^ .

TRIVESTIBULOPOLLENITES ? SP.

P la te  11, f ig u re  3 

P o llen  g ra in  t r i p o r a t e ,  o u t l in e  t r i a n g u l a r ,  in te r p o r a l  

e q u a to r ia l  th ic k e n in g  3 -0  to  4 . 0  m icrons th i c k ,  p o res e n c lo se d  w ith in  

an o v a l vestib u lu m  2 . 0  to  5*0 m icrons w ide, p o re s  c i r c u l a r ,  d iam eter 

abou t 1 .0  m icron , o v e r a l l  d im ensions, 2 5 -0  x 25*0  m icrons.

D iscu ssio n : A s in g le  specim en o f  t h i s  p o lle n  ty p e  was

ob served , b u t i t  was c o n s id e re d  s u f f i c i e n t l y  d ia g n o s tic  f o r  in c lu s io n  

w ith in  th e  genus T r iv e s t ib u lo p o l l e n i t e s .
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A ff in i ty ;  B etu lacean  ?

F igured  specim en: OPC 833 N-5-1-

Genus TRIPOROPOLLENITES P f lu g , 1952 ex 

Thomson and P f lu g , 1953 

Type s p e c ie s : T r ip o ro p o lle n ite s  c o ry lo id e s  P flu g  in  Thomson

and P f lu g , 1953 (P* p l .  9f f i g .  20 ).

The problem  o f  v a l id i t y  and  p r i o r i t y  f o r  th e  g e n e r ic  name 

T r ip o ro p o lle n ite s  i s  s im i la r  to  t h a t  f o r  th e  genus V e r ru c a to s p o r i te s , 

d e sc rib e d  on p. 59 -  60  o f  th e  p re s e n t  s tu d y .

TRIPOROPOLLENITES SP. A 

P la te  10, f ig u r e s  lU , 17 

P o llen  g ra in s  t r i p o r a t e ,  o u t l in e  rounded t r i a n g u la r ,  ex ine  

la e v ig a te  o r  f in e ly  g ra n u la r ,  pore  a re a s  th ic k e n e d , o v e r a l l  d iam e te r ,

2 4 .0  to  35 .0  m icrons.

T y p ica l specim en: OPC 833 U -3-1. O v e ra ll d iam e te r ,

3 3 .0  X  3 3 .0  m icrons.

D iscu ssio n : T r ip o ra te  p o l le n  a ss ig n e d  to  t h i s  sp e c ie s

e x h ib i t  b o th  th e  B e tu la  o r  M yrica ty p e  o f  po re  p a t te r n  as  i l l u s ­

t r a t e d  by Wodehouse (1935  ̂ P. 3^3» f i g .  9 9 ). The d if f e r e n c e  between 

th e  two ty p es  was n o t h e re  c o n s id e re d  s u f f i c i e n t  f o r  e s ta b l is h in g  

two sp e c ie s .

T. sp . A i s  found  ab u n d an tly  in  a l l  sam ple le v e ls  and 

acco u n ts  f o r  7 5 .0  p e rc e n t o f  th e  t o t a l  p a ly n o lo g ic a l assem blage 

from  c e r ta in  le v e l s .
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A ff in i ty :  B etu lacean  o r  p o s s ib ly  m yricacean .

F ig u red  specim ens: CPC 833 U-3-1 and OPC 918 D -4-5.

TRIPOROPOLLENITES SP. B

P la te  11, f ig u r e s  5 - 6

P o llen  g ra in s  t r i p o r a t e ,  o u t l in e  t r i a n g u la r  to  rounded 

t r i a n g u la r ,  ex ine  l a e v ig a te ,  0 .5  to  1 .0  m icron th ic k ,  pore  a re a s  

th ic k e n e d , o v e ra l l  d ia m e te r , 25*0  to  35*0 m icrons.

T y p ica l specim en: OPC 83O C -1-4. O v e ra ll d iam e te r ,

3 3 .0  X 33*0 m icrons.

D iscu ssio n : T. sp . B d i f f e r s  from T. sp . A in  th e  t r i a n g u la r

o u t l in e  and more d i s t i n c t  p o ra l  th ic k e n in g s . The sp e c ie s  vas observed  

a s  a  m inor c o n s t i tu e n t  in  th e  Vermejo Form ation c o a ls .

A f f in i ty :  B e tu lac e an , p o s s ib ly  r e l a t e d  to  th e  modem

genus B e tu la .

F ig u red  specim ens: OPC 833  W-5-1 and OPC 83O C -l-L .

TRIPOROPOLLENITES SP. C 

P la te  11, f ig u r e  4

P o lle n  g ra in s  t r i p o r a t e ,  o u t l in e  t r i a n g u la r ,  s id e s  s l i g h t ly  

convex, ex in e  la e v ig a te ,  2 . 0  m icrons th ic k ,  po re  a re a s  g r e a t ly  th ic k ­

ened , o v e r a l l  d iam e te r , 2 6 .0  to  33*0 m icrons.

D iscu ssio n : T h is  sp e c ie s  d i f f e r s  from T. sp . B ir. th e

th ic k e r  ex in e  and th ic k e r  p o re  s t r u c tu r e .  Only a  few specim ens o f  

t h i s  p o lle n  ty p e  were o b serv ed  in  th e  Vermejo Form ation c o a ls .

A f f in i ty :  Unknown, p o s s ib ly  r e l a t e d  to  th e  B e tu laceae .

F ig u red  specim en: OPC 83O B -4-2 .
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TRIPOROPOLLENITES SP. D 

P la te  11, f ig u re  7

P o llen  g ra in s  t r i p o r a t e ,  o u t l in e  c i r c u l a r ,  po res invag - 

in a te d  in  o u t l in e ,  ex in e  la e v ig a te  to  f in e ly  g ra n u la r ,  o v e r a l l  

d iam e te r , 1 2 .0  to  l 6 .0  m icrons.

T y p ica l specim en: OPC 831 A -2-11. O v e ra ll d iam e te r ,

1 3 .0  X lU.O m icrons.

D iscu ssio n : T h is sp e c ie s  occu rs  r e g u la r ly  in  s e c t io n

OPC 833 and i s  a ls o  p re s e n t  in  th e  low er p a r t  o f  s e c t io n  OPC 8 3 1 .

A f f in i ty :  Unknown angiosperm ous p o lle n .

F ig u red  specim en: OPC 83 I  A -2-11.

TRIPOROPOLLENITES SP. E 

P la te  11, f ig u r e  6

P o lle n  g ra in  t r i p o r a t e ,  o u t l in e  c i r c u l a r ,  ex ine  g ra n u la r ,

1 .5  to  2 .5  m icrons th ic k ,  p o res e q u a to r ia l ,  c i r c u l a r ,  abou t 4 .0  

m icrons w ide, rim  b o rd e rin g  p o res 1 .0  to  I .5  m icrons th ic k ,  la e v ig a te ,  

o v e r a l l  d ia m e te r , 2 7 -0  x 3 1 -0  m icrons.

D iscu ssio n : A s in g le  specim en o f  t h i s  p o lle n  ty p e  was

found in  th e  Vermejo Form ation  c o a ls .

A f f in i ty :  Unknown angiosperm ous p o lle n .

F ig u red  specim en: OPC 833 U -3-4.

Genus TILIAEPOLLENITES R. Po ton ie^  I 93 I  ex 

R. Potonie^ and  V e n itz , 1934 

Type s p e c ie s :  T i l i a e p o l l e n i t e s  in s t r u c tu s  R. Potonie'^ 1931 ex

R. P o ton ie^and  V e n itz , 193^
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1931& T i l i a e p o l l e n i t e s  In s t ru c tu s  R. P o tc n le ^ (p . 556)

193^ T i l i a e p o l l e n i t e s  In s tru c tu s  R. Potonle^ 1931 ex 

Po ton le^and  V en itz  (p . 3 7 , p l .  4 , f ig .  109)-

TILIAEPOLLENITES ? SP.

P la te  11, f ig u r e  12 

P o lle n  g ra in s  t r i p o r a t e ,  o u t l in e  rounded t r i a n g u la r  to  

o b la te ,  ex in e  la e v ig a te ,  p o res  2 . 0  to  3 .O m icrons w ide, deeply  sunken, 

o v e r a l l  d ia m e te r , 2 4 .0  to  3 2 .0  m ic ro n s .

D iscu ssio n : T. ? sp . r a r e ly  occurs In  th e  p a ly n o lo g ic a l

assem blage o f  th e  Vermejo Form ation c o a ls .

A f f in i ty :  P o s s ib ly  r e l a t e d  to  th e  fam ily  T l l la c e a e  ?

F ig u red  specim en: OPC 83O 1-2 -4 .

Genus PROTEACIDTTES Cookson, 1950 

Type s p e c ie s :  P r o te a c ld l te s  ad en an th o ld es  Cookson, 1950 (p . 172,

p l .  2 , f i g .  2 1 ) .

PROTEACIDITES SP. A 

P la te  11, f ig u r e s  10 - 11 

P o lle n  g ra in s  t r i p o r a t e ,  o u t l in e  t r i a n g u la r ,  s id e s  s t r a ig h t  

o r  s l i g h t l y  convex, p o res  e q u a to r ia l ,  ex ine  o f  po re  a re a s  s tro n g ly  

th ic k e n e d , p o res  v a ry  from c i r c u l a r  (P la te  11, f ig u r e  10) to  n o tc h - l lk e  

(P la te  11, f ig u r e  l l ) ,  ex in e  I r r e g u l a r l y  r e t i c u l a t e ,  g e n e ra l ly  c o a rse r  

r e t i c u l a t i o n s  a lo n g  e q u a to r ia l  I n te r p o r a l  a r e a ,  lum ina 1 .0  to  3-5 

m icrons w ide, m url l e s s  th a n  1 .0  m icron  wide o r  h ig h , o v e r a l l  d iam e te r,

3 0 .0  to  3 9-0  m icrons.
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T y p ica l specim en: OPC 833 N -1-12. O v e ra ll d iam e ter,

33-2 X 33-2 m icrons.

D iscu ssio n : T h is sp e c ie s  i s  one o f  th e  more common palyno ­

lo g ic a l  elem ents in  th e  Vermejo Form ation c o a ls .  I t  occu rs  more 

f re q u e n tly  in  th e  upper c o a ls ,  OPC 833 and OPC 83 I ,  th an  in  th e  low er 

c o a ls ,  OPC 8 3 0 , OPC 9 1 8 , and OPC 919- F- th a lm a n il A nderson, I 96O 

d e sc rib e d  from th e  K ir t la n d  S hale  and  Lewis S hale  (Upper C re taceous) 

o f  New M exico, i s  m o rp h o lo g ica lly  s im i la r  to  th e  sp e c ie s  d e sc rib e d  

in  t h i s  s tu d y .

A f f in i ty :  R e la te d  to  th e  fam ily  P ro tea c ea e .

F ig u red  specim ens: OPC 833 N-1-12 and OPC 833 N -2-12.

PROTEACIDITES SP. B 

P la te  11 , f ig u r e  llf

P o lle n  g ra in s  t r i p o r a t e ,  o u t l in e  t r i a n g u l a r ,  s id e s  s t r a ig h t  

o r  s l i g h t l y  convex, p o res  c i r c u l a r ,  e q u a to r ia l ,  ex in e  o f  pore  a re a s  

weakly th ic k e n e d , ex in e  f in e ly  and u n ifo rm ly  r e t i c u l a t e ,  lum ina le s s  

th a n  1 .0  m icron, o v e r a l l  d iam e te r , 2 3 -0  to  2 6 .0  m icrons.

T y p ica l specim en: OPC 833  0 -1 -1 2 . O v e ra ll d iam e te r ,

2 4 .0  X 2 5 .5  m icrons.

D iscu ssio n : P. sp . B o ccu rs  a s  a  r a r e  f l o r a l  elem ent in

th e  Vermejo Form ation c o a ls .

A f f in i ty :  P robab ly  r e l a t e d  to  th e  fam ily  P ro tea c ea e .

F ig u red  specim en: OPC 833 0 -1 -1 2 .

PROTEACIDITES SP. C 

P la te  11 , f ig u r e  15

P o lle n  g ra in s  t r i p o r a t e ,  o u t l in e  t r i a n g u l a r ,  s id e s  s t r a ig h t .
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s l i g h t l y  concave, o r  s l i g h t l y  convex, po res c i r c u l a r ,  e q u a to r ia l ,  

ex in e  o f  pore a re a s  weakly th ic k e n e d , i r r e g u la r ly  r e t i c u l a t e ,  1 .0  

to  1 .5  m icrons wide in  e q u a to r ia l  a r e a  between p o re s , le s s  th an  O.5  

m icron wide in  p o la r  and  p o ra l  a r e a s ,  o v e r a l l  d iam e te r, 2 8 .0  to  

3 ^ .0  m icrons.

T y p ica l specim en: OPC 83I  H -1-1. O v era ll d iam e te r ,

2 9 .0  X 30*6 m icrons.

D iscu ssio n : T h is sp e c ie s  i s  r a r e ly  found in  th e  upper c o a ls ,

OPC 833 and OPC 83I ,  o f  th e  Vermejo F orm ation .

A f f in i ty :  P robab ly  r e l a t e d  to  th e  fam ily  P ro teaceae .

F ig u red  specim en: OPC 831 H -1-1.

Genus CARYAPOLLENITES R aa tz , I 937 

Type s p e c ie s : C a ry a p o lle n ite s  sim plex  (R. Potonie"^ 1931 ) R aa tz , 1937

1931c P o l le n i te s  sim plex R. Potonie'" (p . 3 , f i g .  k ) .

1937 C a ry a p o lle n ite s  sim plex  (R. Potonie'^ 1931)

R aatz (p . 1 9 , p l .  1 , f i g .  6 ).

CARYAPOLLENITES SP. A 

P la te  11, f ig u r e  9 

P o lle n  g ra in s  t r i p o r a t e ,  o u t l in e  c i r c u l a r ,  ex ine  2 .0  m icrons 

th ic k ,  la e v ig a te ,  p o res  lo c a te d  a t  e q u a to r  on one hem isphere , po res

4 . 0  m icrons w ide, o v e r a l l  d iam e te r , 5 0 .0  to  55*0 m icrons.

D iscu ssio n : Only a  few specim ens o f  t h i s  sp e c ie s  were

ob serv ed  in  th e  Vermejo Form ation c o a ls .

A f f in i ty :  Ju g lan d a c ea e , r e l a t e d  to  th e  modem genus C arya.

F ig u red  specim en: OPC 831 B -5-1 .
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Genus PISTILLIPOLLENITES Rouse, 1962 

Type s p e c ie s :  P i s t i l l i p o I I e n i t e s  m cg reg o rii Rouse, I 962  (p . 206,

p l .  1 , f i g s .  8  - 1 2 ).

The o r ig in a l  d e s c r ip t io n  o f  P i s t i l l i p o I I e n i t e s  s t a t e d  th a t  

th e se  p o lle n  g ra in s  a re  t r i p o r a t e  o r  t r i c o lp a t e  ( ? ) ,  b u t th e  openings 

a re  g e n e ra l ly  obscured  by th e  c lu b - o r  p i s t i l - s h a p e d  e lem ents o f  

o rnam en ta tio n  (Rouse, 1962 , p . 206). No openings o f  t h i s  n a tu re  

were observed  on th e  specim ens h e re  d e sc r ib e d  and  i t  i s  n o t b e l ie v e d  

t h a t  th e  o rnam en ta tio n  o b scu res  th e se  o p en in g s, i f  th ey  a re  in d eed  

p re s e n t .  The a f f i n i t y  o f  th e  genus i s  s t a t e d  by Rouse to  be w ith  th e  

genus R usbyanthus, b u t i t  app ears  to  p o sse ss  th r e e  d e f in i te  c o lp i  and 

may p o s s ib ly  be t r i c o lp o r a t e  (Erdtm an, 1952, p . l 8 $ ) . The specim ens 

o bserv ed  in  th e  Vermejo Form ation  c o a ls  a re  b e l ie v e d  to  belong  to  th e  

f o s s i l  genus P i s t i l l i p o I I e n i t e s , b u t a re  n o t r e l a t e d  to  th e  modem 

genus R usbyanthus.

PISTILLIPOLLENITES SP. A 

P la te  11 , f ig u r e s  16 - I 7

P o lle n  g ra in s  n o n -a p e r tu ra te  ( ? ) ,  o u t l in e  s u b c i r c u la r ,  ex ine  

s u r fa c e  g ra n u la r  w ith  i r r e g u la r ly  spaced  g lo b u la r  w a r ts ,  2 . 0  to  3*0 

m icrons h ig h , 2 . 0  to  3 .O m icrons w ide, o v e r a l l  d iam e te r , 2 7 -0  to  3 0 .0  

m icro n s.

T y p ica l specim en: OPC 9\Q F -3 -8 . O v e ra ll d iam e te r ,

2 8 .0  X 2 8 .0  m icrons.

D iscu ss io n : T h is  s p e c ie s  d i f f e r s  from P. m c g re g o rii in  th e

g ra n u la r  s u r fa c e  and in  th e  la c k  o f  any d is t in g u is h a b le  a p e r tu re .  I t
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is a rare species in the Vermejo Formation coals and is found mainly 

in section OPC 83O.

Affinity: Unknown.

F ig u red  specim ens: OPC 918  F -3 -8  and OPC 83O F-U-5 .

PISTILLIPOLLENITES ? SP.

P la te  11, f ig u r e s  I 8 - 19 

P o lle n  g ra in s  n o n -a p e r tu ra te  ( ? ) ,  o u t l in e  s u b c ir c u la r ,  ex ine 

co vered  w ith  g lo b u la r  w a r ts ,  spaced  2 . 0  to  3 .0  m icrons a p a r t ,  w arts

1 .0  to  1 .5  m icrons h ig h , 1 .0  to  1 .5  m icrons w ide, o v e r a l l  d iam e te r ,

2 3 .0  to  2 8 .0  m icrons.

T y p ica l specim en: OPC 831 A -1-2. O v e ra ll d iam e te r,

2 5 .5  X 2 5 .5  m icrons.

D iscu ssio n : T h is sp e c ie s  d i f f e r s  from P. sp . A in  th e  more

numerous and  c lo s e ly  spaced  g lo b u la r  w a r ts , and  in  th e  la c k  o f  a  

g ra n u la r  e x in e . I t  i s  m ain ly  found in  th e  low er p a r t  o f  s e c t io n  OPC 

831  and th e  upper p a r t  o f  s e c t io n  OPC 83O.

Affinity: Unknown.

F ig u red  specim en: OPC 83 I  A -1-2.

Subturma P o ly p o rin e s , P o ly p o rin a  o f  Naumova, 1937 emend.

R. Potonie'^ 196O

In fra tu rm a  S te p h a n o p o r it i , S te p h a n o p o rite s  o f  van der Hammen, 195^

Genus PTEROCARYAPOLLENITES R a a tz , 1937 

Type sp e c ie s :  P te ro c a ry a p o lle n i te s  s t e l l a t u s  (R. Potonie'^, 1931 )

Raatz, 1937
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1931b P o l le n i te s  s t e l l a t u s  R. P o to n ie '(p .  28 , p l .  2 ) .

1937 P te ro c a ry a p o lle n i te s  s t e l l a t u s  (R. Potonie'^, 1931)

R aatz (p . l 8 ,  p l .  1 , f i g .  8 ) .

R. P o ton ie  (196O, p. 132) c i t e s  T h ie rg a r t  (1937 Separatum ) as 

th e  a u th o r  o f  t h i s  genus. A pparen tly  R. Potonie^w as u s in g  a  p r e - p r in t  

o f  T h ie r g a r t 's  p ap e r , which was v a l id ly  p u b lish e d  in  1938 , as th e  

re fe re n c e . In  term s o f  p r i o r i t y  a  p r e - p r in t  i s  n o t h e re  co n s id e red  

a s  a  v a l id  p u b lic a t io n .

PTEROCARYAPOLLENITES SP. A 

Plate 11, figure 13

P o lle n  g ra in s  p o ly p o ra te , o u t l in e  p e n ta g o n a l, f iv e  p o ra te ,  

c i r c u a l r  p o res  lo c a te d  a t  c o m e rs ,  ex in e  i.O  to  I .5  m icrons th ic k ,  

la e v ig a te  o r  f in e ly  g ra n u la r ,  o v e r a l l  d iam e te r , 2 5 .0  to  33*0 m icrons.

D iscu ssio n : Only a  few specim ens o f  t h i s  sp e c ie s  were

o b serv ed  in  th e  Vermejo Form ation c o a ls .

A f f in i ty :  Ju g lan d aceae , r e l a t e d  to  th e  modem genus

P te ro c a ry a .

F ig u red  specim en: vPC 833 P -^ -1 .

Genus PACHYSANDRA M icheaux, I 803  

Type sp e c ie s :  Pachysandra procumbens M icheaux, I 8 0 3 , F lo ra

B oreale  Am., v o l. 2 , p . 177; p l .  45.

PACHYSANDRA c f .  P. PROCUMBENTIFORMIS S am oilov ich , I 961 

P la te  12, f ig u r e s  1 - 2

D iscu ssio n : T h is f o s s i l  s p e c ie s ,  d e sc r ib e d  by Sam oilovich

(1961 , p . 199; p l .  64 , f i g .  l a  - I d ) ,  i s  analogous to  th e  modem sp e c ie s
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P. procumbens M icheaux, I 8 0 3 . P la te  12, f ig u re  2 i l l u s t r a t e s  th e  

o rnam entation  su rround ing  each  fo ra e  o f  t h i s  p o ly fo ra te  p o lle n  g ra in .

P. c f .  P. p rocum bentiform is occu rs  In f re q u e n tly  in  s e c tio n s  

OPC 918 , OPC 8 2 0 , and OPC 833-

A ff in i ty :  The genus i s  a  member o f  th e  fam ily  Boxaceae.

F ig u red  specim en: OPC 833 N -4-10.

INCERTAE SEDIS

Genus OVGIDITES R. Potonie", I 95I  

Type s p e c ie s : O v o id ltes  lig n e o lu s  (R. Potonie", 1931) R* Potonie", 1951

1931b P o l le n i te s  ? lig n e o lu s  R. P o ton ie  (p . 2 8 , p l .  2 ) .

1951 Cvoid i te s  lig n e o lu s  (R. P o to n ie , 1931) R* Potonie"

(p l .  2 1 , f i g .  185 ).

OVGIDITES ? SP.

P la te  12, f ig u r e  8 

P o lle n  g ra in s  sy n co lp a te  ( ? ) ,  b i l a t e r a l ,  ex ine  f in e ly  g ran ­

u l a r ,  o v e ra l l  d im ensions, 33*0 to  3 6 .0  x 74 . 0  to  8 9 .0  m icrons.

D iscu ssio n : T h is p o lle n  ty p e  (? ) i s  a  r a r e  elem ent in  th e

Vermejo Form ation c o a ls .

Affinity: Unknown.

Figured specimen: OPC 918 D-3 - 6 .

Genus SCHIZOSPJRIS Cookson and  Dettm ann, 1959 

Type s p e c ie s : S c h iz o sp o ris  r e t i c u l a tu s  Cookson and  Dettm ann,

1959 (p . 213  - 214, p l .  1 , f i g s .  1 - 4 ) .

SCHIZ-OSPORIS c f .  S. COOKSONI Pocock, I 962 

P la te  12, f ig u r e  5
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D iscu ssio n : S. c f .  S. cooksoni i s  a  r a r e  sp e c ie s  in  th e

Vermejo Form ation c o a ls .  I t  occurs in  on ly  th re e  l e v e l s ,  each  from 

a  d i f f e r e n t  s e c t io n .

A f f in i ty :  Unknown.

F ig u red  specim en: OPC 833 U-1-7*

SCHIZOSPORIS c f .  S . PARVUS Cookson and Dettmann, 1959

P la te  12, f ig u r e  4

D iscu ssio n : The specim ens o b serv ed  in  th e  Vermejo Form ation

c o a ls  a re  a lm o st id e n t i c a l  w ith  th e  sp e c ie s  d e sc r ib e d  from th e  A lbian  

and Cenomanian (? ) o f  South A u s t r a l ia  by Cookson and  Dettmann (1959)* 

S ize  o f  th e  p re s e n t  specim ens i s  s l i g h t l y  l a r g e r  th a n  th a t  n o te d  fo r

S. p a rv u s , b u t th e  two a re  w ith o u t a  doubt th e  same s p e c ie s .

The s p e c ie s  i s  r e s t r i c t e d  to  th e  low er p a r t  o f  s e c t io n  

OPC 918 , p r im a r i ly  in  le v e l  C.

A f f in i ty :  Unknown.

F ig u red  specim en: OPC 918 C-4-12.

INCERTAE SEDIS SP. A 

P la te  12, f ig u r e  3

Body s u b sp h e r ic a l  to  o v a l ,  s u r fa c e  co v ered  w ith  numerous 

f l a t t e n e d ,  b a s a l ly  co n n ec ted  membraneous p r o je c t io n s ,  1 0 .0  to  2 0 .0  

m icrons lo n g , p ro je c t io n s  p o in te d  o r  to o th e d  a t  apex , o v e r a l l  dimen­

s io n s ,  57-0 to  100 .0  m icrons.

D iscu ssio n : Only two specim ens o f  t h i s  form  were found  in

th e  Vermejo Form ation c o a ls .  Specimens s im i la r  to  th e  ones o b serv ed  

h e re  have been re p o r te d  from th e  Upper C retaceous Lance, L ew is, and 

Laramie fo rm a tio n s , and  th e  Paleocene F o r t  Union Form ation ( o r a l
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com m unication, L. R. W ilson).

A f f in i ty :  Unknown.

F ig u red  specim en: OPC 918 B -3-4.

INCERTAE SEDIS SP. B 

P la te  12, f ig u r e s  11 - 13

Body o v a l to  s p h e r ic a l ,  s u r fa c e  p u n c ta te ,  w a ll o r  s h e l l  

la y e re d , ornam ented la y e r  2 . 0  to  3 -0  m icrons th ic k ,  " in n e r w a ll"  8 .0  

t o  1 2 .0  m icrons th ic k ,  a p p a re n tly  en c lo se s  an o v a l c e n t r a l  v o id , 

g e n e ra l ly  two o r  more grooves e n c i r c le  body, grooves 1 0 .0  to  1 5 .0  

m icrons deep, ex ten d  th ro u g h " in n e r w a l l" ,  ornam ented la y e r  ex tends 

to  base  o f  g ro o v es , o v e r a l l  d im ensions, 5 0 .0  to  7 0 .0  x 6C.O to  9 0 .0  

m icro n s .

D iscu ssio n : T h is f o s s i l  In c e r ta e  s e d is  was observed

p r im a r i ly  from le v e l  A, s e c t io n  OPC 831 in  th e  Vermejo Form ation 

c o a l s .

A f f in i ty :  Unknown, p o s s ib ly  an an im al ?

F ig u red  specim en: OPC 83 I  A-3-1%^

O rder HYSTRICHOSPHAERIDIA 

Fam ily H y stric h o sp h a e rid a e  D e fla n d re , 1937

Genus BADTISPHAERIDIUM E isen ack , I 958  

Type sp e c ie s :  B a ltisp h a e rid iu m  long isp inosum  (E isen ack , 1931)

E isen ack , 1958 

1931 Ovum h isp id iu m  long isp inosum  E isen ack  (p . 110, 

p l .  5 , f i g s .  6 - 1 7 ).
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1938 H ystrichosphaerld lum  longisp inosum  (E isenack , 1931) 

E isenack  (p . 12 - l 4 ,  p l .  1, f ig s .  1 - 9 ) .

1958 B a ltisp h a e rid iu m  longisp inosum  (E isen ack , 1931) 

E isenack  (p . 398).

BALTISPHAERIDIUM SP. A 

P la te  12, f ig u r e s  9 - 1 0  

Body s p h e r ic a l ,  la e v ig a te  ( ? ) ,  sp in o se , sp in e s  smooth, 

c o n ic a l ,  7 .O to  lU.O m icrons lo n g , c lo s e ly  spaced , sp in e s  a p p a re n tly  

s o l i d ,  o v e r a l l  d iam eter ex c lu d in g  s p in e s ,  2 4 .0  to  3 2 .0  m icrons.

D iscu ssio n : The few specim ens o f  t h i s  m arine organism

o b se rv ed  in  th e  Vermejo Form ation c o a ls  were m ainly  r e s t r i c t e d  to  

l e v e l s  A and S o f  s e c t io n  OPC 833-

F ig u red  specim ens: OPC 833 A -2-4 and OPC 833 S -3-12 .

PHYLUM PROTOZOA 

"MICROFORAMINIFERA"

MICROFORAMINIFERA SP. A 

P la te  12, f ig u r e  6 

M icro fo ram in ife ra  p le in is p i r a l ,  chambers lo b a te ,  su tu re s  

d i s t i n c t ,  um b ilicus open ( ? ) ,  o v e r a l l  d im ensions, 2 8 .0  x 33-0  m icrons.

D iscu ssio n : A s in g le  specim en o f  t h i s  form  was found in  th e  

Vermejo Form ation c o a ls .  I t  o ccu rred  in  a  le v e l  composed o f  c o a l and 

s h a le .

F ig u red  specim en: OPC 833 M-1-1.
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MICROFORAMINIFERA SP. B 

P la te  12,  f ig u r e  7 

M icro fo ram in ife ra  u n i s e r i a l  to  b i s e r i a l  ( ? ) ,  chamber w alls  

t h i n ,  chambers jo in  in  a n g u la r  m anner, s u tu re s  d i s t i n c t ,  o v e r a l l  

d im ensions, 3^-0  x 8 2 .0  m icrons.

D iscu ssio n : T h is form i s  t e n t a t i v e l y  p la c e d  under th e

head ing  M ic ro fo ram in ife ra  because  i t  does n o t p o ssess  th e  common 

u n i s e r i a l  o r  b i s e r i a l  mode o f  chamber a rrangem en t. A s in g le  specimen 

was observed  from th e  Vermejo Form ation c o a ls .

F ig u red  specim en: OPC 83O J - 1 - 1 .



LIST :F species OCCURRING IN THE 

VZRMEc'C FORMATION COALS

SPORAE DISPSRSAE

I. FUNGI IMPZRFE'CTAZ

1. Fungus Spore sp. A
2. Fungus Spore sp. B
3. Fungus Spore sp. C
U. Fungus Spore sp. D
5. Fungus Spore sp. E
6. Ftingxxs Spore sp. F
7. Fungus Spore sp. G

II. BRYOPHYTA

8. Sphagnum sporltes c f .  S. a n tlq u a s p o r l te s
9- SphsLgnumsporltes c f .  S. a u s t r a l i s

10. Sphagnum sporltes c f .  S. p s l l a tu s
11. C ln g u la t ls p o r l te s  c f .  C. le v lsp e c lo su s

I I I .  PTERIDOPHYTA

12. D e ltc ld o sp o ra  c f .  D. h a l l l
1 3 . D e lto ld o sp o ra  sp . A
lU. C y a th ld lte s  c f .  C. m inor
1 5 . M a to n lsp o rlte s  c f .  M. equlex lnous
1 6 . G le lc h e n l ld l te s  sp . A 
17" G le lc h e n l ld l te s  sp . B
1 8 . Lygodlum sporltes c f .  L. a d r le n n ls
1 9 . Calamospora c f .  C. m esozolca
20. T o d lsp o r l te s  cf."*T. m inor
21. T o d lsp o r l te s  c f .  T o d ltes  undans
22. Lesc h lk ls p o r ls  c f .  L. aduncus
2 3 . G ra n u la t ls p o r l te s  sp . A
24. V e rru c o s Isp o r l tes c f .  V. asym m etrlcus
2 5 . V e rru c o s Isp o r lte s  sp . A
2 6 . V e rru c o s Isp o r lte s  sp . B
2 7 . Genus E sp . A
2 8 . Genus C sp . A
2 9 . A p lc u la t ls p o r l te s  c f .  A. s p ln lg e r
30 . Osmundac1 d i te s  c f .  0. v e llm n n ll
3 1 . Osmundac1 d i te s  sp . A

107
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32. A c a r .th o tr i le te s  c f .  A. v a rlsp ir .o su s  
33* P l lo s i s p o r l t e s  sp .
3 • L y co p o d iac ld ite s  o f . L. k uepperi 
35* ly c o p o d ia c id i te s  sp . A
3 6 . L y :opodiu insporites o f . L. a u s t r c c l a v i t i d i t e s  
37- LyccpodivnEsporites sp . A 
38 . Lycopodium sporites sp . B 
39- L ycopodium sporites sp . C 
LQ. Lycopodium sporites ? sp .
41. C ic a t r ic o s i s p o r l t e s  c f .  C. dorogensis
42. Genus B sp . A
4 3 . A p p e n d ic isp o rlte s  c f .  A. t r i c o r r . i t a tu s
4 4 . A p p e n d ic isp o rlte s  sp . A
4 5 . Spore Type C
46. C in g u la t is p o r l te s  c f .  C. p seu d o a lv eo la tu s
47 . C in g u la t is p o r l te s  sp . A
48. C in g u la t is p o r l te s  sp . E
49 . C in g u la t is p o r l te s sp . C
50 . Spore Type A
5I-  C am arozonosporites c f .  C. ru d is
52 . C am arozonosporites sp . A
53- L a e v ig a to sp o r i te s  c f .  L. ov a tu s
54 . L a e v ig a to sp o r i te s  sp . A
55- L a e v ig a to sp o r ite s  sp . B
56 . M a r a tt isp o r ite s  c f .  M. sca b ra tu s
57- P o ly p o d lis p o r i te s  c f .  P. favus
58 . E x tra p u n c ta to sp o r is  c f .  E. in t r a in a e q u a l i s
59» S ch izaea  c f .  S. r e t i c u l a t a
6 0 . S ch izaea  sp . A
6 1 . V e rru c a to sp o r ite s  c f .  V. a l le n u s
6 2 . Genus A sp . A
6 3 . Spore Type 3
64. Spore tjT>e D

IV. GYMNOSPERMAE

6 5 . Classopollis cf. C. classoides
66. Genus D sp. A
6 7 . Vitre isporltes cf. V. pal11dus
68. Pinuspollenites sp. A _
6 9 . Abiespollenites sp. A
70. Piceaepollenites sp. A 
71- Podocarpidltes sp.
72. Inaperturopollenites cf. I. patellaeformis
73' Inaperturopollenites sp. A
74. Inaperturopollenites sp. B
75- Pollen Type A
76. Araucariacidites sp. A
77- Pollen Type B
7 8 . Pollen Type C
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79* Eucommiidites cf. _E. minor
8 0 . Ephedra cf. E. notensis
8 1 . Ephedripites sp. A

V. ANGIOSPERMAE
a. Dicotyledonae

8 2 . T r ic o lp i te s  c f .  T. r e t i c u la tu s
8 3 . T r ic o lp i te s  sp . A 
81+. T r ic o lp i te s  sp . B
8 5 . T r ic o lp i te s  sp . C
8 6 . T r ic o lp i te s  sp . D
8 7 . T r ic o lp i te s  sp . E
8 8 . T r ic o lp i te s  sp . F
8 9 . T r ic o lp i te s  sp . G
9 0 . T r ic o lp i te s  sp . H
9 1 . T r ic o lp i te s  sp . I
9 2 . T r ic o lp i te s  sp . J  
93* T r ic o lp i te s  sp . K 
9 4 . D icoryphe ? sp .
95* A q u ila p o lle n ite s  c f .  A. n o v a c o lp ite s  
9 6 . A q u ila p o lle n ite s  c f .  A. p o la r i s  
9 7 ' T r ic o lp o ro p o lle n i te s  sp . A
9 8 . T r ic o lp o ro p o l le n i te s  sp . B
9 9 . T r ic o lp o ro p o l le n i te s  sp . C

100. T r ic o lp o ro p o lle n i te s  sp . D
101. C u p a n ie id ite s  c f .  Ç . m ajor
102. C u p a n ie id ite s  sp . A
103 . M onoporopo llen ites c f .  M. gram ineoides 
lOU. T r iv e s t ib u lo p o l le n i te s  ? sp .
105 . T r ip o ro p o l le n i te s  sp . A
106 . T r ip o ro p o lle n i te s  sp . B
107 . T r ip o ro p o lle n i te s  sp . C
108 . T r ip o ro p o lle n i te s  sp . D
109 . T r ip o ro p o lle n i te s  sp . E
110. T i l i a e p o l l e n i t e s  ? sp .
111. P r o te a c id i te s  sp . A
112. P r o te a c id i te s  sp . B
113 . P r o te a c id i te s  sp . C
114. C a ry a p o lle n ite s  sp . A 
115- P i s t i l l i p o I I e n i t e s  sp . A 
116 . P i s t i l l i p o I I e n i t e s  ? sp .
117' P te ro c a ry a p o l le n i te s  sp . A
118 . Pachysandra c f .  _P. procum bentifo rm is

b. Monocotyledonae

119' Cycadopites ? sp.
120. M onosu lc ites  c f .  M. minimus
121. M onosu lc ites c f .  H. c a r p e n t ie r i
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122. L i l l a c l d l t e s  c f .  L. k a l ta n g a ta e n s Is
123 . L i l l a c l d l t e s  c f .  L. In ten n ed lu s  
12k.  S a b a lp o lle n lte s  sp . A
12$. S a b a lp o lle n lte s  sp . B

VI. INCERTAE SEDIS

126 . O v o ld lte s  ? sp .
127 . S c h iz o sp o r is  c f .  S. cooksoni
128 . S c h iz o sp o r is  c f .  S. parvus
129 . I n c e r ta e  s e d is  sp . A
130 . I n c e r ta e  s e d is  sp . B

HYSTRICHOSPHAERIDIA

131 . B a ltisp h a e rid iu m  sp . A

"MICROFORAMINIFERA "

132 . M ic ro fo ra m in ife ra  sp . A 
133' M ic ro fo ra m in ife ra  sp . B

This l i s t  has been  a rra n g ed  p h y lo g e n e t lc a l ly  and I t s  a r ra n g e ­

ment v a r ie s  from th e  m orphologic system  o f  R. P o to n ie  u sed  In  th e  

d e s c r ip t iv e  pa lyno logy  s e c t io n  o f  t h i s  s tu d y .



CHAPTER V I

DISCUSSION

P a ly n o lo g ic a l A sso c ia tio n s

R e la tiv e  palynomorph abundances in  th e  Vermejo Form ation 

c o a ls  a re  I l l u s t r a t e d  in  two ways. The f i r s t  i s  by a  m aste r assem b­

la g e  c h a r t  (T able  l )  showing th e  number o f  sp e c ie s  o c c u rr in g  in  th e  

assem blage coun ts  and  t h e i r  r e l a t i v e  abundance in  each sam ple, and  th e  

second i s  by a  t a b le  (Table 2 )  i l l u s t r a t i n g  g e n e r ic  d i s t r ib u t io n  in  th e  

lo w er, m id d le , and  upper p o r t io n s  o f  each  s e c t io n .  H istogram s a ls o  

have been u sed  to  i l l u s t r a t e  th e  r e l a t i v e  abundances and v e r t i c a l  f l o r a l  

changes o f  th e  t h i r t e e n  dominant genera  o c c u rr in g  in  th e  Vermejo Forma­

t io n  c o a ls . The th i r t e e n  dom inant gen era  a re  Sphagnum sporites, 

D e lto id o sp o ra , G le ic h e n i id i t e s , C y a th id i te s , ly g o d iu m sp o rite s , Laev­

ig a to s p o r i te s  , P o ly p o d i is p o r i te s , I n a p e r tu r o p o l le n i te s , S a b a lp o l le n i te s , 

T r i c o l p i t e s , T r ic o lp o r o p o l le n i te s , T r ip o r o p o l le n i te s , and P ro teac  i d i t e s . 

C onclusions o b ta in e d  from th e  h is to g ram  s tu d y  a re  d isc u sse d  under 

P a le o e c o lo g ic a l C o n s id e ra tio n s .

The fo llo w in g  l i s t  i s  a  p h y lo g e n e tic  g roup ing  o f  gen era  

observ ed  in  th e  Vermejo Form ation c o a ls .  Groups 1 th ro u g h  5 a re  Fungi 

Im p e rfec ta e , B ryophyta , P s i lo p s id a ,  ly c o p s id a , and  Sphenopsida; groups 

6 th ro u g h  12 a re  F i l i c a l e s ;  group 13 i s  composed o f  sp o res  o f  u n c e r ta in  

a f f i n i t y ;  groups l4  th rough  l 6 a re  Gymnospermae; group 17 i s  composed o f  

m onocotyledon Angiospermae; groups l 8 th ro u g h  20 a r e  composed o f  d ic o t­

y led o n  Angiospermae; eind th e  rem ain ing  groups a re  n o n -a p e r tu ra te ,  p o lle n  

o f  u n c e r ta in  a f f i n i t y ,  In c e r ta e  s e d is ,  and  "M icro fo ram in ife ra" .
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1. Fungi Im p erfec tae

2 . B ryophyta
Sphagnum sporites 
C in g u la t is p o r i te s  ( in  p a r t )

3 . P s i lo p s id a
E x tra p u n c ta to sp o r is  (? )

k.  ly c o p s id a
A c a n th o tr i le te s  
Lvcopodiac i d i t e s  
L ycopodium sporites 
C in g u la t is p o r i te s  ( in  p a r t ) 
C am arozonosporites

5 . Sphenopsida
Calamospora

6 . M a ra t t ia le s
M a r a t t i s p o r i te s

7 . Osmundaceae
O sm undacidites
T o d lsp o r i te s

8 . G le ich en iaceae
D e lto ld o sp o ra
G le ic h e n i id i te s

9 . C yatheaceae
C y a th ld lte s

10. S ch izaeaceae
ly g o d lu m sp o rite s  
C ica trlco B  i s p o r l t e s  
Genus B
A p p e n d ic isp o rlte s
S ch izaea
Spore Type C

11. P o lypodlaceae
Les c h lk ls p o r ls  
L a e v ig a to sp o r i te s  
P o ly p o d iis p o r i te s  
V e rru c a to sp o r ite s

12. U n d if f e r e n t ia te d  f i l i c i n e a n  sp o re s
A p ic u la t is p o r i te s
G ra n u la t ls p o r l te s
M a to n lsp o rlte s



113
V e rru c o s Isp o rlte s  
P l lo s l s p o r l t e s  
Genus C 
Spore Type A

1 3 . Spores o f  u n c e r ta in  a f f i n i t y  
Genus A 
Genus E 
Spore Type B 
Spore Type D

lU. C ycadales and G inkgoales 
C ycadopites ?
M onosu lc ites

1 5 . C o n ife ra le s
P in u s p o lle n ite s
A b ie sp o lle n ite s
P ic e a e p o l le n i te s
P o d o c a rp id ite s
In a p e r tu ro p o l le n i te s  ( in  p a r t )  
A ra u c a r ia c id i te s  
V i t r e i s p o r i t e s  (? )

1 6 . G n e ta les
Ephedra
E p h e d rip ite s

1 7 . M onocolpate and  M onoporate
L i l i a c i d l t e s
S a b a lp o lle n ite s
M onoporopo llen ites

1 8 . T r ic o lp a te  and  P o ly c o lp a te
D icoryphe ?
T r ic o lp i te s
A q u ila p o lle n ite s

1 9 » T r ic o lp o ra te
T r ic o lp o ro p o l le n i te s
C u p a n ie id ite s

20. T r ip o ra te  and  P o ly p o ra te
T r iv e s t ib u lo p o l le n i te s  ? 
T r ip o ro p o lle n i te s  
T i l i a e p o l l e n i t e s  ?
P r o te a c id i te s
C a ry a p o lle n ite s
P i s t i l l i p o l l e n i t e s
P te ro c a ry a p o l le n i te s
Pachysandra
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21. N o n -ap e rtu ra te

In a p e r tu ro p o l le n i te s  ( in  p a r t )

22. P o llen  o f  u n c e r ta in  a f f i n i t y
C la s s o p o ll is  
E u c o m m l i d i t e a  
Genus D 
P o lle n  Type A 
P o lle n  Type B 
P o lle n  Type C

2 3 . In c e r ta e  s e d is
O v o id lte s  ?
S c h iz o sp o r is  
I n c e r ta e  s e d is  
B a ltisp h a e rid iu m

24. "M icro fo ram in ife ra"

Comparisons W ith O ther Upper C retaceous P a ly n o lo g ic a l Assemblages 

L i te r a tu r e  co n cern in g  th e  pa lyno logy  o f  Upper C retaceous 

d e p o s its  i s  sp a rse  in  com parison w ith  t h a t  o f  th e  C arbon iferous o r  

T e r t ia r y .  S ix  p u b lic a t io n s  e x i s t  which in c lu d e  taxonomic d e s c r ip t io n s  

and. i l l u s t r a t i o n s  o f  N orth  American Upper C retaceous pa lyno logy .

Three p a ly n o lo g ic a l p u b l ic a t io n s  and. one unpublished, s tu d y  d e a lin g  

w ith  S an to n ian  o r  younger s t r a t a  from N orth  America d e sc rib e  assem b­

la g e s  which a r e  compared, w ith  th e  p a ly n o lo g ic a l assem blage o f  th e  

Vermejo F orm ation  c o a ls .

1. Ames (1950 ) in  an u n p u b lish ed  M asters T h esis  from th e  

U n iv e rs ity  o f  M assachuse tts  r e p o r te d  on a  s tu d y  o f  th e  Como c o a l from 

South P a rk , C olorado. His c o l le c t io n  a r e a  i s  approx im ate ly  70  to  80  

m ile s  n o rth w est o f  th e  p re s e n t  c o l le c t io n  l o c a l i t y .  The sam ples were 

c o l le c te d  from a  mine dump o f  u n c e r ta in  s t r a t ig r a p h ie  p o s i t io n ,  b u t th e
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assem blage d e sc r ib e d  by Ames i s  id e n t ic a l  w ith  th e  assem blage from 

th e  Vermejo Form ation c o a ls .

2. R adfo rth  and Rouse (l9 5 ^ ) d e sc r ib e d  p la n t  m ic ro fo s s i ls  

from co a l beds in  th e  B razeau Form ation o f  w este rn  A lb e r ta . E s s e n t ia l ly  

a l l  o f  th e  sp o re  and  p o lle n  ty p es  d e sc r ib e d  by them have been observed  

in  th e  Vermejo Form ation c o a ls .  Taxa common to  b o th  fo rm atio n s  in c lu d e  

Sphagnum, M ohria- ty p e ,  Polypodium- s p o r i t e s , I^copodium , L aev ig a to - 

s p o r i t e s ,  P odocarpus, P in u s , C y cad o p ite s , B e tu la , C arya , A q u ilap o l­

l e n i t e s , and  a  number o f  und e sc r ib e d  form s. Names l i s t e d  above, excep t 

A q u i la p o l le n i te s , co rre sp o n d  to  th e  c l a s s i f i c a t i o n  scheme o f  R ad fo rth  

an d  Rouse.

3 . Rouse (1957 )> in  a  p ap er p r im a r i ly  designed  to  in tro d u ce  

a  new taxonom ic n o m en cla tu ra l app roach , d e sc r ib e d  th e  spo re  and  p o lle n  

f l o r a  o f  th e  Comox Form ation (Campanian) and Oldman Form ation (S an ton­

ia n )  from w este rn  Canada. The a sse m b lag e ,o b ta in e d  from s e v e ra l  co a l 

beds and a  ro o f  s h a le  in  th e  fo rm a tio n s , i s  s im i la r  in  many re s p e c ts  to  

th e  p a ly n o lo g ic a l assem blage o f  th e  Vermejo Form ation  c o a ls .  A lthough 

R o u se 's  g e n e r ic  and  s p e c i f ic  id e n t i f i c a t io n s  and th e  p re s e n t  i d e n t i f i ­

c a t io n s  do n o t in  a l l  cases  a g re e , th e re  a re  few forms in  th e  two 

fo rm atio n s  which can n o t be m o rp h o lo g ica lly  r e l a t e d .

4. Anderson (1960 ) d e sc r ib e d  an  upperm ost C re taceous 

(M a a s tr ic h tia n ) and  T e r t i a r y  f l o r a  from New Mexico. The C retaceous 

K ir t la n d  Shale  most c lo s e ly  approaches th e  age o f  th e  Vermejo Form ation 

on th e  b a s is  o f  s im i l a r i t y  in  t h e i r  p a ly n o lo g ic a l assem blages and  in  

p rev io u s  age d e te rm in a tio n , th e  Vermejo Form ation by Lee and Khowlton 

( 1917 ) and th e  K ir t la n d  S ha le  by Khowlton (1916 ) and R ee s ide (1924)^
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see  Anderson (p . h) .

The K ir t la n d  S hale  sam ples were c o l le c te d  from a carbon­

aceous zone w ith in  a  m icaceous mudstone whereas th e  sam ples c o l le c te d  

f o r  t h i s  s tudy  a re  c o a l. Anderson ( p .5) makes th e  fo llo w in g  g e n e ra l 

s ta tem e n t concern ing  th e  K ir t la n d  Slm le p a ly n o lo g ic a l assem blage: 

"Polypodiaceous spo res and Lycopodium sp o res  a re  very  common, b u t 

sp o res  a re  su b o rd in a te  to  p o lle n  in  v a r ie ty  and number". The same 

s ta tem e n t id  t r u e  fo r  th e  p a ly n o lo g ic a l assem blage o f  th e  Vermejo 

Form ation c o a ls  ex cep t t h a t  a  g r e a te r  v a r ie ty  o f  f i l i c i n e a n  sp o res  

was observed . P r o te a c id i te s , th e  dominant d ic o ty le d o n  o f  th e  K ir t la n d  

S h a le  i s  o f  l e s s e r  im portance in  th e  Vermejo Form ation c o a ls  b u t ,  

n e v e r th e le s s ,  i t  i s  one o f  th e  more abundant g en era .

Because th e  sedim ents a t  b o th  l o c a l i t i e s  a r e  in te r p r e te d  as 

b e in g  d e p o s ited  in  r e s t r i c t e d  swampy a r e a s ,  i t  would ap p ea r t h a t  dep- 

o s i t i o n a l  c o n d itio n s  were n e a r ly  s im i la r .  However, env ironm enta l 

c o n d itio n s  were s u f f i c i e n t l y  d i f f e r e n t  to  c r e a te  c o a l in  one a re a  and 

o n ly  a  carbonaceous zone w ith in  a  m udstone in  th e  o th e r .  T his d i f ­

fe re n c e  would a f f e c t  e c o lo g ic a l  c o n d itio n s  and cause a  v a r ia n c e  in  

th e  two p a ly n o lo g ic a l assem blages.

R e la tiv e  abundance d a ta  f o r  th e  sp o re  and  p o lle n  assem blages 

a r e  n o t p re se n te d  in  a l l  th e  above s tu d ie s  and i t  i s  n o t p o s s ib le  to  

determ ine which a re  th e  dominant s p e c ie s .  However, because  a  la rg e  

p e rc en ta g e  o f  gen era  and  sp e c ie s  a re  common to  a l l  assem blages i t  i s  

p o s s ib le  to  p o s tu la te  t h a t  s im i la r  c l im a tic  o r  env ironm en ta l c o n d itio n s  

e x i s t e d  a t  each o f  th e  above l o c a l i t i e s .
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Comparison of the Palynological Assemblage from the Vermejo Formation 

Coals with the Vermejo Formation Plant Megafossils

Knowlton, In  Lee and Knowlton (l9 1 ? ) re p o r te d  a  f lo r a  o f  

108 s p e c ie s ,  re p re se n tin g  51 genera  and 26 f a m il ie s ,  from th e  Vermejo 

Form ation In th e  Raton Mesa re g io n  and In th e  Canon C ity  Coal F ie ld . 

T h is p a leo b o tan lc  s tu d y  and  I d e n t i f i c a t io n  was made m ainly  from f o s s i l  

wood and l e a f  Im pressions c o l le c te d  from th e  sh a le s  and sandstones o f  

th e  fo rm atio n . Of th e  51 p la n t  m e g a fo ss il g e n e ra , 29 were found in  th e  

Canon C ity  Coal F ie ld . The fo llo w in g  l i s t  o f  29 genera  Includes th e  

fam ily  o r  l a r g e r  group I d e n t i f i c a t io n  to  which Knowlton a ss ig n e d  each 

genus.

GENUS FAMILY or LARGER GROUP

Halymenltes Algae
Acrostlchum Polypo diac eae
Polystlchum Polypodlaceae
Pterls Polypo dlac eae
Asplenlum Polypodlaceae
Stenopterls Polypodlaceae
Osmunda Osmundaceae
Gleichenia Gleicheniaceae
Anemia Schlzaeaceae
Seq^uola Pinaceae
Cupres s inoxyIon Pinaceae
Sahal Palmae
Canna Cannaeeae
Juglans Jugiandaceae
ïfyrica Myricaceae
Salix Salicaceae
Quercus Fagaceae
Dryophyllum Fagaceae
Ficus Moraceae
Laurus Lauraceae
Platanus Platanaceae
Amelanchler Rosaceae
Phaseolites Papilionaceae
Celastrus Celastraceae
Rhamnus Rhamnaceae
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GENUS FAMILY or LARGER GROUP

P te ro sp e rm lte s  S te rc u lla c e a e
Viburnum C a p r ifo lia c e a e
P a laeoB ter In c e r ta e  s e d is
P h y l l i te s  In c e r ta e  s e d is

F ive o f  th e  29 gen era  l i s t e d  a re  d e f in i t e ly  common to  th e  

p a ly n o lo g ic a l assem blage o f  th e  Vermejo Form ation c o a ls .

1. Osmunda Is represented by spores of the genus

O sm undacld ltes.

2. Gleichenia Is represented by the fossil spore 

genus Glelchenlldltes■

3- Anemia, a  member o f  th e  fam ily  S ch lzaeaceae , 

i s  re p re se n te d  by th e  f o s s i l  genus C lc a t r I c o s I s p o r l t e s .

4. Sabal I s  re p re s e n te d  by th e  f o s s i l  palm genus 

S a b a lp o l le n i te s .

5* S a llx  I s  re p re se n te d  by p o lle n  o f  T r ic o lp i te s  

c f .  T. r e t l c u l a t u s .

In  a d d it io n  to  th e  l i s t e d  fo rm s, a  few o th e r  p la n t  mega- 

f o s s l l s  a re  p o s s ib ly  r e l a t e d  b o ta n lc a l ly  to  p la n t  m ic ro fo s s i ls  from 

th e  Vermejo Form ation c o a ls .  However, t h i s  r e la t io n s h ip  i s  q u e s tio n ­

a b le  because many o f  th e  p a ly n o lo g ic a l f o s s i l s  a re  a ss ig n e d  to  form 

genera . The fo llo w in g  th re e  m eg afo ss il g en era  come under t h i s  ca teg o ry .

1. Mvrlca - Triporopollenites sp. A in part is 

possibly related to the family Ifyrlcaceae.

2 . F icus -  A bundantly found  a s  a  m e g a fo ss il , t h i s  

genus may be re p re se n te d  In  th e  p a ly n o lo g ic a l assem blage by T r ip o ro ­

p o l le n i te s  sp . D



119
3* Rhamnus - T r ic o lp o ro p o lle n i te s  sp . B and T. sp . C 

may be r e l a t e d  to  th e  fam ily  Rhamnaceae.

P la n t m eg afo ss lls  found In th e  Raton Mesa re g io n , b u t n o t 

found In th e  Canon C ity  Goal F ie ld  a re  re p re se n te d  In  th e  p a ly n o lo g ic a l 

assem blage by:

1. Taxodium, re p re se n te d  by In a p e r tu ro p o l le n i te s  sp . A.

2 . B rachyphyllum . C la s s o p o l l l s - ty p e  p o lle n  has been 

r e l a t e d  in  p a r t  to  t h i s  genus by Pocock and Ja n so n lu s  ( 1961 , p . 448).

A lthough a  few ta x a  a re  common to  b o th  assem blages, by f a r  

th e  m a jo r ity  o f  forms a re  d is s im i la r .  The d if f e r e n c e  can b e s t  be 

accoun ted  f o r  by two f a c t s :  l )  d if f e r e n c e s  In  o p p o rtu n ity  f o r  p re ­

s e r v a t io n ,  t r a n s p o r ta t io n ,  an d  r e s is ta n c e  to  c o rro s io n ; and 2 ) th e  

m e g a fo ss ils  were c o l le c te d  from  th e  s h a le s  and san d sto n es  o f  th e  

V em ejo  Form ation whereas th e  d e sc r ib e d  m ic ro fo s s i ls  were r e s t r i c t e d  

to  c o a l beds o c c u rr in g  w ith in  th e  fo rm atio n . T h is l a t t e r  d if f e r e n c e  

i s  p ro b ab ly  th e  main cause f o r  th e  v a r ia n c e  in  th e  two f l o r a l  assem b­

la g e s . The m e ç a fo ss il assem blage app ears  to  in d ic a te  a  more u p lan d  

v e g e ta tio n  th an  th e  p a ly n o lo g ic a l assem blage and  th e  e c o lo g ic a l 

c o n d itio n s  o f  th e  form er was p ro b ab ly  warm and  m o is t ,  a lth o u g h  n o t 

to  th e  e x te n t o f  a  c o a l swamp environm ent. T h is s ta tem e n t i s  b a sed  

in  p a r t  on th e  g r e a te r  abundance o f  f i l i c i n e a n  sp o res  found in  th e  

p a ly n o lo g ic a l assem blage in  com parison w ith  th e  m e g a fo ss il assem blage.

P a le o e c o lo g ic a l C o n sid e ra tio n s

I t  i s  p o s s ib le  to  p o s tu la te  p a le o e c o lo g ic a l  c o n d itio n s  

a t  th e  tim e th e  Vermejo Form ation  c o a ls  were d e p o s ite d  from an
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e c o lo g ic a l s tu d y  o f  modern groups to  which th e  m ic ro fo s s i ls  a re  r e la te d .  

The eco logy  o f  m ajor groups re p re se n te d  in  th e  p a ly n o lo g ic a l assem blage 

i s  d isc u sse d  below .

Eryophyta a re  re p re se n te d  in  th e  c o a ls  by Sphagnum sporites , 

and a re  in d ic a t iv e  o f  a c id ic  swamp c o n d itio n s .

Most o f  th e  f i l i c i n e a n  sp o re s  en co u n te red  in  th e  c o a ls  a re  

r e l a t e d  to  th e  fo llo w in g  fo u r  f a m il ie s .

1. G le ich en iaceae  - The fam ily  i s  composed p r im a r i ly  

o f  t e r r e s t r i a l  fe rn s  in h a b it in g  d r i e r  re g io n s  in  th e  t r o p ic s  and 

su b tro p ic s  o f  th e  so u th  tem p era te  re g io n s .

2 . C yatheaceae - C onsidered  to  be t r u e  t r e e  f e r n s ,  

t h i s  fam ily  i s  r e s t r i c t e d  in  d i s t r i b u t io n  to  t r o p i c a l  m ountain f o r e s t s .

3- S ch izaeaceae  - A lthough th e  m a jo r i ty  o f  sp e c ie s  

a s s ig n e d  to  t h i s  fam ily  a re  t r o p i c a l ,  S ch izaea  and lygodium  ex ten d  as 

f a r  n o r th  as  New England and  so u th e rn  Canada.

4. P o lypodlaceae  - Genera a ss ig n e d  to  t h i s  l a r g e s t  

o f  th e  fe rn  fa m il ie s  have d iv e rs e  h a b i t s .  Because o f  th e  t r o p i c a l  

o r  s u b tro p ic a l  n a tu re  o f  th e  above fe rn  fa m il ie s  i t  p o s s ib ly  can be 

assum ed h e re  t h a t  th e  p a ly n o lo g ic a l r e p r e s e n ta t iv e s  o f  t h i s  fam ily  

a re  a l s o  t r o p i c a l  o r  s u b tro p ic a l  in  h a b i t .

Taxodium i s  w e ll re p re s e n te d  in  th e  p a ly n o lo g ic a l assem blage 

by In a p e r tu ro p o l le n i te s  sp . A and  th e  modem sp e c ie s  l i v e  today  in  warm 

te m p e ra te , sh a llo w  w a te r , swamp env ironm ents.

C ycadopites i s  r e l a t e d  to  th e  gymnosperm fam ily  Cycadaceae 

which a re  woody t r e e s  o r  sh rubs c o n fin e d  to  t r o p i c a l  o r  s u b tro p ic a l  

re g io n s  o f  th e  w orld .
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M onosulc ites p o l le n ,  in  p a r t ,  i s  m o rp h o lo g ica lly  s im i la r  to  

p o lle n  o f  th e  modem genus Ginkgo (o r  G inkyo, see  Lawrence, 1951, 

p. 3 58 )• The genus a t t a in e d  w orld wide d i s t r ib u t io n  d u ring  Mesozoic 

and  T e r t i a r y  tim e , b u t i s  to d ay  found n a t iv e  on ly  in  warm tem perate  

re g io n s  o f  w este rn  China.

Bisaccate gymnosperm pollen related to the Coniferales is 

not abundant in the palynological assemblage, which indicates that the 

parent trees were probably located in a more upland environment, dis­

tant from the swamp, and that their dispersed pollen was transported a 

long distance.

Ephedra and Ephedripites, members of the gymnosperm order 

Gnetales occur in minor abundance and are indicative of warm temperate 

to tropic arid climate.

The Palmae, represented in the T's.lynological assemblage by 

Sabalpollenites, are tropical and subtropical woody plants indicative 

of frost-free climatic conditions.

Dicoty1edoneous angiosperms are found in a variety of habitats 

from arctic to tropic regions. The abundance of Tricolpites sp. A and 

Triporopollenites sp. A indicates that their parent plants were probably 

living in the swamp, whereas the parent plants of Proteacidites sp. A 

and Tricolpites cf. T. retlculatus, whose pollen occurs less frequently, 

were probably located away from the swamp proper.

The few Hystrichosphaeridia which occur in a shale from level 

S, section OPC 833 indicate a shallow-water marine environment for 

this lithologie unit.

Histogram studies of the thirteen dominant genera occurring
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in  f iv e  sam pled c o a ls  from th e  Vermejo Form ation show no m ajor f l o r a l  

change between th e  low est and  h ig h e s t c o a l in  th e  fo rm atio n . A m ajor 

f l o r a l  change was n o t ex p ec ted  because th e  Vermejo Form ation was p rob­

ab ly  d e p o s ite d  in  a  r e l a t i v e l y  s h o r t  p e r io d  o f  tim e in  com parison 

w ith  th e  tim e n e ce ssa ry  f o r  e v o lu tio n a ry  developm ent. A s ta b le  c lim a te  

f o r  t h i s  a re a  i s  in d ic a te d  by th e  s im i la r  p a ly n o lo g ic a l assem blage from 

th e  upper to  th e  low er c o a ls  o f  th e  fo rm atio n .

The few sh a le  u n i t s  w ith in  th e  c o a ls  can be accoun ted  fo r  

by two c r i t e r i a .  The swamps were on ly  s l i g h t l y  e le v a te d  above sea  

le v e l  o r  an u p lan d  i n l e t  to  th e  swamp d e p o s ite d  f in e  sedim ent a t  a  

r a t e  p r o h ib i t iv e  to  c o a l fo rm atio n . The form er c o n d itio n  i s  co n sid e red  

to  be wide sp re a d  and would accoun t f o r  m arine m icro f o s s i l s  in  th e  

s h a le s ,  whereas th e  l a t t e r  p robab ly  would be on ly  o f  lo c a l  e x te n t  and 

c o n ta in  no m arine m ic ro fo s s i ls .

The d e p o s it io n a l  environm ent o f  th e  Vermejo Form ation c o a ls  

app ears  to  be t h a t  o f  a  low ly in g  swamp w ith  o c c a s io n a l encroachm ents 

by th e  se a . P a ly n o lo g ic a l f o s s i l s  d e p o s ite d  in  th e  c o a ls  su g g es t a  

t r o p i c a l  to  s u b tro p ic a l  c lim a te  fo r  c e n t r a l  Colorado du ring  Vermejo 

Form ation tim e .

Summary and C onclusions 

A t o t a l  o f  123 s p e c ie s  o f  sp o res  and  p o lle n  i s  re p o r te d  

from th e  Vermejo Form ation c o a ls  in  th e  Canon C ity  Coal F ie ld ,  Fremont 

County, C olorado. In  a d d i t io n  to  th e  above, fo u r  sp o re  ty p e s , th re e  

p o lle n  ty p e s ,  one sp e c ie s  o f  H y s tr ic h o sp h a e r id ia , and two sp e c ie s  o f  

m ic ro fo ra m in ife ra  a re  id e n t i f i e d .

Angiosperm pollen is the dominant floral element, but a
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la rg e  p e rcen tag e  o f  fe rn  sp o res  were a p p a re n tly  lo c a l  to  th e  co a l 

swamp.

No m ajor f l o r a l  change is  d is c e rn a b le  between th e  low est 

and  h ig h e s t  c o a l in  th e  fo rm atio n . There a re  v e r t i c a l  v a r ia t io n s  

in  sp e c ie s  p e rc e n ts  and sp e c ie s  o c cu rren c e , which however, cannot 

be in te r p r e te d  as  a  m ajor f l o r a l  change. The la c k  o f  a  m ajor f l o r a l  

change w ith in  th e  Vermejo Form ation is  ex p ec ted  because no a b ru p t 

l i t h o lo g ie  change o ccu rs . The a l t e r n a t in g  s h a le s ,  san d s to n e s , and 

c o a ls  w ith in  th e  fo rm ation  a re  c o n sid e red  to  be m inor d e v ia tio n s  in  

a  r e l a t i v e l y  c o n s ta n t environm ent.

The p a ly n o lo g ic a l assem blage o f  th e  c o a ls  i s  in d ic a t iv e  o f  

a  t r o p ic  to  su b tro p ic  c lim a te . The t r o p ic  and su b tro p ic  genera  

were p robab ly  from p la n ts  lo c a l  and  a d ja c e n t to  th e  c o a l swamp and 

a t  l e a s t  some o f  th e  warm tem p era te  genera  were from u p land  p la n ts .

The fo llo w in g  co n c lu s io n s  a r e  drawn from t h i s  p a ly n o lo g ic a l 

in v e s t ig a t io n  o f  th e  Vermejo Form ation c o a ls .

1 . The p a ly n o lo g ic a l assem blage in c lu d e s  ta x a  found 

in  b o th  C retaceous and T e r t i a r y  sed im en ts . However, a  l a t e s t  C re­

taceo u s  o r ,  a t  th e  y o u n g est, a  t r a n s i t i o n a l  C re ta c e o u s -T e r tia ry  age 

i s  in d ic a te d  by th e  o v e ra l l  f l o r a l  a sp e c t.

2 . The overwhelming abundance o f  p o lle n  and sp o res  

and  absence o f  m arine organism s in  a l l  b u t two le v e ls  in d ic a te s  

c o n t in e n ta l  o r ig in  f o r  th e  c o a ls .

3 . No m ajor f l o r a l  change was observed  between th e  

lo w est and h ig h e s t  c o a ls  in  th e  fo rm a tio n , however, m inor v a r ia t io n s  

in  f l o r a l  com position  do o ccu r.
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h. D e p o s itio n a l environm ent o f  th e  c o a l was a con­

t i n e n t a l  n e a r - s h o re , s e m i - r e s t r i c t e d  swamp. O ccasional encroachm ents 

by th e  sea  h a l te d  swamp d e p o s it io n  in  c e r t a in  a re a s  and th in  sh a le s  

were d e p o s ite d , which in  tu r n ,  were sometimes a g a in  covered  by th e  

swamp upon r e t r e a t  o f  th e  sea .

5 . The c lim a te  in  c e n t r a l  C olorado during  d e p o s itio n  

o f  th e  Vermejo Form ation c o a ls  was p ro b ab ly  t r o p i c a l  o r  s u b tro p ic a l ,  

and d e f in i t e ly  more m esic th an  a t  th e  p re s e n t  tim e .
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TABLE 2 - STRATIGRAPHIC DISTRIBUTION OF GENERA

OPC 919 OPC 918 OPC 830 OPC 831 OPC 833
GENUS L U L M U L M U L M U L M u

Fungi Imperfectae X X X X X X X X X X X X X X

Sphagnumsporites X X X X X X X X X X X X

Deltoidospora X X X X X X X X X X X X X X

Cyathidites X X X X X X X X X X X X X X

Matonisporites X X X

Gleicheniidites X X X X X X X X X X X X X X

lygodiumsporites X X X X X X X X X X X X X X

Calamospora X

Todisporites X X X X X X X X X X X X X

Leschikisporis X

Granulat isporitas X X X X X X X X X X X

Verrucosisporltes X X X X X X X X X X X

Genus E X X X X X X X

Genus C X X X X X X X X X X X

Apiculatisporltes X

Osmundacldltes X X X X X X X X X X X X X

Acanthotriletes X X X X

Plloslsporltes X

lycopodiac Idltes X X X X X X X X X X X X

Lycopodiumsporltes X X X X X X X X

ClcatrIcosIsporltes X X X X X X

Genus B X X X

AppendieIsporltes X X X X X X X X X X X X
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TABLE 2 - STRATIGRAPHIC DISTRIBUTION OF GENERA

OPC 919 OPC 918 OPC 830 OPC 831 OPC 833
GENUS L u L M U L M u L M u L M u

C in g u la tip p o r i te s X X X X X X X X X X X

C am arozonosporites X X X X X X X X X X X X

L a e v ig a to sp o rlte s X X X X X X X X X X X X X X

M ara tti s p o r l t e s X X X

Polypo d i i s p o r i t e s X X X X X X X X X X X X X X

E x tra p u n c ta to sp o rls X X

S ch izaea X X X X X X X X X X X X

V e rru c a to sp o r ite s X X X X

Genus A X X X X

C la s s o p o llis X X

Genus D X X

V it r e i s p o r i t e s X X

P in u s p o lle n ite s X X X X X X X X X X X X X X

A b ie sp o lle n ite s X

P ic e a e p o lle n ite s X X X

P o d o ca rp id ite s X X

In a p e r tu ro p o l le n i te s X X X X X X X X X X X X X X

A ra u c a r ia c id i te s X X X X X X X X X X X X X

Eucommi i d i t e s X

Ephedra X X X

E p h e d rip ite s X

C ycadopites ? X

M onosulcites . X X X X X X
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TABLE 2 - STRATIGRAPHIC DISTRIBUTION OF GENERA

OPC 919 OPC 918 OPC 830 OPC 831 OPC 833
GENUS L U L M U L M U L M U L M U

L i l i a c id l t e s X X X X X X X X

S a b a lp o lle n ite s X X X X X X X X X X X X X X

T r ic o lp i te s X X X X X X X X X X X X X X

Dicoryphe ? X X X X X X X X

A q u ila p o lle n ite s X X X

T r ic o lp o ro p o lle n ite s X X X X X X X X X X X X

C u p an ie id ite s X X X

M onoporopollen ites X X

T r iv e s t ib u lo p o l le n i te s X

T r ip o ro p o lle n ite s X X X X X X X X X X X X X X

T i l i a e p o l l e n i t e s  ? X X

P r o te a c id i te s X X X X X X X X X X X X

C a ry a p o lle n ite s X

P i s t i l l i p o l l e n i t e s X X X X X X

P te ro c a ry a p o lle n i te s X X

Pachysandra X X X X X X

O v o id lte s  ? X X X

S ch izo sp o ris X X X

In c e r ta e  s e d is  A X X

In c e r ta e  s e d is  B X

B altisp h a e rid iu m X X

M icro fo ram in ife ra
1

X X
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PLATE I

Figure
1. Fungus Spore sp . A

2 5 .0  X 2 5 .0  m icrons; OPC 83O A -3-^.

2. Fungus Spore sp . B
2 0 .5  X 107 .1  m icrons; OPC 833  M-1-5.

3 . Fungus Spore sp . C
2 1 .0  X 102.0  microns; OPC 833  M-2-6.

h.  Fungus Spore sp . E
17-0 X 1 3 5 .0  m icrons; OPC 8 3 O J -4 -4 .

5 . Fungus Spore sp . D
2 8 .1  X 201 .5  m icrons; OPC 83O G -1-3.

6. Fungus Spore sp. F
2 5 .5  X 4 l .0  m icrons; OPC 83O G-U-1.

7- Sphagnum sporites c f .  S. p s i l a tu s  (R oss, 19^9) Couper, 1958
2 0 .5  X 2 0 .5  X 2 2 .7  m icrons; OPC 83 I  A -3-2.

8 . Sphagnum sporites c f .  S. a n t iq u a s p o r i te s  W ilson and W ebster,
Ï p 6  3 3 .0  X 3 3 .0  m icrons; OPC 833  M-5-4.

9- Sphagnum sporites c f .  S. a u s t r a l i s  (Cookson, 19^7) R- Potonie^
1956 37-0 X 3 7 .0  m icrons; OPC 833  F -1 -4 .

10. Fungus Spore sp. G '
51 .0  X 5 6 .0  microns; OPC 833 M-1 - 11 .

11. D e lto id o sp o ra  c f .  D. h a l l i  M iner, 1935
2 9 .0  X 2 9 .0  microns; OPC 833  0 -3 -4 .

12 , 16 G lè ic h é n i id l te s  sp.. A
12^ 2 4 .0  X 2 4 .0  microns; OPC 833  A -1-5.
1 6 . 2 5 .0  X 2 5 .5  m icrons; OPC 918  C-5-7-

13f l4  D e lto id o sp o ra  sp . A
13" W .O X 4 l.O  m icrons; OPC 833  M -I-9 .
l4 .  3 8 .0  X 4 l.O  m icrons; OPC 83 I  0 -5 -1 .

15- G le ic h e n i id i te s  sp . B
3 8 .0  X 4 0 .0  microns; OPC 83O F -1 -6 .
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PLATE I - continued

F ig u re

1 7 , 19 Cyathidites c f .  C. minor Couper, 1953
1 7 . 3 9 .0  X U3 .O m icrons; OPC 83O AA-1-7-
1 9 . 2 8 .0  X  2 9 .0  m icrons; OPC 83 I  A-6-1.

1 8 . M a to n isp o rite s  c f .  M. equ iex inous Couper, 1958
5 ^ .0  X  5 8 .0  m icrons; OPC 83O C -2-6.
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PLATE 2

Figure
1. Calamospora c f .  C. m esozoica Couper, 1958

48.5  X U8.5 m icrons; OPC 83 I  A-1-6 .

2. ly g o d iu m sp o rites  c f .  L. a d r ie n n is  (Potonie^ and G e l le t ic h ,
1933 ) R* P otonië^  Thomson, and T h ie r g a r t ,  1950
6 4 .0  X 6 6 .0  X 6 7 .0  m icrons; OPC 918  D-3- 3 .

3" T o d lsp o r ite s  c f .  To d i te s  undans (B ro n g n ia rt)  H a r r is ,  1937
4 3 .4  X 4 5 .9  m icrons; OPC 833 W-2-1.

4. L e sc h ik isp o r is  c f .  L. aduncus (L esch ik , 1955) R* Potonie^,
1958 5 8 .0  X 5 8 .0  m icrons; OPC 83 I  A-3- I 5 .

5 . G ra n u la t is p o r l te s  sp . A
3 5 .7  X 42 .1  X 4 5 .5  m icrons; OPC 833 W-3-21.

6 . T o d isp o r i te s  c f .  T. m inor Couper, 1958
4 0 .0  X 4 6 .0  m icrons; OPC 83O 1 -2 -7 .

7* V e r ^ c o s ls p o r i t e s  c f .  V. asym m etricus (Cookson and  Dettm ann,
1958 ) Pocock, 1962 48 .5  X 53-5 x  53-5 m icrons; OPC 918  B -2-2 .

8 . V e rru c o s is p o r lte s  sp . B
48.5  X 5 6 .0  m icrons; OPC 833  L -2 -8 .

9* V e rru c o s is p o r ite s  sp . A
6 6 .3  X 6 6 .3  m icrons; OPC 918 E -2-5-

10 , 11. Genus E sp . A
10. 4 2 .0  X 4 5 .0  m icrons; OPC 83O 1 -2 -3 .
1 1 . en largem ent o f  above specim en.

12, 1 3 . Genus C sp . A
12. 4 6 .0  X 4 6 .0  X 4 6 .0  m ic ro n s; OPC 918  D -1-8.
1 3 . 5 2 .0  X 5 2 .0  X 5 2 .0  m icrons; OPC 918  C -2-30.
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Figure
1. O sm iindacidites c f .  0. v e llm a n li  Couper, 1953 

Ul.O X 4 1 .0  m icrons; OPC Ô33 W-5-1?.

2. O sm undacidites sp . A
7 1 .5  X 7^*0 m icrons; OPC 83 I  B -5-2 .

3* A p ic u la t is p o r l te s  c f .  A. s p ln ig e r  L esch ik , 1955
4 3 .0  X 4 3 .0  m icrons; 833  W-2-14.

4. P i l o s i s p o r i t e s  sp .
5 1 .0  X 5 1 .0  X $1 .0  m icrons; OPC 833 H -4-1.

5; 6 . A c a n th o tr l le te s  c f .  A. v a r lsp ln o su s  Pocock, 1962
5 . 2 7 .2  X 37*0 m icrons; OPC 918  F -2 -4 .
6 . 2 8 .3  X 2 8 .3  m icrons; OPC 918 F -3 -10 .

7* Lycopodlvansporites sp . A
55*0 X 55«0 X 55*0 m icrons; OPC 831 A -4-7.

8 . I^co p o d lu m sp o rites  sp . C
% .5  X 48 .5  X 48 .5  m icrons; OPC 831  A -1-12.

9" Lycopodlum sporites c f .  L. a u s t r o c l a v i t i d l t e s  (Cookson, 1953)
Pocock, 1962 5579 X $ 1 .0  m icrons; OPC 633  M-3- 7 .

10. ly c o p o d la c ld i te s  sp . A
2 8 .0  X 3 0 .0  m icrons; OPC 83O J -2 -1 .

11. L y co p o d lac ld lte s  c f .  L. k u ep p eri K lau s, 1960
6 1 .0  X éU.O m icrons; OPC 830 J -4 -1 .

12, 1 3 . Lycopodium sporltes sp . B
Î2^ 4 1 .0  X 4 3 .0  m ic ro n s , proxim al view; OPC 833 L -2 -9 .
13 . 4 l.O  X 4 3 .0  m ic ro n s , d i s t a l  view; OPC 833 L -2 -9 .
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PLATE il

I, 3‘ Genus B sp. A
1. I15.O X U5 .O X 4 5 .0  m icrons; OPC 83O E -1-1 .
3 . il6 .0  X ii6 .0  X 4 9 .0  m icrons; OPC 833 C- k- 2.

2 . ly copod ium sporltes  ? sp .
50 .0  X 6 0 .0  X éo.O m icrons; OPC 833 1 -4 -1 .

4. C ic a t r ic o s is p o r i te s  c f .  C. dorogensis R. Potonie '’ and
G e lle t ic h -  1933 53*5 x $6 .1  x $6.1 m icrons; OPC 831 A -4-2.

$. Appendlcisporites cf. A. tricomitatus Weyland and
G re if e ld ,  1953 3 6 .0  x 4o.O x 41 .0  m icrons; OPC 833  M-$-6 .

6. Cingulatisporites cf. C. levispeciosus Pflug in Thomson and
Pflug, 1953 53^4 X 45 .0  X 46 .0  microns; OPC 833 L-2-1.

7 - 9 *  A p p e n d ic isp o rite s  sp . A
7 . 59*0 X 6 4 .0  m icrons; OPC 83O G-3-3*
8 . 7 4 .0  X 7 6 .0  m ic ro n s; OPC 918 D -1-4.
9 . 6 4 .0  X 7 4 .0  m icrons; OPC 831  J-2-1.

10. Cingulatisporites sp. A
2 7 .0  X 31*0 X 31*0 m icrons; OPC 918 D -I -3 .

II. Spore Type C
6 3 .3  X 8 1 .6  m icrons; OPC 83O D -I-3 .

12. Cingulatisporites sp. C
4 3 .3  X 4$ .9  X 4$.9 m icrons; OPC 833 R -2-1.
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PLATE 5

Figure

1 . Cingulatisporites cf. C. pseudoalveolatus Couper, 1958 
4 6 .0  X 4 6 .0  X 51-0 microns; OPC 833 L -4-3 .

2 . Cingulatisporites sp. B 
35-7  X 3 5 .7  X 3 8 .3  microns; OPC 833 N -4-4.

3 . Spore Type A
5 8 .0  X 6 3 .0  X 6 3 .0  microns; OPC 833 Q-2 - 4 .

4. Marattisporites cf. M. scabratus Couper, 1958 
1 8 .0  X 2 6 .0  microns; OPC 83O A -5-1.

5 , 6 . Camarozonosporites sp. A
"5 I 8 2 .0  X 8 2 .0  X 8 4 .0  m icrons; OPC 918  C -4-8.
6 . 6 6 .0  X 8 1 .0  m icrons; OPC 83O J -3 -2 .

?• L a e v ig a to sp o r i te s  c f .  L. o v a t ^  W ilson and W ebster, 1946
2 8 .1  X 3 8 .3  m icrons; OPC 83O D -1-6.

8 . C am arozonosporltes c f .  C. ru d is  (L esch ik , 1955) K laus, 196O
6 1 .0  X 6 7 .0  X 6 9 .0  m icrons; OPC 833 V-2-7-

9* P o ly p o d iis p o r i te s  c f .  P. favus (R. P o ton ié ', 1931) R.
P o ton ie ', 1934 4 l.O  x 55*0 m icrons; OPC 83 I  0-5-5»

10, 12. L a e v ig a to sp o r i te s  sp . B
lÔI 53-6 X $8 .7  m icrons; OPC 83O AA-2-2.
12. 4 5 .9  X 58*7 m icrons; OPC 83O B -2-4.

11. L a e v ig a to sp o r i te s  sp . A
4 3 .0  X 6 3 .8  m icrons; OPC 833 M-2-2.
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PLATE 6

Figure
1 , 2 , k.  S ch lzaea  sp . A

1. 'fh.O X 9^*0 m icrons; OPC 833  J -2 -U .
2. 6 9 .0  X 9^1.0 m icrons; OPC 83O 1-3 -3 .
i;. 59*0 X 8 9 .0  m icrons ; OPC 833 V -5-1.

3 . Genus A sp . A
39*0 X 55*0 m icro n s; OPC 918 E -3 -6 .

5- S ch izaea  c f .  S. r e t i c u l a t a  Cookson, 1957
5 6 .0  X 6 6 .0  m icrons; OPC 918 C -5-6 .

6 . Spore Type D
U3 .4  X 6 1 .2  m icrons; OPC 918 F -2 -14 .

7 . Spore Type B
5 3 .0  X 7 0 .0  m icrons; OPC 918  F -5 -4 .

8 ,  9* V e rru c a to sp o r ite s  c f .  V. a l ie n u s  (R. Potonië^, 1931)
Thomson and  P f lu g , I 953

8 . ii8 .5  X 6 9 .0  m icrons; OPC 83 I  G-5-1*
9 . 3 9 .0  X 5 4 .0  m icrons; OPC 833 F -1 -2 .

10 , 11. E x tra p u n c ta to sp o r is  c f .  E. in t r a in a e q u a l i s  K ru tz sch , 1959 
ÏÔI 3 5 '0  X 7^*5 m icrons; OPC 918 C -2-20.
11. 3 8 .0  X 7 9 .0  m icrons; OPC 831  O-U-2.
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PLATE 7

1 , 2 . Genus D sp . A
1. 5 1 .0  X 68 .9  m icrons; OPC 833 T -1-2 .
2. 6 4 .0  X 6 4 .0  m icrons; OPC 833 T -2 -6 .

3f 4. V i t r e i s p o r i t e s  c f .  V. p a l l id u s  (R e is s in g e r , 1938)
N ils so n , 1958

3 . 2 3 .0  X 3 0 .0  m ic ro n s; OPC 830  K -1-1.
4. 2 3 .0  X 3 6 .0  m icrons; OPC 83O F -5 -2 .

5 ; 6 . C la s s o p o ll is  c f .  C. c la s s o id e s  P f lu g , 1953 emend. Pocock
and J a n s o n iu s , 19^1

5 . 2 5 .5  X 3 0 .6  m icrons; OPC 83 I  C -3-1.
6 . 2 0 .4  X 2 0 .4  m icrons; OPC 83O L -2-1 .

7» P o d o c a rp ld lte s  ? sp .
36 .2  X 4 8 .5  microns; OPC 833 F -4 -6 ,

8 , 9* P in u s p o lle n ite s  sp . A
5  ̂ 53*^ X 7 6 .5  m icrons; OPC 833 Q -2-1.
9 . 5 0 .0  X 6 0 .0  microns; OPC 833  N-3- 9 .

10. A b ie s p o lle n ite s  sp . A
6 8 .0  X 7 5 .0  m icrons; OPC 833 S -5 -10 .

11, 12. E p h e d r ip lte s  sp . A
ï ï l  1 8 . 3  X 4 3 . 4  m icrons; OPC 833 C - I -3 .
12. 2 3 .0  X 40 .8  m icrons; OPC 833 C -1-4.

13; l4  P ic e a e p o l le n i te s  sp . A
13*- 51*0 X 7 6 .5  m icrons; OPC 918  B -5-8 .
l4 .  5 4 .0  X 7 6 .0  m icrons; OPC 918 B -4-1 .
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PLATE 8

Figure
1 , 2. Ephedra c f .  E. n o te n s is  Cookson, 1956

1. 2 k .0 X 3 6 .0  m icrons; OPC 83 I  A -I-3 .
2. 2 2 .0  X 3 7 .0  m icrons; OPC 83 I  A -3-8.

3 , k. In a p e r tu ro p o l le n i te s  sp . A
3I 2 8 .0  X 3 0 .6  m icrons; OPC 83O F - l -k .
k. 2 3 .0  X 2 5 .0  m icrosn ; OPC 83 I  A -2-1.

5- In a p e r tu ro p o l le n i te s  c f .  I .  p a te l la e fo rm is  Weyland and
G re if e ld ,  1953 51 .0  x 53-0 m icrons; OPC 83O D -k-2.

6 , 7 . P o llen  Type A
6 . 3 6 .0  X k3 .0  m ic ro n s , focus on m ûri; OPC 833 W-5-15.
7 . 3 6 .0  X k 3 .0  m icrons; OPC 833  W-5- I 5 .

8 . In a p e r tu ro p o l le n i te s  sp . B
?5-5  X 35-5 m icrons; OPC 831 I - I - 3 .

10. A ra u c a r ia c i te s  sp  A
9 . 2 7 .0  X 2 7 .0  microns; OPC 918  F - I - 3 .

10. 23-0  X 2 5 .5  m icrons; OPC 83 I  G -2-1.
.

11. P o lle n  Type B
k3 .k  X k k .5 m icrons; OPC 918 E -1 -21 .

12 , 1 3 . P o lle n  Type C
12 . 30*6 X k3 .k  m icrons; OPC 833 A-2-3-
13 . 2 8 .1  X 51-0 m icrons; OPC 833 A-2-5-

ik .  M onosu lc ites c f .  M. c a r p e a t i e r i  D e lco u rt and Sprum ont, 1955
3 0 . é  X 8 1 .6  m icrons: OPC 833 0 -2 -7 -

15- M onosu lcites c f .  M. minimus Cookson, 19k7
1 8 .5  X k 3 .k  m icrons; OPC 83I  A - I - I8 .

1 6 . Eucom m iidites c f .  E. m inor G root and  Penny, 1960
25-5 X 2 9 - k m icrons; OPC 83 I  F -3 -k .

17- L l l i a c i d i t e s  c f .  L. k a ita n g a ta e n s i s  C ouper, 1953
2 8 .1  X 5I -O m ic ro n s ; OPC 83I  A -2 -lS .

18 . L i l i a c i d i t e s  c f .  L. in te rm ed iu s  Couper, 1953
30 . é  X 3 3 .0  m icrons; OPC 83 I  A -2-23.

19- C ycadopites ? sp .
2 0 .0  X 3 2 .0  m icrons; OPC 83O AA-1-6.

20. S a b a lp o lle n ite s  sp . B
2 5 .5  X 3 1 .6  m icrons; OPC 83O A -k-12.



PLATE 8



155
PLATE 9

Figure
1 , 2. S a b a lp o lle n ite s  sp . A

1. 3 2 .0  X LO.O m icrons; OPC 918 B-5-7-
2. 2 k . 0 X 2 8 .0  m icrons; OPC 918 B -5-1.

3 , T r ic o lp i r e s  c f .  T. r e t i c u l a tu s  Cookson, 19^7
3 . 2 0 .4  X 25 .5  m icrons; OPC 83I  H-1-3*
4. 2 3 .0  X 2 3 .0  m icrons; OPC 833 B -1-2.

5 , 6 . T r ic o lp i te s  sp . C
5 . 1 8 .0  X 1 8 .0  m icrons; OPC 83O J-2-5*
6 . 1 6 .0  X 17 .0  m icrons; OPC 833 Q-1-1.

7 ,  8 . T r ic o lp i te s  sp . A
7 . 2 1 .5  X 2 3 .0  m icrons; OPC 83I  A-2-16.
8 . 2 2 .0  X 2 8 .0  m icrons; OPC 83O E-5-3*

9f  10. T r ic o lp i te s  sp . G
9 . 1 7 .0  X 2 8 .0  m icrons; OPC 918 C -2-28.

10 . same specim en, focus on p o le .

11 , 12. T r ic o lp i te s  sp . F
11. 1 7 .9  X 17*9 m icrons; OPC 833 X -5-1.
12. 1 7 .0  X 1 7 .0  m icrons; OPC 833  X-3-13-

13 -  15* T r ic o lp i te s  sp . D
15' 2 7 .0  X 2 8 .0  m icrons; OPC 833 N-2-15*
13 ' same specim en, focus on one p o le .
l4 . same specim en, focus on o th e r  p o le .

1 6 . T r ic o lp i te s  sp . H
4 3 .4  X 4 3 .4  m icrons; OPC 918 F -1-10 .

17 . T r ic o lp i te s  sp . B
1 7 .9  X 28 .2  m icrons; OPC 833 V -1-8.

1 8 . T r ic o lp i te s  sp . I
3 5 '7  X 4 0 .8  m icrons; OPC 918 E - I - 3 .

1 9 , 20. T r ic o lp i te s  sp . E
1 9 . 3 5 .0  X 3 5 '0  m icrons; OPC 833 U -3-3 '
20. 3 4 .0  X 3 4 .0  m icrons; OPC 833 U -2-3.
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PLATE 10

Figure
1 , 2 T r ic o lp i te s  sp . J

1. 2 6 .0  X 2 6 .0  m icrons; OPC 83O F -3 -1 .
2 . same specim en, focus on p o le .

3 . T r ic o lp i te s  sp . K
2 0 .4  X 2 3 .0  microns; OPC 83O K -2-1.

4 , 5 . D icoryphe ? sp .
4^ 3 4 .0  X 3 4 .0  m ic ro n s; OPC 918 C-3-4.
5 . 5 2 .0  X 55*0 m icrons; OPC 919 B -2-3.

6 . A q u ilap o ll e n i t e s  c f .  A. n o v a c o lp ite s  Funkhouser, 1961
5 1 .0  X 5 8 .8  m icrons; OPC 833 0 -3 -2 .

I t  8 . A q u ila p o lle n ite s  c f .  A. p o la r i s  Funkhouser, I 961
7 . 51*0 X 53*1 m icrons; OPC 833 F -4 -7 .
8 . 38 .3  X 48.5  m icrons; OPC 833  S -5 -1 .

9 , 10. T r ic o lp o ro p o lle n ite s  sp . C
9  ̂ 2 8 .0  X 2 8 .0  microns; OPC 833 N -5-7.

10 . same specim en, focus on p o le .

11. T r ic o lp o ro p o lle n ite s  sp . B
2 8 .0  X 2 8 .0  m icrons; OPC 83 I A -2-36.

1 2 , 1 3 . T r ic o lp o ro p o lle n ite s  sp . A
12  ̂ 48 .5  X 51*0 m icrons; OPC 918  B -2-7 .
1 3 . 3 8 .0  X 4 7 .0  m icrons; OPC 833  W-2-17.

l 4 ,  17 . T r ip o ro p o l le n i te s  sp . A
Ï41 34-.0 X 3 5 .0  m icrons; OPC 918  D -4-5.
17 . 3 3 .0  X 3 3 .0  m icrons; OPC 833 U -3-1.

1 5 . T r ic o lp o ro p o lle n ite s  sp . D
2 1 .0  X 2 7 .0  m icrons; OPC 833  M-3-9.

1 6 . M onoporopollen ites c f .  M. g ram ineoides M eyer, 1958
1 9 .0  X 2 2 .0  m icrons; OPC 918  E -1-11 .
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PLATE 11

Figure

1. C u p an le ld lte s  c f .  C. m ajor Cookson and PlkC; 195^
2 5 .5  X 2a.O m icronsj OPC 833 U -I -5 .

2 . C u p an ie id ite s  sp . A
1 8 .5  X 2 0 .1  m icronsj OPC 833 W-2-3-

3 . T r iv e s tib ^ o lo p o lle n ite s  ? sp .
2 $ .0  X 2 6 .0  m icrons; OPC N -5-1.

If. T r ip o ro p o lle n ite s  sp . C
2 8 .1  X 2 9 .5  m ic ro n s; OPC 83O B-U-2.

5> 6. T r ip o ro p o l le n i te s  sp . B
2 8 .0  X 30 .5  m icrons; OPC 833 W-5-1.

6 . 2 9 .0  X 2 9 .0  m icrons; OPC 83O C -1-4.

7 . T r ip o ro p o l le n i te s  sp . D
1 3 .0  X Ï4 .0  m icrons; OPC 83 I  A -2-11.

8 . T r ip o ro p o lle n i te s  sp . E
2 7 .0  X 31*0 m icrons; OPC 833 8 -3 -4 .

9 . C a ry a p o lle n ite s  sp . A
53*0 X 53*8 m icrons; OPC 83 I  B -5-1 .

10 , 11. P r o te a c id i te s  sp . A
10. 3 3 .2  X 33*2 m icrons; OPC 833 N -1-12.
11. 3 4 .0  X 3 4 .0  m icrons; OPC 833 N -2-12.

12. T i l l a e p o l l e n i t e s  ? sp .
2 7 .0  X 2 9 .0  m icrons; OPC 83O 1-2 -4 .

1 3 . P te ro c a ry a p o lle n i te s  sp . A
2 5 .0  X 2 5 .0  m icrons; OPC 833  P -4 -1 .

14. P r o te a c id i te s  sp . B
2 4 .0  X 2 5 .5  m icrons; OPC 833 0 -1 -1 2 .

1 5 . P r o te a c id i te s  sp . C
2 9 .0  X 3 0 .6  m ic ro n s; OPC 83 I  E -1 -1 .

1 6 , 1 7 . P i s t i l l i p o l l e n i t es sp . A
16 . 2 8 .0  X 2 8 .0  m icrons; OPC 918 F -3 -8 .
17 . 3 5 '7  X 4 0 .8  m ic ro n s , t e t r a d ;  OPC 83O F -4 -5 .

1 8 , 19 . P i s t i l l i p o l l e n i t e s  Î sp .
16. 2 5 .5  X 2 5 .5  m icrons; OPC 83 I  A -1-2.
1 9 . 2 5 .5  X 25-5 m icrons; OPC 83I  A -1-2 .
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PLATE 12

1 , 2. Fachysandra c f .  P. p ro c im lie n tifo m ls  S am oilov ich , 1961
1. 35-5 X 4 0 .ü m icrons; ÔPC 833  N -4-10.
2 . same specim en, en largem ent o f  fe ra e  o rnam en ta tion .

3 . In c e r ta e  s e d is  sp . A
8 8 .0  X 100.0  m icrons; OPC 918 B -3-4.

4. S c h iz o sp o ris  c f .  S. parvus Cookson and Dettm ann, 1959
5 6 .0  X 1 1 5 .0  m icrons; OPC 918 C-4-12.

5 . S c h iz o sp o ris  c f .  S. cookSonl Pocock, 1962
3 0 .6  X 35*7 m ic ro n s; OPC Ô33 U -I-7 .

6 . M ic ro fo ram in ife ra  sp . A
2 8 .0  X 3 3 .0  microns; OPC 833 M-1-1.

7 . M ic ro fo ram in ife ra  sp . B
34-0 X 8 2 .0  m icrons; OPC 83O J -1 -1 .

8 . O v o id lte s  ? sp .
3 3 '0  X 7 4 .0  m icrons; OPC 918 D -3-6.

9 , 10. B a ltisp h a e rid iu m  sp . A
9^ 4 3 .4  X 4 3 .4  m ic ro n s; OPC 833  A -2-4.

10. 40 .8  X 5 1 .0  m icrons; OPC 833  S -3-12 .

l i  -  13 . In c e r ta e  s e d is  sp . B
11. OPC 831 A -3-14, enlargem ent o f  w a ll s t r u c tu r e .
12. 6 6 .0  X 8 5 .0  m icrons; OPC 83 I  A -3-14 ,

focus on p e r ip h e ry .
1 3 . same specim en, focus o f  o u te r  w a ll.
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TABLE I RELATIVE PERCENTS OF PALYNOLOGICAL FOSSILS IN THE VERMEJO FORMATION COALS, FREMONT COUNTY, COLORADO



GENERA 1 2 1 3 6 7 8 9  , t o
'•  L

12 13

U
P
P
E
R

2.9 0,7 7,4 0.9 2 8 8.2 9.2 8.1 1  21.7

•

■  28.9 99

P
C

8
3

M
1
0
D
L
E

2 9 IJ 9.9 0.8 2.0 58 1.9 4 0
1

19 ■  12 1 ^ ^ ^ 4 9 5 99

L
0
W
E
R

12 27 79 5 4 2 7 28 1 2 9

0
P
c

8
3

U
P
P
E
R

3.7

” 1 1.9 4 5 1 3,2 4.1

M
1
0
0
L
E

0.9 10 1.8 1.9 5.1 14 8 2 4 1.8 9.2

' L 1
0 1
W l.l 0.9 0,1 4 7 6.4 8 8 I.J 1 T,8 4.5
E 1
R 1

10
"

12 13

16.6 0.2 1 0 5

^ g 4 5 , 3 2 9 37 51

1  2 2 0 11 5 9

GENERA I

GENERA ' 2 5 5 1 6 7 8 9 10
"

U
P
P
E
R

0 2 0 65 4 5 6.9 6 3 95 0.8 3 5 . .

P
C

9
1
8

M
t
D
D
L
E

0 5 2 0 •2,7 0.8 8.1 1  7.9 95 2.9 5 4 12.1

"L
0
W
e
R

0 7 2 5 4,5 2,8 14.0 H  150 92 4.2 6.2 99

■■

GEN ERA 2 5 4 5 1 8 7 8 9 1 0 "

0
P
C

U
P
P
E
R

0 2.5 9.0 6.0 1 I 12,9 5,0 1,0 4.0 2 5 . .

9
1
9
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FIGURE 2. HISTOGRAMS OF THE 13 DOMINANT GENERA IN THE VERMEJO 

FORMATION GOALS, FREMONT COUNTY, COLORADO


