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ABSTRACT

The Morrow Form ation  (Lower P e n n sy lv a n ia n )  i n  th e  
T e n k i H e r - F e r r y  and Q r e e n le a f  Lake a re a  o f  n o r t h e a s t e r n  
Oklahoma i n c l u d e s  th o se  s t r a t a  unconformably o v e r l y i n g  th e  
P i t k i n  Form ation  and unconformably  u n d e r ly in g  th e  Atoka 
Form ation .  These two u n c o n f o r m i t i e s  d e f i n e  t h e  b o u n d a r i e s  
o f  th e  Morrow.

In  t h e  s t u d i e d  a r e a  t h e  Morrow Form ation  i s  i n f o r m a l l y  
d i v i d e d  i n t o  f o u r  members which a r e ,  i n  a sce n d in g  o r d e r :
(1) Sandy Member, (2) Mixed C arbonate  and S h a le  Member,
(3) A lg a l  L imestone  and S h a le  Member, and (4) Black  Sha le  
and C arbona te  Member.

Nine s p e c i e s  o f  c a l c a r e o u s  a lg a e  from s i x  g e n e r a  a re  
d e s c r i b e d  i n c l u d i n g  one p ro p o se d  new s p e c i e s  and one p r o 
p osed  new g e n u s .

The abundance and d i s t r i b u t i o n  o f  c e r t a i n  c a l c a r e o u s  
a l g a e ,  c o r a l s ,  c a r b o n a te  l i t h o l o g i e s ,  and th e  s t r a t i g r a p h i e  
framework o f  t h e s e  w i t h i n  t h e  A lg a l  L imestone  and Sha le  
Member a re  i n t e r p r e t e d  as r e p r e s e n t i n g  an a l g a l  bank e n v i r o n 
ment i n  th e  s o u t h ,  s o u th w e s t ,  and w e s te rn  p a r t s  o f  t h e  s t u d 
i e d  a r e a .  S i m i l a r l y  th e  abundance o f  c a r b o n a t e  muds, i n t r a -  
c l a s t i c  c a r b o n a t e s ,  b u r ro w s ,  and d e s s i c a t i o n  f e a t u r e s  w i t h i n  
the  same member a re  i n t e r p r e t e d  as r e p r e s e n t i n g  a t i d a l - f l a t  
env ironm en t  f o r  th e  n o r t h - c e n t r a l  p a r t  o f  t h e  s t u d i e d  a re a .

C e s s a t i o n  o f  p r o l i f i c  c a r b o n a t e  d e p o s i t i o n  was caused  
by i n f l u x  o f  l a r g e  amounts o f  t e r r i g e n o u s  c l a y ,  s i l t ,  and 
sand .
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ALGAE AND PALBOECOLOGY OF ALGAL AND RELATED FACIES, 

MORROW FORMATION (PENNSYLVANIAN), NORTHEASTERN OKLAHOMA

INTRODUCTION

Purpose  o f  I n v e s t i g a t i o n  

The main o b j e c t i v e s  o f  t h i s  i n v e s t i g a t i o n  a r e :  (1) to  

d e s c r i b e  t h e  t y p e s  o f  a lg a e  p r e s e n t  i n  t h e  P e n n sy lv a n ia n  

Morrow F o rm a t io n  o f  n o r t h e a s t e r n  Oklahoma; (2) to  i n t e r p r e t  

th e  p a l e o e c o lo g y  o f  th e  a l g a l  and r e l a t e d  f a c i e s  o f  t h i s  f o r 

m at ion  ; and (3) to  r e c o n s t r u c t  t h e  env ironm ent  o f  d e p o s i t i o n  

o f  t h e  a l g a l  f a c i e s  p a y in g  p a r t i c u l a r  a t t e n t i o n  to  th e  r o l e  

p l a y e d  by  a l g a e  i n  th e  a c c u m u la t io n  o f  t h e s e  and r e l a t e d  

s e d im e n t s .

An a t t e m p t  was. made d u r in g  f i e l d  and l a b o r a t o r y  i n v e s t i 

g a t i o n s  t o  n o te  t h e  r e l a t i o n s h i p s  among t h e  g e n e r a l  f a u n a l  

o c c u r r e n c e ,  b o t h  v e r t i c a l l y  and l a t e r a l l y ,  e s p e c i a l l y  w i th  

r e g a r d  t o  t h e  a l g a l  f a c i e s  and a l g a l  mounds. An a t t e m p t  was 

a l s o  made t o  f i n d  s i g n i f i c a n t  s t r a t i g r a p h i e  r e l a t i o n s  among 

t h e  a l g a l  f a c i e s  w i t h  th e  hope o f  improving  c o r r e l a t i o n  t e c h 

n i q u e s .

L o c a t io n  and D e s c r i p t i o n  o f  Area 

The a r e a  o f  t h i s  i n v e s t i g a t i o n  i s  l o c a t e d  a lo n g  the

1



2
a p p a r e n t  edge o f  t h e  s h e l f  s e p a r a t i n g  th e  Ozark U p l i f t  on th e  

n o r t h  from t h e  Arkoma Basin to  the  so u th .  The rocks  w i t h i n  

th e  s t u d i e d  a r e a  r e p r e s e n t  th e  s h e l f  f a c i e s ,  f o r  th e  most 

p a r t ,  and th e  env ironm ents  i n  which they  formed range  from 

m o d e ra te ly  s h a l lo w  w a te r  to  i n t e r t i d a l .  These a re  r e p l a c e d  

n o r th w ard  by t e r r e s t r i a l  c o n d i t i o n s  on th e  Ozark u p l i f t  and 

sou thw ard  by th e  deeper  w a t e r . o f  t h e  Arkoma Bas in .

Numerous f a u l t s  b r in g  rocks  o f  Morrowan age r e p e a t e d l y  

to  t h e  s u r f a c e  i n  a b e l t  c o n s i d e r a b l y  w ider  th a n  would o t h e r 

w ise  be p r e s e n t ,  and t h i s  o u tc ro p  b e l t  assumes an a r c u a t e  

p a t t e r n  t h a t  o u t l i n e s  th e  w e s t e r n ,  s o u t h w e s t e r n ,  and s o u th e r n  

m arg ins  o f  th e  Ozark Dome a r e a .

The a r e a  o f  s tu d y  i s  s i t u a t e d  a long th e  bend i n  the  a rc  

such  t h a t  Morrowan s t r a t a  a re  a l s o  exposed  f o r  some d i s t a n c e  

to  t h e  n o r t h  o f  t h e  s t u d i e d  a r e a ,  and i n t o  Arkansas  to  the  

e a s t ,  w e l l  beyond th e  a re a  o f  s t u d y .

The shape o f  th e  a re a  o f  i n v e s t i g a t i o n  i s  ro ug h ly  r e c 

t a n g u l a r ,  w i t h  F t .  Gibson Dam l o c a t e d  a t  t h e  n o r t h w e s t e r n  

c o r n e r ,  t h e  town o f  Tahlequah l o c a t e d  a t  t h e  n o r t h e a s t e r n  

c o r n e r ,  t h e  to;m of  Webbers F a l l s  l o c a t e d  a t  t h e  so u th w e s t e rn  

c o r n e r  and th e  tovm o f  Marble C i ty  l o c a t e d  a t  t h e  s o u t h e a s t e r n  

c o r n e r  ( see  f i g u r e  1) .

A l l  o r  p a r t s  o f  twenty  townships  a re  i n c l u d e d  i n  t h i s  

a r e a  and i t  encompasses between 500 and 600 sq u a re  m i l e s .

I t  o c c u p ie s  t h e  n o r t h e a s t e r n  p a r t  o f  Muskogee County ,  th e  

n o r t h w e s t e r n  p a r t  o f  Sequoyah County,  and th e  s o u t h e r n  and



s o u t h w e s t e r n  p a r t s  o f  Cherokee County.

The A rkansas  R iv e r  p r o v i d e s  t h e  main d r a in a g e  sys tem  

and th e  m ajo r  t r i b u t a r y  sys tem s which l i e  w i t h i n  th e  a r e a  o f  

s t u d y  i n c l u d e  t h e  Grand R i v e r ,  t h e  I l l i n o i s  R iv e r  and 

T enki  H e r - F e r r y  R e s e r v o i r ,  and G r e e n l e a f  Lake.

P re v io u s  I n v e s t i g a t i o n s

Morrowan s t r a t a  on th e  s o u t h  f l a n k  o f  t h e  Ozark u p l i f t  

were f i r s t  s t u d i e d  i n  Washington County,  A rk a n sa s ,  by Simonds 

[1891) who r e c o g n i z e d  f o u r  u n i t s ;  [1) th e  Washington s h a l e  

and sa n d s to n e  a t  t h e  ba se  ; (2) t h e  P e n t r e m i t a l  l i m e s t o n e ;

[3) t h e  C o a l - b e a r i n g  s h a l e ;  and [4) t h e  K e s s l e r  l im e s to n e  a t  

t h e  t o p .  L a t e r  t h e  M a r s h a l l  s h a l e  [ F a y e t t v i l l e )  and 

Archimedes l im e s t o n e  [ P i t k i n )  were added to  t h e  f o u r  d i v i 

s i o n s  o f  Simonds and grouped  t o g e t h e r  as t h e  Boston  Group by 

B ranner  [1891) a f t e r  t h e  Boston Mounta ins where t h e s e  rocks  

a r e  w e l l - e x p o s e d .  The Boston Group was c o n s i d e r e d  c o r r e l a 

t i v e  t o  t h e  Genevieve  Group, and up p e r  M i s s i s s i p p i a n  i n  age 

[W i l l i a m s ,  1891).

Adams and U l r i c h  [1905) s e p a r a t e d  th e  o r i g i n a l  f o u r  

u n i t s  o f  Simonds from th e  Boston Group and c a l l e d  t h e s e  the  

Morrow Form at ion  and c o n s i d e r e d  them to  be b a s a l  P e n n s y l 

v a n ia n  i n  age and e q u i v a l e n t  to  th e  lower  P o t t s v i l l e .  They 

d e s c r i b e d  th e  lo w er  member as u s u a l l y  s a n d s to n e  o r  sandy 

s h a l e  and c a l l e d  t h i s  t h e  Hale Member f o r  Hale M ounta in ,  

Washington County ,  A rkansas .  They u s e d  th e  term "Brentwood" 

L imestone  i n  t h e i r  r e p o r t  f o r  what  Simonds had c a l l e d  th e
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P e n t r e m i t a l  l im e s t o n e .  They c o n t i n u e d  to  use  th e  terms Coal-  

b e a r i n g  s h a l e  and th e  K e s s l e r  l im es tone ,  f o r  t h e  two members 

above th e  Brentwood. Purdue (1907) r a i s e d  t h e  Morrow to  

Group r a n k  and t h e  Hale t o  t h a t  o f  a F o rm a t io n .  He con

s i d e r e d  th e  Brentwood l i m e s t o n e ,  C o a l - b e a r i n g  s h a l e ,  and 

K e s s l e r  l im e s t o n e  as a s t r a t i g r a p h i e  e n t i t y  and a s s i g n e d  th e  

name o f  Bloyd t o  t h i s  f o r m a t io n  f o r  beds  e:Kposed on Bloyd 

M o u n ta in ,  n i n e  m i l e s  so u th w e s t  o f  F a y e t t v i l l e ,  A rkansas .

O th e r  work i n v o l v i n g  th e  Morrowan o f  Oklahoma i n c l u d e s  

e a r l y  mapping and d e t a i l e d  s t r a t i g r a p h i e  measurements and 

d e s c r i p t i o n s  by T a f f  (1905) and ( 1 9 0 6 ) ,  a com prehens ive  s tu d y  

o f  t h e  f a u n a  by M ather  (1 9 1 5 ) ,  and a s tu d y  i n c l u d i n g  a s e c 

t i o n  on C a r b o n i f e r o u s  s t r a t i g r a p h y  by Newell  and Wilson 

(1937) .  Moore (1947) p u b l i s h e d  "The Morrow S e r i e s  o f  N o r th 

e a s t e r n  Oklahoma" as B u l l e t i n  No. 66 o f  t h e  Oklahoma Geolo

g i c a l  S u rv e y ,  and t h i s  p e rh a p s  r e p r e s e n t s  t h e  most  com ple te  

s t u d y  y e t  p u b l i s h e d .  Huffman d i r e c t e d  numerous M.S. t h e s e s  

i n  n o r t h e a s t e r n  Oklahoma and Oklahoma G e o l o g ic a l  Survey 

B u l l e t i n  No. 77 "Geology o f  th e  F la n k s  o f  t h e  Ozark U p l i f t "  

(195 8) r e p r e s e n t s  t h e  r e s u l t s  o f  t h e s e  s t u d i e s .  Henbes t  

(1962) d e s c r i b e d  t h e  type  s e c t i o n s  f o r  Morrowan s t r a t a ,  

m o s t l y  from e x p o su re s  i n  Washington  County ,  A rk a n sa s .

A p r o j e c t  i s  c u r r e n t l y  u n d e r  way, u nd e r  t h e  s u p e r v i s i o n  

o f  P. K. S u t h e r l a n d ,  s p o n s o re d  by a g r a n t  from t h e  N a t i o n a l  

S c i e n c e  F o u n d a t io n ,  r e v i s i n g  th e  r e g i o n a l  s t r a t i g r a p h y  o f  

t h e  Morrow Group i n  n o r t h e a s t e r n  Oklahoma. The f o l l o w in g
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t h e s e s  and d i s s e r t a t i o n  have been  completed  as a p a r t  o f  t h i s  

p r o j e c t :  Haugh (1968) ,  Bowlby (19 6 8 ) ,  Rowland (1 9 7 0 ) ,  and 

Henry (1970) .

Methods o f  I n v e s t i g a t i o n  

W ith in  th e  s t u d i e d  a r e a  ove r  s i x t y  ex p osu re s  o f  Morrowan 

s t r a t a  were r e c o n n o i t e r e d .  Of t h e s e ,  t w e n t y - s i x  were s e l e c t e d  

f o r  d e t a i l e d  s t u d y .  A p a r t i c u l a r  ex p osu re  was s e l e c t e d  b e 

c a u se :  (1) i t  c o n t a i n e d  th e  e n t i r e  Morrow F o rm a t io n ;  (2) i t  

d i s p l a y e d  p a r t i c u l a r l y  i n t e r e s t i n g  a l g a l  b e d s ;  (3) i t  d i s 

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

p o o r l y  exposed  o r  cov ered  i n  a n e a rb y  measured  s e c t i o n ;  (4) 

t h e  s t r a t i g r a p h i e  r e l a t i o n s  w i t h  t h e  s u b j a c e n t  P i t k i n  s t r a t a  

were w e l l - e x p o s e d ;  (5) t h e  s t r a t i g r a p h i e  r e l a t i o n s  w i t h  t h e  

s u p e r j a c e n t  A toka  Form ation  were w e l l - e x p o s e d ;  o r  (6) combi

n a t i o n s  o f  th e  above f a c t o r s .

In  s i m i l a r  f a s h i o n  numerous c o re s  were examined and f i v e  

were  s e l e c t e d  f o r  d e t a i l e d  s t u d y .  The c o re s  chosen  f o r  d e 

t a i l e d  work were s e l e c t e d  p r i m a r i l y  i n  an a t t e m p t  t o  b o t h  

complement and supp lem en t  s u r f a c e  d a t a  i n  t h e  c r i t i c a l  a r e a  

o f  a l g a l  development  a long  th e  Arkansas  R iv e r  n o r t h  o f  t h e  

town o f  Webbers F a l l s ,  Oklahoma, and to  add more comple te  i n 

f o r m a t io n  t o  t h e  s t r a t i g r a p h y ,  as p o r t i o n s  o f  n e a rb y  measured  

s e c t i o n s  a r e  p o o r l y  exposed  o r  covered .

The t w e n t y - s i x  s u r f a c e  e x p o su re s  (measured s e c t i o n s )  

and two o f  t h e  f i v e  c o re s  s e l e c t e d  were d e s c r i b e d  and meas

u r e d  u s in g  t a p i n g ,  J a c o b - s t a f f  and Abney l e v e l ,  and p l a n e -
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t a b l e  and a l i d a d e  methods.  In  s e v e r a l  c a se s  two methods were 

employed as a d o u b le -c h e c k  on accu ra c y  and r e s u l t s  a re  i n  

c l o s e  ag reem en t .  The d e s c r i p t i o n s  o f  t h e s e  measured  s e c t i o n s  

and c o re s  may be found i n  th e  append ix  o f  t h i s  r e p o r t .

Samples were c o l l e c t e d  from each  m easured  s e c t i o n  and 

co re  w i t h  one o r  more samples c o l l e c t e d  from any a p p a r e n t  

v e r t i c a l  o r  l a t e r a l  change i n  l i t h o l o g y .  This  r e s u l t e d  in  

o v e r  500 hand samples  i n  a l l .  Each sample  was s l a b b e d ;  one 

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

and a n o th e r  p a r t  was e t c h e d  i n  10 p e r c e n t  d i l u t e  h y d r o c h l o r i c  

a c i d .  Both s u r f a c e s  were then  s t u d i e d  w i t h  a b i n o c u l a r  

m ic ro sc o p e .  From t h e s e  sam p les ,  131 t h i n  s e c t i o n s  were p r e 

p a r e d ,  a p p ro x im a te ly  h a l f  f o r  p u rp o se s  o f  c a r b o n a t e  p e t r o l o g y  

and th e  rem a ind e r  f o r  a l g a l  s tu d y .

In  th e  co re  and measured  s e c t i o n  d e s c r i p t i o n s  t h e  c o l o r  

o f  f r e s h  and w e a th e re d  s u r f a c e s  was n o t e d  u s in g  th e  t e r m i 

n o log y  o f  th e  Rock-Color  C ha r t  of  Goddard, e t  a l .  (1951) .

The c o l o r  name and number i s  g iv en  f o r  a l l  d u p l i c a t e d  c o l o r  

names,  such  as l i g h t  o l i v e  g ray  (5 Y 6 /1 )  and l i g h t  o l i v e  

g ra y  (5 Y 5 /2 )  and l i g h t  brovm (5 YR 6 /4 )  and l i g h t  brown 

(5 YR 5 / 6 ) .  Only th e  c o l o r  name i s  g iv e n  when a d u p l i c a t e  

name does n o t  e x i s t ,  such  as l i g h t  g r a y ,  medium l i g h t  g r a y ,  

medium g r a y ,  medium d a rk  g r a y ,  e t c .  t h e  numbers f o r  which 

a re  N7, N6, NS and N4 r e s p e c t i v e l y .

For bedd ing  c h a r a c t e r i s t i c s  th e  a u th o r  u sed  a s l i g h t  

m o d i f i c a t i o n  o f  t h e  sys tem  s u g g e s te d  by McKee and Wier (1953).
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T ab le  1 be low i l l u s t r a t e s  t h e  sys tem  employed i n  t h i s  s t u d y .

T ab le  1: Bedding T h ick n es s  Terminology 
(M odif ied  from McKee 8 Wier,  1953)

THICKNESS OF BED 

> 6 f e e t

3 - 6  f e e t
1 - 3  f e e t
2 - 1 2  in c h e s
1 cm - 2 in c h e s  
0 .4  - 1 cm.
< 0 .4  cm.

BEDDING TERM EMPLOYED

m ass iv e -b e d d ed  
( v e ry  th i c k - b e d d e d )  
t h i c k - b e d d e d  
medium-bedded 
t h in - b e d d e d  
v e r y  t h in - b e d d e d  
l a m in a t e d  
f i n e l y - l a m i n a t e d

The Wentworth g rade  s c a l e  was u se d  f o r  g r a i n  s i z e  t e r 

m inology o f  q u a r t z - b e a r i n g  ro ck s  and a m o d i f i c a t i o n  o f  t h i s  

sy s tem  as s u g g e s t e d  by F o lk  (1959) was used  f o r  t h e  c a r b o n a t e  

r o c k s .



STRATIGRAPHY

D e f i n i t i o n

Henbes t  (1962) x e d e s c r i b e d  t h e  ty p e  s e c t i o n s  f o r  th e  

Morrow Group ( i n c l u d i n g  t h e  Hale and Bloyd F o rm a t io n s )  f rom 

e x p o su re s  i n  Washington C ounty ,  A rk a n sa s .  I t  i s  t h e  o p i n i o n  

o f  t h i s  w r i t e r ,  however ,  t h a t  w h i l e  the  s t r a t i g r a p h i e  u n i t s  

and t e r m in o lo g y  o f  H enbes t  may be v a l i d  i n  W ashington  County 

and a d j a c e n t  p a r t s  o f  t h e  Boston  Mounta ins  i n  A r k a n s a s ,  th e y  

c an no t  be  a p p l i e d  w i t h  any d e g re e  o f  c e r t a i n t y  i n  n o r t h 

e a s t e r n  Oklahoma e s p e c i a l l y  i n  t h e  Tenki  H e r - F e r r y  R e s e r v o i r  

and G r e e n l e a f  Lake a r e a s .  The c o r r e l a t i o n s  t h a t  m ig h t  be 

made a re  a t  b e s t  v e ry  t enu o us  and more s t r a t i g r a p h i e  and b i o -  

s t r a t i g r a p h i c  work needs  t o  be  done ,  e s p e c i a l l y  i n  t h e  a r e a  

be tw een  W ashington County ,  A r k a n s a s ,  and th e  a r e a  o f  th e  p r e 

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

be tw een  t h e  a r e a s  seems t o  j u s t i f y  t h e  usage  of  d i f f e r e n t  

names f o r  th e  s t r a t i g r a p h i e  u n i t s  o f  Oklahoma. For  u se  i n  

n o r t h e a s t e r n  Oklahoma t h e  w r i t e r  a d o p ts  th e  term Morrow F o r 

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

t h e  l im e s t o n e s  o f  th e  P i t k i n  Fo rm a t ion  and u n d e r l y i n g  th e  

s a n d s t o n e s  and s h a l e s  o f  th e  Atoka F o rm a t io n .  Both t h e  upp e r  

and lower  b o u n d a r i e s  d e f i n i n g  t h e  Morrow Fo rm a t ion  a re

9
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u nc o n fo rm a b le  and e x h i b i t  d i s t i n c t i v e  l i t h o l o g i e  d i f f e r e n c e s  

above and be low  t h e  r e s p e c t i v e  boundary .

T h is  u sage  i s  i n  ag reem ent  w i t h  Haugh (19 6 8 ) ,  Bowlby 

(1 9 6 8 ) ,  Rowland (1 9 7 0 ) ,  and Henry (1970) .

G e n e ra l  R e l a t i o n s  

The Morrow F o rm a t io n  most  commonly r e s t s  on t h e  P i t k i n  

L im es to n e  i n  t h e  a r e a  of  t h i s  i n v e s t i g a t i o n .  However as one 

p r o c e e d s  n o r th w a r d  o u t  o f  t h e  s t u d i e d  a r e a ,  more and more o f  

t h e  P i t k i n  i s  m i s s i n g  u n t i l  f i n a l l y ,  n o r t h  o f  t h e  Wagoner- 

Mayes co u n ty  b o u n d a ry ,  t h e  Morrow r e s t s  d i r e c t l y  on s h a l e s  

and l i m e s t o n e s  a s s i g n e d  to  t h e  F a y e t t v i l l e  F o rm a t io n .  The 

lo w e r  Morrow c o n t a c t ,  t h e n ,  w h i l e  a p p e a r in g  t o  be d i s  con

f o rm a b le  a t  any g i v e n  l o c a t i o n ,  i s  i n  r e a l i t y  an a n g u la r  u n 

c o n f o r m i ty  when c o n s i d e r e d  r e g i o n a l l y ,  and r e p r e s e n t s  p o s t -  

P i t k i n  t i l t i n g  and t r u n c a t i o n  (Moore, 1947, p .  21 ) .

The Morrow F o rm a t io n  i n  t h e  s t u d i e d  a r e a  i s  i n f o r m a l l y  

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

a s c e n d in g  o r d e r  t h e s e  a r e  ; (1) Sandy Member, a t e r r i g e n o u s  

q u a r t z - r i c h  s h a l e - c a r b o n a t e - s a n d s t o n e  u n i t ;  (2) Mixed C a r 

b o n a t e  and S h a le  Member, w i t h  d i s t i n c t i v e  l a t e r a l  v a r i a t i o n s ;  

(3) A l g a l  L im es tone  and S h a le  Member; and (4) B lack  Sha le  

and C a rb o n a te  Member, which c o n s i s t s  of  t h r e e  submembers 

where  w e l l  d e v e lo p e d .  IVhile t h e s e  u n i t s  a r e  l i t h o l o g i c a l l y  

d i s t i n c t i v e ,  t h e y  do v a ry  b o t h  v e r t i c a l l y  and l a t e r a l l y ,  and 

t h e s e  v a r i a t i o n s  w i l l  be c o n s i d e r e d  i n  g r e a t e r  d e t a i l  l a t e r  

i n  t h i s  p a p e r .
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Unconformably o v e r l y i n g  th e  Morrow Form ation  i n  th e  a r e a  

o f  t h i s  s t u d y  a r e  s a n d s to n e s  and s h a l e s  o f  th e  Atoka Forma

t i o n .  N o r th  and n o r t h e a s t  of  P r y o r ,  i n  Mayes and Cra ig  

C o u n t ie s  th e  o v e r l y i n g  s a n d s to n e s  and s h a l e s  a r e  mapped 

(Huffman, 1958) as A to k a -H a r t s h o r n e  u n d i f f e r e n t i a t e d .

P i t k i n  Limestone  

Moore r e c o g n i z e d  two d i s t i n c t  l i t h o l o g i e  zones in  t h e  

P i t k i n  i n  A d a i r  County ,  j u s t  e a s t  o f  t h e  s t u d i e d  a r e a ;  a 

low er  m ass iv e  zone and an u pper  g r a n u l a r  to  a r g i l l a c e o u s  

zone.  "The m ass iv e  zone i s  th e  most  common th r o u g h o u t  t h e  

s o u t h e r n  p a r t  o f  A d a i r  County and a l l  o f  Cherokee C oun ty ."  

(Moore, 1947, p .  19)

In  each  m easured  s e c t i o n  where  t h e  P i t k i n  was encoun

t e r e d  e x c e p t  one ,  i t  g e n e r a l l y  f i t s  Moore’ s d e s c r i p t i o n  o f  

th e  low er  m ass ive  zone. Measured s e c t i o n  8 n e a r  Blackgum 

Landing i s  th e  e x c e p t i o n ,  and h e re  t h e  upperm ost  P i t k i n  c o n 

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

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

g r a n u l a r  zone o f  Moore.

The a c t u a l  t y p e  o f  c a r b o n a t e  p r e s e n t  d i r e c t l y  below th e  

Morrow v a r i e s  w id e ly  from m easured  s e c t i o n  to  m easured  s e c 

t i o n  and no g e n e r a l  d e s c r i p t i o n  c o u ld  a p p ly .  O o l i t i c ,  p e l l e 

t a i ,  B i o c l a s t i c ,  and a l g a l  c a r b o n a t e s  a l l  seem to  be about  

e q u a l l y  common i n  t h e  u p pe r  P i t k i n  b e d s ,  and t h e s e  a r e  g e n e r 

a l l y  f r e e  o f  t e r r i g e n o u s  q u a r t z .
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P i t k i n -Morrow C on tac t  

Everywhere i n  th e  s t u d i e d  a r e a  where i t  c r o p s - o u t ,  t h e  

P i tk in -M o rrow  c o n t a c t  was found t o  be unconfo rm ab le .  In  

many s e c t i o n s  CM.S. 3, 6 , 9, 11, 14, 20, 21, 22, 23,  24, and 

25) a b a s a l  cong lom era te  i s  deve lop ed .  I n  o t h e r  s e c t i o n s  

(M.S. 1 , 3, 4 ,  14,  22) p h o sp h a te  p e b b le s  a re  common above 

th e  e r o s i o n  s u r f a c e .  Ano ther  u s e f u l  c r i t e r i o n  was burrows 

o r  b o r in g s  i n  th e  top  s u r f a c e  o f  t h e  P i t k i n  which were f i l l e d  

w i t h  th e  o v e r l y i n g  q u a r t z - r i c h  sed im en t  o f  th e  Morrow, as a t  

M.S. 22, 23,  and 25. A l so ,  i n  many s e c t i o n s  l a n d  p l a t e  f o s 

s i l s  (L ep ldodendron  a n d /o r  C a l a m i t é s ) were abundant  in  th e  

lower  beds o f  th e  Morrow, as a t  M.S. 1, 3, 4, 6, 11, and 17. 

In  many c a se s  th e  P i t k i n - M o r r o w - c o n t a c t  i s  w e ld ed ,  as a t  

M.S. 4,  9 ,  21, 22,  and 25. P l a t e s  1 and 2 i n c l u d e  s e v e r a l  

v iews o f  t h e  P i tk in -M o rrow  c o n t a c t .

Morrow Form ation  

Sandy Member

The Sandy Member o f  th e  Morrow Form ation  c o n s i s t s  o f  

e i t h e r  t h i c k - b e d d e d ,  commonly c r o s s - b e d d e d ,  c a l c a r e o u s  s a n d 

s t o n e s  o r  m ass ive  sandy l im e s t o n e s .  In  th e  extreme s o u t h 

w e s t e r n  p a r t  o f  th e  a r e a  a b l a c k  s h a l e  w i t h  s a n d s to n e  s t r i n 

g e r s  commonly c o n t a i n i n g  L epidodendron  and o t h e r  l a n d  p l a n t s  

i s  dev e lo ped  below th e  m ass ive  b e d s ,  and t h e s e  a r e  r e c o g 

n i z e d  as a s e p a r a t e  u n i t  by Haugh [1968) .  The t o t a l  t h i c k 

n ess  o f  th e  member remains  r em arkab ly  c o n s i s t e n t  th ro u g h o u t
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PLATE 1

P i t k i n - Morrow c o n t a c t

A. View o f  P i tk in -M o rro w  c o n t a c t  a t  M.S. 22. S t u d e n t ' s
head  i s  a t  c o n t a c t .  Note smooth w e a th e r in g  o f  P i t k i n
and r o u g h e r  appea ran ce  o f  Morrow.

B. C lo s e r  v iew  o f  c o n t a c t .  S t u d e n t ’ s f i n g e r  p o i n t s  to  
welded  p o r t i o n .

C. C lo s e r  v iew  o f  B, showing welded  c o n t a c t .  Tip of  hammer 
h a n d le  i s  t o u c h in g  c o n t a c t .

D. P o l i s h e d  s l a b  o f  we lded  c o n t a c t  from M.S. 22. Lower
t h i r d  o f  s l a b  i s  P i t k i n ,  r e m a in d e r  Morrow.

E. Thin s e c t i o n  o f  we lded  c o n t a c t  from M.S. 22. Note 
o o l i t e s  and c o a t e d  f o s s i l  f r a g m e n ts  i n  P i t k i n ,  some 
t r u n c a t e d  a t  t h e  u n c o n fo rm i ty .  The Morrow c o n ta in s  
q u a r t z  s a n d ,  ech inoderm  f r a g m e n t s ,  and b ry ozo an  f r a g 
m ents .



Æ e - -

P L A T E  1
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PLATE 2

P i t k i n - Morrow c o n t a c t

A. S lab  o f  P i t k i n  l im e s t o n e  w i t h  a b undan t  A rc h im e d es , from 
2 f e e t  be low c o n t a c t  a t  M.S. 3.

B. P o l i s h e d  s l a b  o f  w e lded  c o n t a c t  from M.S. 25 ( P a r k h i l l ) .  
Note l i t h o g r a p h i c  a p p e a ra n c e  o f  upperm ost  P i t k i n ,  and 
b o r i n g s  f i l l e d  w i t h  l i g h t e r - c o l o r e d  Morrow sand .

C. P i tk in -M o r r o w  c o n t a c t  a t  M.S. 9 (Quarry M oun ta in ) .
Again  n o t e  smooth w e a t h e r i n g  o f  P i t k i n .  Hammer head 
r e s t s  on to p  o f  t h e  i r r e g u l a r ,  u n d u l a t i n g  P i t k i n  e ro -  
s i o n a l  s u r f a c e .

D. C loseup  o f  C. Hammer h e ad  r e s t s  on P i t k i n .
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tlie a r e a  w i t h  th e  s o u t h e r n  s e c t i o n s  ra n g in g  i n  t h i c k n e s s  from 

37 t o  47 f e e t  and th e  n o r t h e r n  s e c t i o n s  ra n g in g  from 32 f e e t  

t h i c k  [M.S. 21) to  abou t  37 f e e t  t h i c k  (M.S. 20 and M.S. 24). 

See P l a t e s  17,  18, and 19 i n  back  p o c k e t .

As i n d i c a t e d  above,  t h i s  member i s  e q u i v a l e n t  to  the  

lower  S h a l e - C a l c i s i l t i t e  Member and Hale Sand Member o f  Haugh 

(1968) .  A l s o ,  i t  e q u a te s  w i t h  Bowlby's  Sands tone -Sandy  Lime

s t o n e  I n t e r v a l ,  w i t h  a p p ro x im a te ly  t h e  lower t h r e e - f o u r t h s  of  

Sequence A (Limestone and Sands tone  w i t h  t h i n  s h a l e )  o f  

Rowland (19 70) , and w i t h  a p p ro x im a te ly  t h e  lower  t h r e e - f o u r t h s  

of  th e  Lower C a l c a r e n i t e - S a n d s t o n e  Member o f  Henry (1970).

See T ab le  2,

Mixed Carbona te  and Sha le  Member

D i r e c t l y  above the  Sandy Member i s  the  h i g h l y  v a r i a b l e

Mixed C arbona te  and Sha le  Member. I t  i s  e q u i v a l e n t  to  the  

Lower S h a le -L im e s to n e  I n t e r v a l  o f  Bowlby (1 9 68 ) ,  t h e  Lower 

S h a le -L iraes to ne  Member o f  Haugh (19 6 8 ) ,  c o r r e sp o n d s  t o  the  

upper  q u a r t e r ,  a p p ro x im a te ly ,  o f  Sequence A and th e  Lower 

Limestone o f  Sequence B o f  Rowland (1970) ,  and e q u a te s  w i th  

th e  u p pe r  q u a r t e r  o f  t h e  Lower C a l c a r e n i t e - S a n d s t o n e  Member 

p l u s  th e  Lower C a l c i l u t i t e  Member and the  Middle  S h a le -  

L im es tone  Member o f  Henry (1970) .  See Table  2.

Rowland (1970, p .  68) i n d i c a t e s  t h a t  " s h a l e  o r  s i l t s t o n e  

forms th e  u pper  beds o f  Sequence A", b u t  t h e s e  a r e  r e p l a c e d  

by l im e s to n e s  i n  some s e c t i o n s .  H e re in  l i e s  t h e  b a s i c  l a t e r 

a l  d i f f e r e n c e  i n  the  member. In  the  e a s t e r n  and c e n t r a l  p a r t



S u b d i v i s i o n  of 

Bowlby (1968)

S u b d i v i s i o n  o f  

Haugh (1968)

S u b d i v i s i o n  o f  

Rowland (1970)

S u b d i v i s i o n  o f  

Henry (1970)

T h is

p a p e r

A toka A toka A toka A toka A toka A tok a

Upper  S h a l e -
L im es to n e
I n t e r v a l

Upper S h a l e  "B" 
Upper Mudstone  
Upper S h a l e  "A" S equence  C

Upper  S h a l e  "B" 
Upper  C a l c i l u 
t i t e  - C a l c a r e n i t  
Upper  S h a l e  "A"

B lac k  S h a le  
and 

5 C a r b o n a te  
Member

Brown Crumbly 
L im e s to n e

Brown Crumbly 
L im e s to n e  Member

w
(DUC0
Pcr0

Upper
L im es to n e

Brown Crumbly 
L im e s to n e

A l g a l  L im e s to n e  

and
S h a l e  MemberA l g a l  Mudstone 

I n t e r v a l
Main A l g a l  
Member

M id d le
L im es to n e

M idd le
C a l c i l u t i t e

Lower S h a l e -
L im e s to n e
I n t e r v a l

Lower S h a l e -
L im es to n e
Member

Lower
L im e s to n e

M idd le  S h a l e -  
L im e s to n e  Mem
b e r .  Lower C a l -r-| Tnf 1 r  n

Mixed C a r b o n a te  
and

S h a le  Member

S equence  A

Lower
C a l c a r e n i t e -
S a n d s t o n e
Member

S a n d s to n e

Sandy
L im e s to n e
I n t e r v a l

Hale  Sand 
Member
Lower S h a l e -  
C a l c i s i l t i t e  
Member

Sandy Member

P i t k i n P i t k i n P i t k i n P i t k i n P i t k i n P i t k i n

oo

T a b l e  2: Com par ison  o f  R e c e n t  I n f o r m a l  S u b d i v i s i o n s  o f  Morrow F o r m a t io n  o f  N o r t h 
e a s t  Oklahoma a f t e r  Bowlby [ 1 9 6 8 ) ,  Haugh ( 1 9 6 8 ) ,  Rowland ( 1 9 7 0 ) ,  and 
Henry (1 9 7 0 ) .  .
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of  th e  a r e a  t h i s  member c o n s i s t s  o f  t h i c k  sequences  o f  s h a l e  

a n d /o r  s i l t s t o n e s  w i t h  o c c a s i o n a l  t h i n  l i m e s t o n e s ,  (see  P l a t e  

18) as a t  P a r k h i l l  (M.S. 25) where  a t h i c k n e s s  o f  70 f e e t  i s  

a t t a i n e d ,  Cookson (M.S. 26) 56 f e e t ,  b o t h  i n  t h e  e a s t e r n  p a r t  

o f  t h e  a r e a ,  and 55 f e e t ,  a t  Q u a l l s  (M.S. 2 1 ) ,  and 53 f e e t  a t  

Ryder Mountain  (M.S. 2 3 ) ,  b o t h  l o c a t e d  i n  th e  c e n t r a l  p a r t  of  

t h e  a r e a .  The s h a l e s  and s i l t s t o n e s  r e p r e s e n t  i n f l u x  o f  f i n e  

e l a s t i c s  t h a t  i n t e r r u p t e d  c a r b o n a te  d e p o s i t i o n  i n  a l l  b u t  th e  

w e s t e r n  p o r t i o n  o f  t h e  s t u d i e d  a r e a  where c a r b o n a te s  con

t i n u e d  to  be d e p o s i t e d .  The e q u i v a l e n t  sequence  o f  l im e s t o n e s  

w i t h  o r  w i t h o u t  s h a l e s  i n  t h e  w e s t e r n  p o r t i o n  v a r i e s  s i g n i f i 

c a n t l y  i n  t h i c k n e s s  and shows a r e g u l a r  t h i c k e n i n g  sou thw ard  

from 13 f e e t  a t  F t .  Gibson Dam (M.S. 24} to  20 f e e t  a t  t h e  

Abandoned Keough Quarry  (M.S. 14) t o  48 f e e t  a t  Webbers Cove 

(M.S. 11) to  68 f e e t  a t  McCully Ranch (M.S. 3 ) .  See P l a t e s  

18 and 19,

In  n e a r l y  h a l f  o f  t h e  measured  s e c t i o n s  an a l g a l  u n i t  

may be found w i t h i n  t h i s  member, and i t  i s  found i n  t h e  w es

t e r n ,  c e n t r a l ,  and e a s t e r n  p a r t s  o f  th e  a r e a .  I t  i s  nowhere 

d e v e lop ed  as t h i c k l y  as a r e  a l g a l  beds in  t h e  main A lg a l  

L imestone  and S h a le  Member, b u t  i s  r a t h e r  p e r s i s t e n t .  Gener

a l l y  i t  i s  t h i n ,  com pr is ing  on ly  a bed  o r  two u s u a l l y  f i v e  

f e e t  t h i c k  o r  l e s s  and on ly  1 .5  t o  2 f e e t  t h i c k  i n  p l a c e s ,  

o r  i t  may occu r  as th e  u pper  p a r t  o f  a u n i t  t h a t  i s  n o t  a l 

g a l  a t  i t s  base  b u t  becomes i n c r e a s i n g l y  more a l g a l  upward.

The u p p e r  s u r f a c e s  o f  such  u n i t s  a r e  h i g h l y  a l g a l  w i t h



20
C u ne iph y cu s- a l g a l  b i o l i t h i t e s ,  o r  A r c h a e o l i t h o p h y l lu m  biorai-  

c r u d i t e - b i o l i t h i t e  t r a n s i t i o n s .  In  th e  w e s t e r n  s e c t i o n s  

l i m e s t o n e s  a r e  found  above and b e lo w ,  whereas  i n  t h e  c e n t r a l  

and e a s t e r n  s e c t i o n s  t h e  a l g a l  u n i t  i s  o v e r l a i n  by s h a l e s  

a n d / o r  s i l t s t o n e s .  A l t o g e t h e r  i t  i s  p r e s e n t  a t  10 s e c t i o n s ,  

i n c l u d i n g  M.S. 2,  3,  6,  7, 11, 21, 22, 23, 25, and 26.

A lg a l  L im es tone  and S h a le  Member

The a l g a l  l im e s t o n e s  o f  t h e  A lg a l  L im estone  and Sha le  

Member p r o v i d e  th e  c h i e f  b a s i s  f o r  t h i s  i n v e s t i g a t i o n .  Algae 

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

on A lg a e .  The r e l a t i o n s h i p s  be tween  th e  a lg a e  and t h e  s e d i 

ments  c o n t a i n i n g  them a re  d i s c u s s e d  i n  t h e  s e c t i o n  on C a r 

b o n a t e  P e t r o l o g y .  The env iro n m en t  o f  d e p o s i t i o n  and p a l e o -  

ec o lo g y  o f  t h e  a l g a l  and r e l a t e d  f a c i e s  i s  t r e a t e d  i n  t h e  

s e c t i o n s  on C a rb o n a te  P e t r o l o g y ,  A lg a e ,  and more s p e c i f i c a l l y  

t h e  s e c t i o n  e n t i t l e d  P a l e o e c o lo g y  and Environm ent  o f  D e p o s i 

t i o n .

I n c l u d e d  i n  t h i s  member a r e  th e  main r u b b ly  to  m a s s iv e ,  

i r r e g u l a r l y - b e d d e d  [ p r a c t i c a l l y  non-bedded)  a l g a e - r i c h  l im e 

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

a l g a l  o n c o l i t h s ;  some o f  O s a g i a , some c o a t e d  w i t h  t h e  b ran c h es  

o f  C u n e ip h y c u s , and some c o n t a i n i n g  c o m b in a t io n s  o f  t h e  two.

In  a few s e c t i o n s  t h e  u n i t  i s  capped by th e  development  o f  a 

bed  o f  O t t o n o s i a , as a t  McCully  S ou th  [M.S. 2 ) ,  McCully 

Ranch [M.S. 3 ) ,  Chism’ s B l u f f  [M.S. 7 ) ,  and S t r a y h o r n  SIV 

[M.S. 18 ) .  At T e n k i l l e r  NW [M.S. 1 0 ) ,  O t t o n o s i a  o c c u r s  below
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t h e  o n c o l i t h - b e a r i n g  l im e s to n e s  and s h a l e s .  I t s  t h i c k e s t  

deve lopm en t ,  however,  i s  o n ly  3 to  4 i n c h e s , a t  M.S. 3.

The p h y s i c a l  a p p ea ran ce  and c h a r a c t e r  o f  t h e  a l g a l  l i m e 

s t o n e s  i s  i n  g e n e r a l  d e te rm in e d  by th e  c l a y  c o n t e n t .  Where 

c l a y  i s  a b s e n t  o r  n e a r l y  so th e  a l g a l  beds w e a th e r  smooth 

and a re  g e n e r a l l y  m ass iv e  and c l i f f - f o r m i n g .  As t h e  c l a y  

c o n t e n t  i n c r e a s e s  t h e  l im e s to n e s  a r e  more and more r u b b ly  

( see  P l a t e  4 ,  f i g .  C) and r e a d i l y  b r e a k  down t o  form subdued 

l e d g e s  o r  even c o v ered  s l o p e s  w i t h  o n ly  knobby, n o d u l a r ,  a l 

g a l  l im e s to n e  " f l o a t "  s u g g e s t i n g  p r e s e n c e  o f  t h e  u n i t .  A l s o ,  

the  member may be s u b d i v i d e d  i n t o  t h e  lower  "main" a l g a l  beds 

and an u p p e r  u n i t  o f  o n c o l i t h - b e a r i n g  l im e s to n e s  a n d / o r  

s h a l e s .  See P l a t e s  17, 18, and 19.

The low er  "main" a l g a l  beds  may be d e s c r i b e d  as t y p i 

c a l l y  c o n t a i n i n g  A r c h a e o l i t h o p h y l lu m  m i s s o u r i e n s i s , A. 

l a m e l lo su m , Cuneiphycus t e x a n a , v a r i o u s  s p e c i e s  o f  G i r v a n e l l a , 

and O s a g i a . L o c a l l y  h i g h l y  abundant  a re  d a s y c l a d a c e a n  a lg a e  

and t h e s e  o ccu r  p r a c t i c a l l y  t o  t h e  e x c l u s i o n  o f  o t h e r  f o s s i l s  

i n  some e a s e s  b u t  t h e y  a re  v e ry  r e s t r i c t e d  l a t e r a l l y .  Also  

o f  s i g n i f i c a n c e  i s  t h e  p r e s e n c e  o f  L i t h p s t r o t i o n e l l a  a t  t h i s  

s t r a t i g r a p h i e  l e v e l .  Th is  i s  u se d  as a b a s i s  f o r  c o r r e l a t i o n  

(Haugh 1968) and u n d o u b ted ly  i s  an im p o r t a n t  e c o l o g i c a l  in d ex  

as w e l l .  O th e r  s i g n i f i c a n t  f o s s i l  o c c u r r e n c e s  a t  t h i s  s t r a 

t i g r a p h i e  l e v e l  i n c l u d e  C h a e t e t e s , ( t h i s  t a b u l a t e  c o r a l  was 

c o l l e c t e d  a t  s e v e r a l  o f  th e  m easured  s e c t i o n s  as w e l l  as 

L i t h o s t r o t i o n e l l a ) , p l u s  c o u n t l e s s  s p e c i e s  o f  b r a c h i o p o d s .
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b r y o z o a n s ,  g o n i a t i t e  c e p b a lo p o d s , g a s t r o p o d s ,  and o t h e r s .  

However, t h e s e  f o s s i l s  a r e  n o t  everywhere as abundant  in  

t h i s  Member as th e y  a re  a t  McCully Ranch [M.S. 3) o r  Green- 

l e a f  Lake [M.S. 12) .

The t h i c k e s t  development  o f  t h e  lower "main" a l g a l  p a r t  

o f  t h e  Member i s  i n  the  so u th w e s t e rn  and w es t  c e n t r a l  p o r t i o n  

o f  t h e  a r e a .  See P l a t e  17. In  t h e  w es te rnm o s t  s e c t i o n s  t h i s  

u n i t  av e rag e s  20 to  25 f e e t  t h i c k .  In  th e  G r e e n l e a f  Lake 

a r e a  th e  t h i c k n e s s  i s  20 to  30 f e e t ,  and i n  t h e  a r e a  w es t  of  

th e  T e n k i l l e r  F e r r y  Dam and n o r t h  o f  Gore th e  u n i t  ran g es  

from 25 to  36 f e e t  t h i c k .  T h is  t h i c k e n i n g  i s  h e re  i n t e r 

p r e t e d  as bank development on the  s h e l f .  L oca l  t h i n  u n i t s  

be tween t h i c k e r  u n i t s ,  i . e .  t h e  16 f e e t  t h i c k n e s s  a t  M.S. 2 

compared to  28 f e e t  a t  M.S. 1 and 24 f e e t  a t  M.S. 3, and the  

9 f e e t  t h i c k  u n i t  a t  M.S. 6 compared to  th e  17 f o o t  t h i c k  

sequence  a t  n e a rb y  M.S. 7 may be l o c a l  c h a n n e l s ,  t r o u g h s ,  or  

s lu i c e w a y s  " c u t  th rough"  o r  " k e p t  c l e a r "  by t i d a l  c u r r e n t s ,  

wave a c t i o n ,  and o t h e r  n e a r - s h o r e  c u r r e n t s .  The t h i n n e s s ,  

however,  may be as much a case  o f  n o n d e p o s i t i o n  i n  t h e s e  

t i d a l  i n l e t s  as a n y th in g  e l s e  and t h i s  e x p l a n a t i o n  i s  p r e -  . 

f e r r e d  h e r e .  S u rround ing  a r e a s  were p o s s i b l y  r e c e i v i n g  s e d i 

ment w h i le  t h e s e  a r e a s  were n o t ,  p o s s i b l y  b e cau se  o f  waves, 

c u r r e n t s ,  t i d e s ,  o r  some com bina t ion  o f  t h e s e .  These w i l l  

be d i s c u s s e d  l a t e r  a l s o  i n  t h e  s e c t i o n  on P a leo e co lo g y  and 

Environment  o f  D e p o s i t i o n .

F a r t h e r  t o  t h e  n o r t h ,  n o r t h e a s t ,  and e a s t  th e  "main"
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a lg a e  u n i t  t h i n s  g e n e r a l l y  t o  5 to  10 f e e t .  Rowland g iv e s  

a t h i c k n e s s  o f  19 f e e t  t o  t h e  L i t h o s t r o t i o n e l l a - b e a r i n g  mud

s t o n e  a t  h i s  M.S. 62 (Burn t  Cabin Creek) b u t  h i s  t h i n - s e c t i o n  

d e s c r i p t i o n  o f  one sample t ak e n  from th e  u n i t  i n d i c a t e s  t h a t  

"most o f  t h e  s k e l e t a l  g r a i n s  a r e  b r y o z o a n s ,  a long  w i th  a few

p e lm a to z o a n s , some a l g a e ,  ................. " (p. 250) ,  Bowlby (1968,

p .  130) d e s c r i b e s  th e  19 f o o t  t h i c k  sequence  o f  beds as 

" s p a r s e l y "  a l g a l .  The N or th  Q u a l l s  (M.S. 63) S e c t i o n  o f  

Rowland a l s o  l i s t s  18 f e e t  o f  L i t h o s t r o t i o n e l l a - b e a r i n g  mud

s to n e  t h a t  i s  f u r t h e r  d e s c r i b e d  as a s k e l e t a l ,  a l g a l  mud

s t o n e ;  y e t  h i s  t h i n  s e c t i o n  d e s c r i p t i o n  o f  a sample  from th e  

u n i t  l i s t s  b u t  0.4% a l g a e .  In  t h e  p r e s e n t  s t u d y ,  two expo

s u r e s  i n  t h e  n o r t h  c e n t r a l  a re a  seem to  have s i g n i f i c a n t  

t h i c k n e s s e s  o f  a l g a l  l im e s t o n e .  At Q u a l l s ,  M.S. 21, the  

"main" a l g a l  u n i t  i s  16 f e e t  t h i c k  and a t  Ryder Mounta in ,

M.S. 23, i t  i s  20 f e e t  t h i c k .  However i n  b o t h  c a se s  a l g a l  

l i m e s t o n e s ,  r i c h  i n  A r c h a e o l i t h o p h y 1lum and C u n e ip hy cu s , con

s t i t u t e  o n ly  a s m a l l  p o r t i o n  (perhaps  o n e - q u a r t e r  to  one- 

t h i r d )  o f  th e  t o t a l  t h i c k n e s s  o f  t h e  u n i t ,  and th e y  a re  i n t e r 

bedded and i n t e r t o n g u i n g  w i t h  i n t r a c l a s t - b e a r i n g  l i m e s t o n e s ,  

b i o c l a s t i c  l im e s to n e s  and o o l i t i c  and c o a t e d - g r a i n  l im e s t o n e s .

A lg a l  mounds a re  l o c a l l y  d ev e loped  i n  th e  a r e a  and a r e ,  

w i t h  b u t  one e x c e p t i o n ,  c o n f in e d  to  t h e  lower  p a r t  o f  the  

A lg a l  Limestone  and Sha le  Member ( a t  M.S. 11, Webbers Cove, 

a sm a l l  mound i s  p r e s e n t  i n  u n i t  8 i n  th e  m idd le  o f  the  Mixed 

Carbonate  and S h a le  Member). The c o re s  o f  t h e s e  b u i l d u p s .
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mounds, o r  p a t c h - r e e f s  as they  have been  v a r i o u s l y  c a l l e d  

u s u a l l y  c o n s i s t s  o f  a l g a l  b i o l i t h i t e  w i t h  e i t h e r  A rchaeo

l i t h o p h y l l u m  lam ellosum  and p e rh ap s  some A. m i s s o u r i e n s i s , 

o r  Cuneiphycus t e x a n a . Commonly a s s o c i a t e d  w i t h  t h e s e  and 

i n  g r e a t  abundance a re  sm a l l  c y l i n d r i c a l  d a s y c la d a c e a n  a lg a e .  

See f i g .  2. A l g a l  mounds have been  ob se rv ed  a t  t h i s  s t r a t i 

g r a p h i e  l e v e l  a t  G r e e n le a f  Lake (M.S. 1 2 ) ,  Big G r e e n l e a f  

Creek  (M.S. 13) and a t  S t r a y h o r n  West (M.S. 16 ) .  Some a t  

M.S. 12 t e n d  to  be sm a l l  ( see  P l a t e  3, f i g .  A and B ) , a v e r 

ag ing  18 in c h e s  t o  30 in c h e s  i n  d i a m e te r  and r i s i n g  t o  a 

h e i g h t  ( t h i c k n e s s )  o f  15 to  20 in c h e s  w h i l e  o t h e r s  exposed  

i n  th e  s t r e a m  bed  j u s t  be low t h e  s p i l l w a y  a re  two to  t h r e e  

t im e s  l a r g e r .  The mounds a t  M.S. 13 a re  f a i r l y  l a r g e ,  up to  

8 t o  10 f e e t  i n  d i a m e t e r  and up to  7 .5  f e e t  t h i c k ,  though 

s e v e r a l  sm a l l  mounds a r e  p r e s e n t  h e r e ,  to o  ( se e  P l a t e  3, 

f i g .  C, D, and E; t e x t - f i g u r e  2 ) .  The o v e r l y i n g  beds common

l y  d rape  o v e r  t h e s e  mounds and t h i c k e n  be tween them. Occa

s i o n a l l y  minor amounts o f  c l a y  i s  t r a p p e d  in be tw een  a d j a c e n t  

mounds. At M.S. 16 th e  mounds a re  n o t  as s p e c t a c u l a r  because  

t h e  o v e r l y i n g  beds a re  gone and even th e  mounds become ob 

s c u r e d  by v e g e t a t i o n  and lo o s e  ro ck  r u b b l e ,  b u t  s e v e r a l  

mounds were o b se rv e d  3 to  5 f e e t  i n  d i a m e te r  and 1 .5  to  4 

f e e t  t h i c k .

The u p pe r  p o r t i o n  o f  th e  member c o n s i s t s  o f  o n c o l i t h -  

b e a r i n g  l im e s t o n e s  a n d / o r  s h a l e s ,  and th e  top  o f  t h e  u n i t  i s  

t a k e n  as t h e  top  o f  th e  h i g h e s t  o n c o l i t h - c o n t a i n i n g  bed .
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dasycladacean algae conmonly 
found along marginal posit ions 
of mounds

core usually A. lamellosura 
A. missouriensis, or 
Cuneiphycus

flank calcarenite

algal
mounds

thin  shales 
commonly "trapped" here

Micritic limestones often coated or
encrusted with algal  b io l i th i t e

Schematic Diagram of Algal I4ounds 

Modified from Rowland (1970, p. 76) 

Figure 2
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PLATE 3

A lg a l  Mounds

A. Small  a l g a l  mounds a t  M.S. 12,  c o n t a i n i n g  C u n e ip h y c u s , 
and A. l am e l lo su m .

B. S l i g h t l y  l a r g e r  a l g a l  mound a t  M.S. 12. T h ic k  c r i n o i d a l  
l im e s t o n e s  a p p ea r  t o  " d r a p e "  ov e r  th e  ru b b ly  a l g a l  
s t r u c t u r e .

C. L a r g e r  a l g a l  mound a t  M.S. 13 (Big G r e e n l e a f  Creek) 
m e a su r in g  4 .5  f e e t  h i g h  ( t h i c k )  and 7 f e e t  i n  d i a m e te r .  
S t u d e n t ’ s hand i s  r e s t i n g  on mound.

D. and E. A lg a l  mounds a t  M.S. 13. E i s  a c lo s e u p  view o f
D. Note c a l c a r e n i t e s  " d r a p i n g "  o ve r  mounds w i t h  t h i n  
s h a l e s  t r a p p e d  between th e  mounds u n d e r  th e  " d r a p i n g "  
c a l c a r e n i t e s .  R e fe r  a l s o  t o  t e x t - f i g u r e  2.



-aw,
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PLATE 4

A lg a l  L imestones  and D e s s i c a t i o n  Cracks

A. View o f  l e n s i n g  n a t u r e  o f  u n i t  12 AL, M.S. 3. The 
t h i c k n e s s  v a r i e s  from 3 .5  f e e t  a t  l e f t  o f  pho to  t o  zero  
n e a r  head  o f  hammer i n  c e n t e r  o f  p h o to .  Thin  l im e s to n e  
below l e n s  i s  a bed c o n t a i n i n g  numerous c r u s t s  o f  A. 
lam e l lo su m . Lens i t s e l f  i s  c o a r s e ,  v e ry  f o s s i l i f e r o u s  
c r i n o i d a l  l im e s to n e  ( c r i n o i d a l  b i o s p a r u d i t e ) .

B. C lo s e r  v iew o f  A showing c o a r s e  n a t u r e  o f  l e n s in g  
c r i n o i d a l  bed i n  c o n t a c t  w i t h  a l g a l  b i o l i t h i t e s  (w i th  
A. lam e l lo su m ) a t  head  o f  hammer.

C. T y p ic a l  r u b b ly  n a t u r e  o f  t h e  a l g a l  l im e s to n e s  in  u n i t  
12 A, M.S. 3. These r u b b l y ,  n o d u l a r ,  d i s c o n t i n u o u s  
beds  a r e  i n v a r i a b l y  composed o f  A. m i s s o u r i e n s i s .

D. Well d e f i n e d  mudcracks from u n i t  12 C, M.S. 3. Dime 
i n d i c a t e s  s c a l e .

E. D e s s i c a t i o n  c ra c k s  i n  t h i n  s e c t i o n ,  T .S .  A-170,  M.S. 
24,  u n i t  12, x 20.

F. D e s s i c a t i o n  c ra c k s  i n  l a r g e  i n t r a c l a s t  b e a r i n g  t h i n  
c o a t i n g  o f  O s a g i a . T .S .  685,  M.S. 3, u n i t  17, x  10.
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T h e r e f o r e  t h e  A lg a l  L im es tone  and S h a le  Member o f  t h i s  

s t u d y  i s  e q u i v a l e n t  t o  t h e  Main A l g a l  Member and Brown 

Crumbly L im es tone  Member o f  Haugh (1 9 6 8 ) ,  t h e  A lg a l  Mudstone 

I n t e r v a l  and Brown Crumbly L im es tone  I n t e r v a l  o f  Bowlby 

(1968) , t h e  Middle  and Upper L im es tones  of  Sequence B o f  

Rowland (19 7 0 ) ,  and th e  M iddle  C a l c i l u t i t e  Member and Brown- 

Crumbly L im es tone  Member o f  Henry (1970) .  See T ab le  2. The 

p r e s e n c e  o f  abundan t  O sag ia  and O t t o n o s i a  i n  th e  u p p e r  p a r t  

o f  t h e  K e s s l e r  L im es tone  (Bloyd Form a t io n )  i n  A rkansas  as 

n o t e d  by  H enbes t  (1962) s t r o n g l y  s u g g e s t s  t h a t  t h e  K e s s l e r  

may c o r r e l a t e ,  i n  p a r t ,  w i t h  t h e  A l g a l  L im es tone  and S ha le  

Member.

B lack  S h a le  and C a rb o n a te  Member 

As th e  name s u g g e s t s ,  t h e  dominant  l i t h o l o g y  o f  the  

upperm os t  member o f  t h e  Morrow i s  b l a c k  s h a l e .  Because o f  

i t s  w e a t h e r i n g  c h a r a c t e r i s t i c s ,  good e x p o su re s  o f  t h i s  mem

b e r  a r e  v i r t u a l l y  n o n e x i s t e n t .  P a r t i a l  s e c t i o n s ,  p a r t l y -  

c o v e re d  i n t e r v a l s ,  and c o re d  i n t e r v a l s  h e lp  t o  e s t a b l i s h  

t h e  n a t u r e  o f  t h e  member, however .  When t o t a l l y  d ev e lo p ed  

th e  member c o n s i s t s  o f  a lower  s h a l e ,  a dense  l i m e s t o n e ,  

and an u pp e r  s h a l e .

The t h i n n e s t  s e c t i o n s  o f  t h i s  member a r e  to  be found 

a long  t h e  n o r t h w e s t  and n o r t h  c e n t r a l  p a r t  o f  th e  a r e a  and 

p r o b a b l y  r e f l e c t  p r e - A to k a  t r u n c a t i o n .  At F t .  Gibson Dam 

(M.S. 24) t h e  Member i s  b u t  6 .5  f e e t  t h i c k  w i t h  o n ly  the  

lower  s h a l e  b e in g  p r e s e n t .  At Ryder Mt. (M.S. 23) i t  i s  18
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f e e t  t h i c k ,  w i t h  a s i g n i f i c a n t  s i l t y  c h a r a c t e r  r e f l e c t i n g  a 

so u r c e  o f  t e r r i g e n o u s  m a t e r i a l  to  th e  n o r t h ,  w h i l e  a t  Q u a l l s  

(M.S. 21) t h e  t h i c k n e s s  i s  on ly  12 -1 /2  f e e t .  At b o t h  Ryder 

Mt. and Q u a l l s  t h e  lower  s h a l e  i s  t h e  o n ly  p a r t  rem ain ing  

a f t e r  p r e - A to k a  e r o s i o n .  To th e  e a s t  and s o u t h  t h e  member 

becomes p r o g r e s s i v e l y  t h i c k e r ,  a v e r a g in g  abou t  30 f e e t  t h i c k  

i n  t h e  s o u t h w e s t e r n  a r e a ,  and 20 t o  30 f e e t  t h i c k  to  th e  e a s t  

a t  t h e  Cookson (M.S. 26) and P a r k h i l l  Mt. (M.S. 25) s e c t i o n s .  

At P a r k h i l l  a l s o ,  i n c r e a s e d  s i l t  s u g g e s t  p r o x i m i t y  to  a t e r r i 

genous s o u r c e  a r e a .  Some l im e s t o n e s  o c cu r  w i t h i n  t h i s  u n i t  

b u t  as a r u l e  th ey  a re  t h i n  and d i s c o n t i n u o u s .  The main ex

c e p t i o n  a re  t h e  l im e s t o n e s  c a l l e d  by Henry (1970) th e  Upper 

C a l c i l u t i t e - C a l c a r e n i t e  Member and he c o n s i d e r s  them to  be 

a t  a p p ro x im a te ly  t h e  same s t r a t i g r a p h i e  l e v e l  as t h e  K e s s l e r  

L im estone  o f  A rk ansas .  I n  th e  s t u d i e d  a r e a  t h i s  l im e s t o n e  

i n t e r v a l  i s  found  a t  M.S. 2 (5 f e e t  t h i c k ) ,  M.S. 3 (6 f e e t  

t h i c k ) ,  Core D (5 f e e t  t h i c k ) ,  M.S. 6 ( 6 .8  f e e t  t h i c k ) ,  M.S.

7 (9 .2  f e e t  t h i c k )  and M.S. 26 (2 .3  f e e t  t h i c k ) .  The upper  

s h a l e  i s  i n t e r p r e t e d  by th e  a u th o r  as b e in g  p r e s e n t  o n ly  i n  

M.S. 6 and i n  some o f  th e  c o re s  s t u d i e d  from t h e  Webbers 

F a l l s  Dam and Lock P r o j e c t .  In  a l l  o t h e r  s e c t i o n s  i t  has 

been  s t r i p p e d  away by p re -A to k a  e r o s i o n  o r  was n o t  d e v e lop ed  

i n i t i a l l y ,  p e r h a p s ,  i n  some c a s e s .

The B lack  S h a le  and C arbonate  Member o f  t h i s  s t u d y  th e n  

i s  a p p a r e n t l y  e q u i v a l e n t  to  th e  Upper S h a le -L im e s to n e  I n t e r 

v a l  o f  Bowlby (1 9 6 8 ) ,  and e x c e p t  f o r  c e r t a i n  d i f f e r e n c e s  o f
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o p i n io n  o f  c o r r e l a t i o n  i s  more o r  l e s s  equa l  to  the  Upper 

Sha le  "A” Member, Upper Mudstone Member, and th e  Upper Sha le  

” B" Member o f  Haugh (1968) and th e  Upper Sha le  "A" Member, 

th e  Upper C a l c i l u t i t e - C a l c a r e n i t e  Member, and the  Upper S h a le  

" B " , r e s p e c t i v e l y  o f  Henry (1 97 0 ) ,  and c o r re sp o n d s  to  Se

quence C o f  Rowland (1970) .  See T ab le  2.

Morrow-Atoka C o n tac t  

The c o n t a c t  be tween th e  Morrow Form ation  and th e  Atoka 

Fo rm a t io n  i s  everywhere  i n  t h e  a r e a  o f  s tu d y  an unconform able  

r e l a t i o n s h i p .  In  some c a s e s  a b a s a l  cong lom era te  i s  l o c a l l y  

d e v e lo p e d ,  e . g .  M.S. 3,  M.S. 7,  M.S. 8, M.S. 18, M.S. 21 and 

M.S. 24. In  a t  l e a s t  two c a s e s ,  M.S. 3 and M.S. 7, t h e  con

t a c t  i s  l o c a l l y  welded  w i t h  Atoka sand  above and Morrow l im e 

s to n e  below. In  most c a se s  i t  a p p ea rs  t h a t  t h e  b a s a l  Atoka 

c o n s i s t s  o f  s a n d s t o n e s .  In  t h e  s t u d i e d  a r e a  on ly  one s u r e  

i n s t a n c e ,  i . e .  M.S. 24 ( F t .  Gibson Dam) does th e  b a s a l  Atoka 

c o n s i s t  o f  s h a l e .  T h ere ,  a 0 t o  6 i n c h  q u a r t z - p e b b l e  con

g lo m e ra te  i s  o v e r l a i n  by a few in c h e s  (up to  12) o f  b l a c k  

f i s s i l e  s h a l e .  This  i n  t u r n  i s  o v e r l a i n  by m ass ive  s a n d 

s t o n e s .  S in ce  th e  lower Atoka does c o n t a i n  some s h a l e s  i t  

i s  p o s s i b l e  as Rowland (1970, p .  91) s u g g e s t s  t h a t  "where 

abundan t  t h i c k  s h a l e s  o ccu r  above th e  h i g h e s t  Morrow l im e 

s t o n e s  as i n  ( h i s )  s e c t i o n s  60 and 61, th e  c o n t a c t  may be 

i n  s h a l e " .



CARBONATE PETROLOGY

The c a r b o n a t e s  o f  t h e  Morrow Form ation  i n  th e  a r e a  o f  

i n v e s t i g a t i o n  were  s t u d i e d  i n  c o n s i d e r a b l e  d e t a i l  i n  an 

a t t e m p t  t o  b e t t e r  r e l a t e  th e  s t r a t i g r a p h y  and th e  a lg a e  to  

th e  p h y s i c a l  and b i o l o g i c a l  a s p e c t s  o f  t h e  env ironm en t  o f  

d e p o s i t i o n .

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

b o n a te s  were s t u d i e d  i n  t h i n - s e c t i o n ,  p o l i s h e d  s l a b s ,  and 

e t c h e d  s l a b s  u s i n g  a b i n o c u l a r  m ic roscop e .  The f i r s t  o b j e c 

t i v e  was d e s c r i p t i v e ,  s t r e s s i n g  p a r t i c u l a r l y  th e  t e x t u r a l  

r e l a t i o n s ,  t h e  ty p e s  and r e l a t i v e  amounts o f  c l a s t s  and 

f o s s i l  d e b r i s ,  t h e  ty pes  o f  a lg a e  p r e s e n t  i f  any ,  t h e  type  

o f  m a t r i x ,  and t h e  amount and ty p e  o f  r e c r y s t a l l i z a t i o n  p r e 

s e n t ,  i f  any. I n  each  c a se  the  u l t i m a t e  o b j e c t i v e  was en

v i r o n m e n ta l .

C l a s s i f i c a t i o n

The c l a s s i f i c a t i o n  o f  c a r b o n a t e s  u sed  i n  t h i s  s tu d y  i s  

t h e  d e s c r i p t i v e  scheme o f  F o lk  C1959, 1962). The a u th o r  r e 

c o g n iz es  t h a t  t h i s  c l a s s i f i c a t i o n  i s  n o t  i n t e n d e d  to  be a 

g e n e t i c  app roach ;  t h e r e f o r e  a l l  s t a t e m e n t s  c o n c e rn in g  en

v i ro nm en t  were c o n s i d e r e d  on a s a m p le - to - sa ra p le  b a s i s .  For

33
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exam ple ,  a l l  rock s  w i t h  a  m a t r i x  o f  m i c r o c r y s t a l l i n e  c a l c i t e  

were  n o t  n e c e s s a r i l y  formed i n  q u i e t - w a t e r  e n v i ro n m en ts .

Some m i c r i t i c  r o c k s ,  i n  f a c t ,  a re  th e  r e s u l t  o f  th e  t r a p p i n g  

o f  m i c r o c r y s t a l l i n e  c a l c i t e  by a l g a l  m a t t e s  i n  m o d e r a te ly  

e n e r g e t i c  en v i ro n m en ts .  C e r t a i n  r e d  a l g a e ,  e s p e c i a l l y  

A r c h a e o l i t h o p h y l lu m  lam el losum  and C une ip hy cu s , c l e a r l y  

d e m o n s t r a t e  th e  a b i l i t y  t o  t r a p  s e d im e n t ,  i n c l u d i n g  m ic r o 

c r y s t a l l i n e  c a l c i t e .  The same i s  t r u e  o f  c e r t a i n  b ry o z o a n s .  

L ik ew ise  a l l  ro cks  w i t h  a m a t r i x  o f  s p a r r y  c a l c i t e  do n o t  

n e c e s s a r i l y  imply  a h i g h  ene rg y  env iron m en t .  Some i n  f a c t  

a r e  t h e  r e s u l t  o f  r e c r y s t a l l i z a t i o n  o f  a ro c k  t h a t  o r i g i n a l l y  

had  a m a t r i x  o f  m i c r o c r y s t a l l i n e  c a l c i t e  and which  m ight  have 

formed u n d e r  r e l a t i v e l y  q u i e t  c o n d i t i o n s .

The c l a s s i f i c a t i o n  u se d  (which i s  found  i n  T ab le  3) 

p ro v e d  t o  be  s a t i s f a c t o r y  f o r  a l l  p u rp o se s  w i t h  one minor  

e x c e p t i o n .  The e x c e p t i o n  o c c u r r e d  i n  l im e s to n e s  w i t h  a ma

t r i x  r a n g in g  i n  s i z e  from f o u r  t o  abou t  t h i r t y  m ic ro n s .  In  

t h e  p o l i s h e d  o r  e t c h e d  sam ples  i t  p ro v ed  e x t r e m e ly  d i f f i c u l t  

t o  e x a c t l y  d e te rm in e  th e  n a t u r e  o f  t h e  m a t r i x  i n  some c a s e s ,  

i . e .  i t  ap p ea re d  t o  be m i c r o c r y s t a l l i n e  c a l c i t e  b u t  was a c 

t u a l l y  m ic r o s p a r .  However i n  t e n  samples  o f  t h i s  type  f o r  

which  t h i n  s e c t i o n s  were a v a i l a b l e  a l s o ,  t h e  m a t r i x  p ro v ed  

to  be  m ic r o s p a r  r e c r y s t a l l i z e d  from m i c r i t e  i n  n i n e  o f  th e  

t e n  c a s e s ,  so  t h a t  t h e  e n v i r o n m e n ta l  i m p l i c a t i o n s  were s t i l l  

v a l i d .  T h e r e f o r e  i n  on ly  one case  i n  t e n  d id  th e  i n t e r p r e t a 

t i o n  as e v a l u a t e d  from p o l i s h e d  o r  e t c h e d  s l a b s  p rov e  to  be
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i n c o r r e c t .  [ In  t h a t  one c a s e  the  m a t r i x  seemed to  be p r i 

mary m ic r o s p a r  w i t h  no e v id e n c e  o f  r e c r y s t a l l i z a t i o n . )  I t  

s h o u ld  f u r t h e r  be  p o i n t e d  o u t  t h a t  t h e  t o t a l  number o f  sam

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

m a t r i x  p rob lem  was l e s s  t h a n  t h i r t y  such  t h a t  t h e  p r o b a b l e  

number o f  i n c o r r e c t  e v a l u a t i o n s  f o r  t h i s  e n t i r e  s t u d y  due t o  

t h i s  p rob lem  i s  i n  t h e  r a n g e  o f  t h r e e  to  f i v e  i n  o v e r  f i v e  

h u n d red  s a m p le s .

Framework C o n s t i t u e n t s  

S e v e r a l  e le m e n t s  o c c u r  i n  t h e  f ramework o f  Morrow c a r 

b o n a te s  b u t  f o s s i l  d e b r i s  i s  by f a r  t h e  most  a b u nd an t .  I n t r a 

c l a s t s  and o o l i t e s  o c cu r  b u t  a r e  r e l a t i v e l y  uncommon. P e l l e t s  

a r e  r a r e  i n  t h e  Morrow w i t h i n  th e  s t u d i e d  a r e a  b u t  a r e  more 

common i n  t h e  u p p e r  beds o f  t h e  s u b j a c e n t  P i t k i n  L im es tone .

S k e l e t a l  D e b r is  

C o n s id e r in g  th e  f o s s i l  m a t e r i a l  o f  t h e  Morrow as a 

w h o le ,  t h e  m ost  p r e v a l e n t  s k e l e t a l  ty p e  i s  ech inoderm  p l a t e s  

o f  s e v e r a l  t y p e s  w i t h  p e l raa tozoan  d e b r i s  d o m in a t in g  ove r  

e l e u t h e r o z o a n  d e b r i s .  Bryozoans r a n k  second  and a r e  r e p r e 

s e n t e d  by many t y p e s .  A lg a l  d e b r i s  r an ks  t h i r d  f o r  t h e  Mor

row as a whole .  C o r a l s ,  b r a c h i o p o d s ,  m o l lu sc s  and f o r a m i n i -  

f e r s  a r e  a l l  p r e s e n t  i n  l e s s e r  amounts. Sponges ,  t r i l o b i t e s ,  

and v e r t e b r a t e  rem ains  do o c c u r  b u t  a r e  r a r e .  In  any p a r t i 

c u l a r  bed ,  how ever ,  t h e s e  r e l a t i o n s  may be s i g n i f i c a n t l y  

d i f f e r e n t  and even c o m p le te ly  r e v e r s e d .
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C o n s id e r in g  t h e  s t r a t i g r a p h i e  o c c u r re n c e  o f  s k e l e t a l  

t y p e s ,  echinoderm d e b r i s  dom inates  the  lower  Sandy Member o f  

t h e  Morrow, and b ry o zo an s  r a n k  second .  Algae a re  s i g n i f i 

c a n t l y  l e s s  i m p o r t a n t  and would ran k  w e l l  b e h in d  b r a c h i o p o d ,  

c o r a l ,  and m o l lu sc a n  d e b r i s .

In  t h e  Mixed C a rb o n a te  and Sha le  Member, echinoderm 

d e b r i s  d o m in a te s ,  f o l lo w e d  by b ry o z o a n s ,  a l g a e ,  c o r a l ,  mol

l u s c ,  and b r a c h i o p o d s .

The r e l a t i v e  o r d e r  i s  s i g n i f i c a n t l y  changed i n  t h e  A lg a l  

L imestone and Sha le  Member. Algae o f  s e v e r a l  t y p e s  dominate  

t h e  s k e l e t a l  d e b r i s  i n  t h i s  p o r t i o n  o f  th e  Morrow. Bryozoans 

r a n k  secon d ,  b u t  a l s o  r e l a t i v e l y  abundant  a r e  echinoderm 

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

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

The B lack  Sha le  and Carbona te  Member i s  s i m i l a r  to  th e  

A lg a l  L im estone  Member i n  t h a t  echinoderm d e b r i s  i s  low, 

r a n k in g  second  to  b ry o zo an s  which a r e  most i m p o r t a n t ,  and 

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

The r e s u l t s  o b t a i n e d  by Rowland (19 70) by p o i n t - c o u n t i n g  

methods o f  s e l e c t  t h i n - s e c t i o n s  g e n e r a l l y  a g ree  w i t h  t h e  

o b s e r v a t i o n s  o f  th e  a u t h o r .

I n t r a c l a s t s

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

i m p o r t a n t  from an e n v i r o n m e n ta l  p o i n t  o f  v iew a re  i n t r a 

c l a s t s .  In  most  c a se s  t h e s e  ap p ea r  to  be sh a l lo w  w a t e r  c a l 

c i t e  mud f rag m e n ts  e i t h e r  t o r n  up from a s h a l lo w  bo t tom
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d u r in g  s to rm  o r  s i m i l a r  h i g h  energy  c o n d i t i o n s ,  o r  were a c 

t u a l l y  formed th ro u g h  e^cposure o f  t i d a l  m u d f l a t s , w i t h  d e s 

s i c a t i o n  and su b s e q u e n t  r ew ork ing .  Evidence  f o r  t h i s  i s  a 

f a i r l y  common o c c u r r e n c e  o f  s h r i n k a g e  c ra c k s  among t h e s e  

i n t r a c l a s t s  ( see  P l a t e  4 ,  F i g s .  D, E, and F) p l u s  t h e  p r e 

sen ce  o f  mudcracks i n  m i c r i t i c  l im e s to n e s  a t  th e  same s t r a t i 

g r a p h i e  l e v e l .  I n t r a c l a s t s  a r e  f a i r l y  s i g n i f i c a n t  i n  t h e  

A lg a l  L imestone  and Sha le  Member o f  t h e  Morrow i n  th e  n o r t h  

and c e n t r a l  p a r t  o f  th e  s t u d i e d  a r e a ,  and a re  e s p e c i a l l y  im

p o r t a n t  i n  m easured  s e c t i o n s  21 and 23 where th e y  a re  i n t e r 

bedded and i n t e r - t o n g u l n g  w i t h  s u p e r f i c i a l  o o l i t e s ,  s k e l e t a l  

m i c r i t e s ,  and a l g a l  m i c r i t e s  and b i o l i t h i t e s .

O o l i t e s  and Coated  G ra ins  

True o o l i t e s  a re  r e l a t i v e l y  r a r e  i n  o c c u r r e n c e  w i t h i n  

t h e  Morrow as m ajor  c o n s t i t u e n t s  o f  t h e  r o c k s .  They do occu r  

i n  t h e  Sandy Member and i n  t h e  Mixed C arbona te  and Sha le  

Member b u t  r a r e l y  exceed  10 p e r c e n t  o f  th e  ro c k .  In  th e  

u pp e r  members t r u e  o o l i t e s  a re  a lm o s t  e n t i r e l y  l a c k i n g .  The 

o n ly  n o tew o r th y  o c c u r re n c e  o f  t r u e  o o l i t e s  o c c u r s  i n  Measured 

S e c t i o n  21. Here a wedge o f  l im e s to n e  v a r y in g  i n  t h i c k n e s s  

from one to  o v e r  t h r e e  f e e t  i s  composed o f  t r u e  o o l i t e s  a l 

most to  t h e  e x c l u s i o n  o f  any o t h e r  framework c o n s t i t u e n t .

T h is  o c c u r re n c e  i s  a t  t h e  v e ry  top  of  th e  Mixed C arbona te  

and Sha le  Member. These o o l i t e s  have e x c e l l e n t  c o n c e n t r i c  

and r a d i a l  s t r u c t u r e ,  a re  r e l a t i v e l y  u n i fo rm  i n  s i z e ,  and 

ap p ea r  t o  be i n o r g a n i c  i n  o r i g i n .
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S u p e r f i c i a l  o o l i t e s  o r  c o a t e d - g r a i n s  ( t h i c k n e s s  o f  

c o a t i n g  l e s s  t h a n  d ia m e te r  o f  n u c l e u s )  a re  commonplace i n  

th e  low er  two members, somewhat l e s s  common i n  t h e  A lg a l  

Member and a lm o s t  c o m p le te ly  l a c k in g  i n  t h e  B lack  Sha le  Mem

b e r .  I n  most  o f  t h e  c a se s  s t u d i e d  i n  th e  lower  two members, 

t h e  c o a t i n g s  a p p ea re d  to  be i n o r g a n i c  w i t h  good c o n c e n t r i c  

and o c c a s i o n a l l y  good r a d i a l  s t r u c t u r e  p r e s e n t .  Common a l s o  

i n  t h e  Mixed Carbona te  and Sha le  Member and t h e  A lg a l  Lime

s t o n e  and S ha le  Member a r e  a l g a l - c o a t e d  c l a s t s  w i t h  th e  

c o a t i n g s  c o n s i s t i n g  o f  G i r v a n e l l a - l i k e  f i l a m e n t s ,  O s a g i a , o r  

Cuneiphycus b ra n c h e s  supe r im posed  on one a n o t h e r  to  p ro d uce  

a l a y e r e d - e f f e c t .  O f ten  t h e s e  a l g a l - c o a t i n g - t y p e s  o c c u r r e d  

i n  c o m b in a t io n .

C o a t in g s  o f  f i s t u l i p o r i d  b ry o zo an s  a re  p r e s e n t  b u t  r a r e  

as a c o a t i n g  ty pe  i n  th e m se lv e s .  More commonly th e y  would 

o c c u r  as a c o a t i n g  i n  c o m b ina t ion  w i t h  one o f  t h e  a l g a l -  

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

The n u c le u s  i n  t h e s e  c o a t e d - g r a i n  t y p e s  u s u a l l y  con

s i s t e d  o f  a f o s s i l  f ragm en t  o r  whole f o r a m i n i f e r  b u t  o c c a s i o n 

a l l y  a q u a r t z  g r a i n  s e r v e d  as t h e  n u c l e u s .

L a r g e r  c o a t e d - c l a s t s  a r e  abundan t  i n  some s t r a t i g r a p h i e  

l e v e l s ,  p a r t i c u l a r l y  in  t h e  A lg a l  L im estone  and S h a le  Member 

and th e  B lack  S h a le  Member. These c o a t i n g s  were found  to  be 

e n t i r e l y  o r g a n i c  and c o n s i s t i n g  of  O s a g i a , ( u s u a l l y  w i t h  t h e  

f o r a m i n i f e r  H e d r a i t e s ) , G i r v a n e l l a , C u ne iph y cu s , A r c h a e o l i t h o - 

p hy l lu m  l a m e l lo s u m , o r  f i s t u l i p o r i d  b ry o z o a n s .  These l a r g e r
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c o a t e d  c l a s t s  a r e  a l s o  r e f e r r e d  to  i n  t h i s  p a p e r  as o n c o l i t h s  

( s e e  P l a t e  1 3 ) .  The n u c le u s  o f  t h e s e  o n c o l i t h s  c o n s i s t  o f  

i n t r a c l a s t s  a n d / o r  l a r g e r  f o s s i l  f r a g m e n t s .  Sometimes t h e  

t h i c k n e s s  o f  t h e  c o a t i n g  i s  r e l a t i v e l y  t h i n  i n  com par ison  to  

t h e  n u c l e u s ,  b u t  t h i c k  c o a t i n g s  a re  e q u a l l y  a b u n d a n t ,  w i t h  

t h e  t h i c k n e s s  o f  t h e  a l g a l  c o a t i n g  o f t e n  b e in g  t h r e e  t o  f o u r  

t im e s  th e  t h i c k n e s s  o f  t h e  n u c l e u s .  C a u t io n  i s  a d v i s e d  i n  

t h i s  r e s p e c t  s i n c e  th e  o r i e n t a t i o n  o f  t h e  c u t s  t h r o u g h  su c h  

c l a s t s  i s  random and th e  t h i c k n e s s  o f  th e  c o a t i n g  may a p p e a r  

t o  be s i g n i f i c a n t l y  t h i c k e r  o r  t h i n n e r  th a n  i t  i s  i n  a c t u 

a l i t y .  A m o d e r a t e l y  h i g h  en e rg y  e n v i ro n m en t  i s  s u g g e s t e d  by 

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

P e t r o l o g y  o f  A lg a l  L im es tones

L im es tones  i n  which a lg a e  dom ina te  as t h e  c h i e f  s k e l e 

t a l  c o n s t i t u e n t  can be d i v i d e d  i n t o  t h r e e  b a s i c  t y p e s ;  (1) 

a l g a l  b i o l i t h i t e s ,  (2) a l g a l  b i o m i c r u d i t e - b i o l i t h i t e  t r a n s i 

t i o n s ,  and (3) a l g a l  b i o m i c r u d i t e s .

A lg a l  b i o l i t h i t e s  a re  m i c r i t i c  l i m e s t o n e s  i n  which t h e  

s e d im e n t  i s  b o u n d - in  by a l g a l  b l a d e s ,  l e a v e s ,  f i l a m e n t s ,  o r  

c r u s t s  (which l e a d  Dunham, 1962,  to  c a l l  su c h  ro ck s  ’’bound- 

s t o n e s ” ) .  O s a g ia  commonly b in d s  s e d im e n t  t h r o u g h  g i r v a n e l l i d -  

ty p e  t u b u l e s  o r  f i l a m e n t s ,  w h i l e  O t t o n o s i a  c o n s i s t s  o f  p l u 

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

f o r a m i n i f e r s  ( se e  P l a t e  1 2 ) .  C r u s t s  o f  A r c h a e o l i t h o p h y l lu m  

lam el lo sum  grow o ve r  and e n c r u s t  t h e  u n d e r l y i n g  s e d i m e n t ,  

b i n d i n g  i t  t o  t h e  s u b s t r a t e  ( se e  P l a t e s  8 and 9 ) .  B ranches
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o f  Cuneiphycus commonly s p r e a d  o v e r  t h e  s u b s t r a t e  i n  much 

th e  same way as A. l a m e l lo s u m , i t  seems, o r  th e y  may grow 

upwards i n t o  t h e  w a t e r  and a c t  as a b a f f l e ,  e n t r a p p i n g  th e  

se d im e n t  [ se e  P l a t e  10, F ig .  A). C e r t a i n l y  some sed im en t  i s  

a l s o  t r a p p e d  by a d h e r in g  t o  th e  s t i c k y ,  m u c i la g in o u s  s h e a t h  

w hich  s u r ro u n d s  many a l g a e ,  as i n  modern a l g a l  m a t t e s .

A lg a l  b i o m i c r u d i t e - b i o l i t h i t e  t r a n s i t i o n  i s  t h e  name 

h e r e  a p p l i e d  to  m i c r i t i c  l i m e s t o n e s  i n  which t h e  dominant  

s k e l e t a l  e le m e n t  i s  a lg a e  b u t  t h e  l i f e  p o s i t i o n  o f  t h e  p l a n t  

i s  u n c e r t a i n .  I t  may o r  may n o t  be i n  s i t u .  T y p i c a l l y  t h e  

a l g a e ,  u s u a l l y  A r c h a e o l i t h o p h y l lu m  m i s s o u r i e n s i s  (sometimes 

t h a l l i  o f  C une iphycus) a p p e a r s  w ho le ,  unbroken ,  u n a b ra d ed ,  

and may i n  f a c t  be i n  s i t u .  A p p a r e n t ly  t h e s e  p l a n t s  r e s t e d  

on t h e  b o t to m ,  sometimes a n ch o red  to  i t  by t i n y  r o o t l i k e  p r o 

j e c t i o n s  and a t  t im es  r e s t i n g  f r e e .  They a re  o f  p e c u l i a r  

sh a p e s  ( see  P l a t e  5) and were p resum ab ly  r a i s e d  up above th e  

s u r r o u n d i n g  s e d im e n t  j u s t  as a p o t a t o  c h ip  would be above 

th e  l e v e l  o f  a t a b l e  on which i t  r e s t e d .  The i r r e g u l a r i t i e s  

i n  i t s  shape and s t r u c t u r e  c o u ld  s e r v e  as l o c a t i o n s  f o r  e n 

t r a p m e n t  o f  s e d im e n t .  Hence th e  p l a n t s  cou ld  s e r v e  as e f f e c 

t i v e  s e d im e n t  b a f f l e s ,  e s p e c i a l l y  i f  th e  p l a n t s  were d e n s e ly  

p o p u l a t e d  i n  a g iv e n  a r e a ,  and d e s p i t e  the  f a c t  t h a t  th ey  

may n o t  be a t t a c h e d  t o  t h e  s u b s t r a t e .

The t h i r d  ty p e s  o f  a l g a l  l im e s to n e  common i n  t h e  a r e a  

i s  t h e  a l g a l  b i o m i c r u d i t e .  Commonly f ragm en ts  o f  A. m i s s o u r i 

e n s i s  o r  Cuneiphycus a re  found  i n  a m i c r i t i c  m a t r i x ,  and th ey
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a re  b rok en  and a b rad ed  t o  some d e g re e .  The f a c t  t h a t  they  

rem a in  i n  a m i c r i t i c  m a t r ix  and a re  n o t  t o t a l l y  b roken  up 

s u g g e s t s  t h a t  th e y  h a v e n ' t  been  t r a n s p o r t e d  v e ry  f a r .  In  

some case s  t h e  f r a g m e n ts  o f  a lg a e  seem on ly  to  be b ro k en ,  

w i t h  l i t t l e  o r  no s i g n s  o f  a b r a s i o n .  This  might  be t h e  r e 

s u l t  o f  th e  p a r t i a l  b r e a k i n g - u p  o r  d e t e r i o r a t i o n  o f  the  p l a n t  

upon d e a t h  o r  th e  b r e a k i n g  due t o  t h e  p i l i n g - o n  o f  sed im ent  

(as  p o t a t o  c h ip s  m igh t  b r e a k  i f  b u r i e d  i n  mud) and n o t  n e c e s 

s a r i l y  t o  t h e  u s u a l  a g e n ts  o f  a b r a s i o n  and e r o s i o n .  (See 

P l a t e  5, P l a t e  6, f i g .  A, and P l a t e  10, f i g .  E ) .

R e c r y s t a l l i z a t i o n

R e c r y s t a l l i z a t i o n  i n  c a r b o n a te  ro ck s  has long been r e c o g 

n i z e d  b u t  th e  mechanism by which  i t  o c c u r s  i s  n o t  w e l l  u n d e r 

s t o o d .  This  p rob lem  has been  t h e  s u b j e c t  o f  many p a p e r s  

( F o lk ,  1965; B a t h u r s t ,  1958; Orme and Brown, 1963) b u t  i s  b e 

yond t h e  scope  o f  t h i s  s t u d y .

Many o f  t h e  Morrow l im e s t o n e s  have been  p a r t i a l l y  to  

t o t a l l y  r e c r y s t a l l i z e d  and many d i a g e n e t i c  f a b r i c s  a r e  r e c o g 

n i z a b l e .  One r e l a t i v e l y  r a r e  t y p e ,  i n  t h e  judgment  o f  th e  

a u t h o r ,  o c cu rs  f a i r l y  commonly, however,  a s s o c i a t e d  w i th  th e  

a l g a l  beds o f  th e  A lg a l  Limestone and Sha le  Member i n  the  

w e s t e r n  p a r t  o f  th e  s tu d y  a r e a .  This  ty p e  f i n d s  r ep la ce m e n t  

f i b r o u s  c a l c i t e  r e p l a c i n g  t h e  m i c r i t i c  m a t r i x  be tw een  p l a t e s  

o r  b l a d e s  o f  A. m i s s o u r i e n s i s  and l e s s  f r e q u e n t l y  A. l a m e l l o 

sum o r  C un e ip h ycus . The f i b e r s  s o - d e v e lo p e d  v a ry  from r e l a 

t i v e l y  s h o r t  f i b e r s  o n ly  t e n s  o f  m ic ron s  long t o  s p e c t a c u l a r
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s u n - b u r s t s  o f  f i b e r s  w i t h  f i b e r  l e n g t h  b e t t e r  e x p r e s s e d  i n  

m i l l i m e t e r s  o r  c e n t i m e t e r s  (see  P l a t e  7, f i g .  A and E ) . In  

some s e c t i o n s  t h i s  ty pe  seems i t s e l f  t o  be r e c r y s t a l l i z e d  o r  

r e p l a c e d  by a c o a r s e  c a l c i t e  s p a r  m osaic .

U n f o r t u n a t e l y  much o f  t h e  c e l l u l a r  s t r u c t u r e  o f  t h e  a l 

g a l  t y p e s  u n d e r  c o n s i d e r a t i o n  has been  d e s t r o y e d  as a r e s u l t  

o f  r e c r y s t a l l i z a t i o n ,  though t r a c e s  o f  c e l l  s t r u c t u r e  i s  

found uncommonly. This  w r i t e r  b e l i e v e s  t h a t  r e c r y . s t a l l i z a -  

t i o n  may cause  s i g n i f i c a n t  enough changes ( s h o r t  o f  t o t a l l y  

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

t o  g iv e  i t  an ap pea rance  o f  a degree  o f  m agni tude  d i f f e r e n t  

to  cause  some w orke rs  to  i d e n t i f y  i t  as th e  wrong a l g a .  This  

i s  d i s c u s s e d  f u r t h e r  i n  t h e  Algae s e c t i o n .

O the r  D i a g e n e t i c  Changes 

B es ides  r e c r y s t a l l i z a t i o n ,  some o f  th e  Morrowan c a r 

b o n a te s  e x h i b i t  s l i g h t  to  s i g n i f i c a n t  amounts o f  d o l o m i t i z a -  

t i o n ,  s i l i c i f i c a t i o n ,  o r  r e p la ce m e n t  by h e m a t i t e ,  s i d e r i t e ,  

l i m o n i t e ,  and in  a few c ase s  p y r i t e .  D e t a i l e d  a n a l y s i s  of  

t h e s e  f e a t u r e s  i s  beyond the  scope o f  t h i s  p a p e r  and th e  

r e a d e r  i s  r e f e r r e d  to  Rowland (1970, p .  4 8 -4 9 ) .
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G enera l  S ta te m en t  

The c l a s s i f i c a t i o n  and d e s c r i p t i o n  o f  t h e  Morrowan a lg a e  

i n  n o r t h e a s t e r n  Oklahoma have n o t  p r e v i o u s l y  been  u n d e r t a k e n  

and a r e  among t h e  p r im a r y  o b j e c t i v e s  o f  t h i s  s tu d y .  A l l  

s p e c i e s  a re  d i s c u s s e d  i n  terms o f  t h e i r  m o r p h o lo g ic a l  c h a r a c 

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

o c c u r r e n c e  i n  t h e  Morrow s t r a t a ,  r e l a t i o n s h i p  t o  t h e  e n c l o s 

ing  s e d im e n t ,  and e co lo g y .

The c l a s s i f i c a t i o n  o f  a lg a e  used  i n  t h i s  s tu d y  f o l lo w s  

t h a t  o f  Johnson  (1961) and (1963) .  The taxonom ic  c a t e g o r y  

" S e c t i o n "  P o r o s t r o m a ta  i n c l u d e d  w i t h  th e  Phylum S c h iz o p h y ta  

as u se d  i n  t h i s  r e p o r t  was,  a c c o rd in g  t o  Joh n so n  (1963, p. 

26 ) :

i n t r o d u c e d  by P i a  t o  i n c l u d e  a l l  f o s s i l  a lg a e  
o f  unknoxm s y s t e m a t i c  p o s i t i o n  which have a 
m i c r o s t r u c t u r e  c o n s i s t i n g  o f  masses o r  b u n d les  
o f  w e l l - d e f i n e d  t u b e s .  A number o f  g e n e ra  
o r i g i n a l l y  i n c l u d e d  i n  t h e  fa m i ly  have s i n c e  
been  a s s i g n e d  to  o t h e r  g roups as t h e i r  s t r u c 
t u r e s  and r e l a t i o n s h i p s  became b e t t e r  known.

The Morrowan a l g a l  f l o r a  o f  th e  a r e a  o f  s t u d y  i s  l i s t e d

as f o l l o w s :

Rhodophycophyta

A r c h a e o l i t h o p h y l lu m  m i s s o u r i e n s i s

43
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A r c h a e o l i t h o p h y l lu m  lam ellosum  

Cuneiphycus t e x a n a  

S c h iz o p h y ta

G i r v a n e l l a  a f f . d u c i i  

G i r v a n e l l a  m oore i  

G i r v a n e l l a  m aplewuodensis  

O sag ia  i n c r u s t a t a  

O t t o n o s i a  l a m i n a t a  

C h lo ro ph y co ph y ta

New Genus A s p e c i e s  A

S y s t e m a t i c  D e s c r i p t i o n s  

Phylum Rhodophycophyta  P a p e n fu s s  1946 

C la s s  Rhodophyceae R up re ch t  1851 

Fam ily  U n c e r t a i n  

Genus A r c h a e o l i t h o p h y l lu m  Johnson  1956 

Type S p e c ie s  - A r c h a e o l i t h o p h y l lu m  m i s s o u r i e n s i s

Jo h n so n  (1956 ,  p .  54 ; p i .  14 ,  f i g .  1 -3 ,  5)

D ia g n o s i s  : T h a l l u s  c o n s i s t s  o f  s m a l l ,  i r r e g u l a r l y -  

s h a p e d ,  c r u s t s  o r  c u rv e a  and t w i s t e d  b l a d e s  o f  v a r i a b l e  

t h i c k n e s s .  T h a l l i  o ccu r  as s o l i t a r y  c r u s t s  o r  as f o l i a t e  

m u l t i l a y e r e d  c r u s t s .  I r r e g u l a r  rounded  nodes  o r  s p i n e y  p r o 

t u b e r a n c e s  may be p r e s e n t  on e i t h e r  th e  u p p e r  o r  low er  s u r 

f a c e s  and th o s e  from t h e  lo w er  s u r f a c e  may have h e lp e d  to  

a n ch o r  t h e  p l a n t .  Branches  may deve lop  from th e  u p p e r  s u r 

f a c e s  and t h e s e  n e a r l y  a lways a p p e a r  to  deve lop  p e r p e n d i c u l a r
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t o  t h e  i n i t i a l  b l a d e .  The p l a n t s  a p p ea r  to  have been e i t h e r  

a t t a c h e d  t o  t h e  s u b s t r a t e  p e rh a p s  by means o f  t h e  m inute  

" r o o t - l i k e "  p r o t u b e r a n c e s  from t h e  low er  s u r f a c e  o r  d e v e lo p ed  

f r e e  on th e  d e p o s i t i o n a l  s u r f a c e .  The i n t e r n a l  t i s s u e  i s  

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

and composed o f  a r c u a t e  rows o f  r e l a t i v e l y  l a r g e  p o ly g o n a l  

c e l l s ,  and a t h i n n e r  p e r i t h a l l u s  composed o f  r e l a t i v e l y  sm a l l  

n e a r l y  r e c t a n g u l a r  c e l l s  t h a t  a r e  a r r a n g e d  i n  rows p a r a l l e l i n g  

t h e  long a x i s  o f  t h e  t h a l l u s .  C o n c e p ta c le s  a r e  d ev e lo p ed  and 

d i s t r i b u t e d  i r r e g u l a r l y  on th e  u pp e r  s u r f a c e s .  They a re  

h e m i s p h e r i c a l  i n  shape  and have b u t  one open ing  o r  a p e r t u r e .  

These a r e  t y p i c a l l y  r a r e  i n  Morrowan s t r a t a  o f  n o r t h e a s t e r n  

Oklahoma.

Remarks:  Johnson  (1956) o r i g i n a l l y  d e s c r i b e d  two s p e c i e s

A. m i s s o u r i e n s i s  and A. d e l i c a t u m  t h a t  s e r v e d  as a b a s i s  f o r  

t h i s  g e n us .  S in ce  t h a t  t ime one new s p e c i e s  A. lam el losum  

has  been  d e s c r i b e d  by Wray (1964) .  J o h n s o n ' s  o r i g i n a l  m a t e r 

i a l  came from m id d le  and u p p e r  P e n n s y lv a n ia n  u n i t s  (Desmoi- 

n e s i a n ,  M i s s o u r i a n ,  and V i r g i l i a n )  from I l l i n o i s ,  T exas ,  and 

M i s s o u r i .  Wray 's  sam ples  came from M i s s o u r i a n  l im e s t o n e s  o f  

Kansas .  The m a t e r i a l  f o r  t h i s  s t u d y  i s  o l d e r  (Morrowan) th an  

any y e t  d e s c r i b e d ,  and i s  found  i n  n o r t h e a s t e r n  Oklahoma.

The two s p e c i e s  d e s c r i b e d  by Johnson  d i f f e r  m a in ly  i n  

t h i c k n e s s  o f  th e  t h a l l u s  and h y p o t h a l l u s ,  and i n  t h e  c e l l  

s i z e ,  e s p e c i a l l y  i n  th e  h y p o t h a l l u s .  A. lam el lo sum  Wray 

d i f f e r s  from A. m i s s o u r i e n s i s  i n  t h i c k n e s s  o f  t h e  t h a l l u s
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and h y p o t h a l l u s ,  b u t  has s i m i l a r  d im ens ions  to  A. d e l i c a t u m . 

However, t h e  m u l t i l a y e r e d  c r u s t o s e  h a b i t  o f  A. lamel losum 

r e a d i l y  d i f f e r e n t i a t e s  t h i s  s p e c i e s  from A. d e l i c a t u m .

Johnso n  o r i g i n a l l y  p l a c e d  A r c h a e o l i t h o p h y l lu m  i n  th e  

f a m i l y  C o r a l l i n a c e a e  because  o f  s i m i l a r i t y  o f  m o rp h o lo g ic a l  

c h a r a c t e r i s t i c s ,  e s p e c i a l l y  to  t h e  modern genus L i th o p h y l lu m . 

L a t e r  (1963) he i n c l u d e d  i t  w i t h  s e v e r a l  o t h e r  g e n e r a  o f  c a l 

c a r e o u s  r e d  a lg a e  o f  u n c e r t a i n  a f f i n i t y .

A r c h a e o l i th o p h y H u m  m i s s o u r i e n s i s  Jo h n s o n ,  1956

P I .  5, f i g .  A-F; p i .  6,  f i g .  A-F; p i .  7, f i g .  A-D;
p i .  9 , f i g .  B

A r c h a e o l i t h o p h y l lu m  m i s s o u r i e n s i s  Johnson  (1956, p i .  14, f i g .  
~  1 - 3 ,  5 ) ;  Johnson  (1963,  plV 2,  f i g .  1 -2 ;  p i .  3, f i g .  2;

p i .  4 ,  f i g .  1 - 3 ) ;  Wray (1964, p i .  1 ,  f i g .  1 ,  3 - 7 ) ;  
Rowland (1970, p i .  V I I ,  f i g .  3 - 4 ) .

D i a g n o s i s :  T h a l lu s  c o n s i s t s  o f  c a l c i f i e d  i r r e g u l a r

c r u s t  o r  c u rv e d ,  t w i s t e d  b l a d e  500-1000 m ic rons  t h i c k .  T h ic k 

n e s s  v a r i e s  c o n s i d e r a b l y  even w i t h i n  same specimen p a r t l y  as 

f u n c t i o n  o f  t w i s t i n g ,  b e n d in g ,  b r a n c h in g .  P o s s i b l y  d e v e lo p ed

f r e e  on s u b s t r a t e ,  o r  was a t t a c h e d  to  i t .  T h a l lu s  i s  d i f f e r 

e n t i a t e d  i n t o  f a i r l y  t h i c k  h y p o t h a l l u s  400-800 m ic rons  t h i c k  

and s u b s t a n t i a l l y  t h i n n e r  p e r i t h a l l u s  50-150 m ic rons  t h i c k .  

The c e l l s  w i t h i n  t h e  h y p o t h a l l u s  a r e  p o l y g o n a l ,  commonly 

h e x a g o n a l ,  and a re  a r r a n g e d  i n  a r c u a t e  rows c u rv in g  about  

t h e  long  a x i s  o f  t h e  b l a d e .  The p e r i t h a l l i c  c e l l s  t y p i c a l l y  

a r e  d i s t i n c t i v e l y  s m a l l e r  and a re  more r e c t a n g u l a r  i n  shape .  

G e n e r a l l y  t h e s e  a r e  a r r a n g e d  i n  rows p a r a l l e l i n g  th e  s u r f a c e  

o f  t h e  t h a l l u s .  C o n c e p t a c l e s ,  h e m i s p h e r i c a l  masses r i s i n g
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PLATE 5

A rc h a e o l i t h o p h y l lu m  m i s s o u r i e n s i s  J o h n s o n ,  1956

A. Hand sample  o f  a l g a l  l im e s to n e  c o n t a i n i n g  A. M i s s o u r i - , 
e n s i s , from M.S. 2, u n i t  11. Dime i n d i c a t e s  s c a l e .

B. P o l i s h e d  s l a b  o f  A. m i s s o u r i e n s i s  from main a l g a l  i n t e r 
v a l  a t  Bowlby and Haugh’ s measured s e c t i o n  33.

C. and D. P o l i s h e d  s l a b  and c lo s e u p  o f  t y p i c a l  ru b b ly  a l g a l
l im e s t o n e  c o n t a i n i n g  A. m i s s o u r i e n s i s . From main a l g a l  
p a r t  o f  A lg a l  Limestone and S h a le  Member, M.S. 3, u n i t  
12A. Penny i n d i c a t e s  s c a l e  i n  C, and s m a l l  d i v i s i o n s  i n  
D a r e  m i l l i m e t e r s .

E. P o l i s h e d  s l a b  o f  A. m i s s o u r i e n s i s  from M.S. 26,  u n i t  19
(Cookson) .  Dime i n d i c a t e s  s c a l e .

F. Diagram matic  s k e t c h  o f  p o s s i b l e  growth h a b i t  o f  a s i n g l e
t h a l l u s  o f  A. m i s s o u r i e n s i s . A pprox im ate ly  n a t u r a l  
s c a l e .  [ReZrawn from Wray, 1964)
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PLATE 6

A r c h a e o l i  thophy  Hum m i s s o u r i e n s i s  Jo h n s o n ,  1956

A. T hree  f r a g m e n ts  o f  A. m i s s o u r i e n s i s  showing d e t a i l  o f
c e l l  s t r u c t u r e ,  T .S .  A-131,  M.S. 3, u n i t  12 A, s t a t i o n
1,  X 15.

B. C loseup  o f  1. g i v i n g  d e t a i l  o f  c e l l u l a r  s t r u c t u r e .  T .S .  
A-131,  M.S. 3, u n i t  12 A, s t a t i o n  1 ,  x 48. Note hypo- 
t h a l l i c  c e l l s  and p e r i t h a l l i c  c e l l s .

C. D e t a i l  o f  c e l l  s t r u c t u r e .  T .S .  A-127,  M.S. 3,  u n i t  12 A,
X  40. Note h y p o t h a l l u s  and p e r i t h a l l u s .

D. D e t a i l  o f  c e l l  s t r u c t u r e .  T .S .  A-167,  M.S. 3, u n i t  9.
Note h y p o t h a l l u s  and p e r i t h a l l u s  x  55.

E. S e c t i o n  th ro u g h  t h a l l u s  showing t h i c k  h y p o t h a l l u s  w i t h  
l a r g e  c e l l s  and t h i n  p e r i t h a l l u s  w i t h  s m a l l  c e l l s .  T .S .  
A-167,  M.S. 3, u n i t  9 ,  x  44.

F. D iagram m at ic  s k e t c h  o f  c e l l u l a r  s t r u c t u r e  o f  A. m i s s o u r i - 
e n s i s  x  75 ( a f t e r  Wray, 1964) .
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PLATE 7

A r c h a e o l i t h o p h y l lu m  m i s s o u r i e n s i s  Jo h n so n ,  1956

A. B u r s t  c o n c e p t a c l e  o f  A. m i s s o u r i e n s i s . T .S .  A-127,  M.S. 
3 , u n i t  12 A, s t a t i o n  1, jc 26.

B. B u r s t  c o n c e p t a c l e  o f  A. m i s s o u r i e n s i s . T .S .  A-132,  M.S. 
13,  u n i t  7, X 40.

C. C o n c e p ta c le  n o t  y e t  b u r s t ,  T .S .  A-167, M.S. 3, u n i t  9 
X  32.

D. D e t a i l  o f  c e l l  s t r u c t u r e .  T .S .  A-150, M.S. 3, u n i t  12 A, 
X 40. Note t h i c k  h y p o t h a l l u s  and p o ly g o n a l  h y p o t h a l l i c  
c e l l s .

E. " S u n b u r s t "  r e c r y s t a l l i z a t i o n .  Note long  r a d i a t i n g  f i b e r s  
o f  CaCOj. T .S .  A-150, M.S. 3 ,  u n i t  12 A x  10.
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above th e  s u r f a c e  o f  th e  c r u s t ,  commonly p o s s e s s  b u t  one 

a p e r t u r e .  C o n c e p ta c le s  a r e  r e l a t i v e l y  r a r e  in  t h e  Morrowan 

o c c u r r e n c e s .  T ab le  4 g i v e s  d im ensions  o f  t h a l l u s ,  c e l l s ,  

c o n c e p t a c l e s ,  e t c .

Remarks: T h is  s p e c i e s  i s  e x t r e m e ly  abundant  i n  th e

Morrow l im e s t o n e s  o f  e a s t e r n  Oklahoma and i s  r e a d i l y  d i s 

t i n g u i s h e d  by i t s  l a r g e r  s i z e ,  g r e a t e r  c e l l  d im e n s io n s ,  and 

l a c k  o f  m u l t i l a y e r e d  g rowth  h a b i t  from A. d e l i c a t u m  and A. 

l a m e l lo su m .

O c c u r r e n c e : T h is  s p e c i e s  has  been  found  a t  n e a r l y  a l l

s t r a t i g r a p h i e  l e v e l s  w i t h i n  th e  Morrow, b u t  g e n e r a l l y  i t  i s  

g r e a t l y  abundant  o n ly  i n  t h e  A lg a l  L im es tone  and S h a le  Mem

b e r .  A se co n d a ry  l e v e l  o f  abundance o c c u rs  as a t h i n  i n t e r 

v a l  abou t  midway i n  t h e  Mixed C arbona te  and Sha le  Member.

The known g e o l o g i c  r a n g e  o f  t h i s  s p e c i e s  i s  Morrowan 

t o  Wolfcampian.

A r c h a e o l i t h o p h y l lu m  lam el losum  Wray, 1964

P I .  8,  f i g .  A-F; p i .  9 ,  f i g .  A, C-F

A r c h a e o l i t h o p h y 1lum lam el losum  Wray (1964,  p i .  2, f i g .  1,
3- '5 , 7 ) ;  Tooraey (1969,  p i .  151,  f i g s .  5 - 7 ) .

D ia g n o s i s  : T h a l lu s  c o n s i s t s  o f  f o l i a t e  m u l t i l a y e r e d

c r u s t s  o f  i r r e g u l a r  and u n d u l a t i n g  n a t u r e .  These  a r e  u s u a l l y  

s e v e r a l  in c h e s  i n  l e n g t h  and th e  i n d i v i d u a l  c r u s t s  ave rag e  

200 to  400 m ic rons  t h i c k ,  though  c o l l e c t i v e l y  numerous c r u s t s  

may deve lop  t h i c k n e s s  up t o  two i n c h e s  o r  so t h i c k .  A ccord 

in g  t o  Wray (1964, p .  8) :



J o h n s o n
(1956)

Min,-Max.

Wray
(1964)

Min. -Max,

T h is  r e p o r t  
M in .-Max.

Me an

Table 4: Summary of Dimensions Data
Archaeolithophyllum missouriensis Johnson

T h k n s . 
t h a l l u s

T h k n s . 
hypo .

T h k n s . 
p é r i .

c o n c p t l e .  
w X h t

hypo .
c e l l s

p e r i .
c e l l s

500-1800  400-1100 150-180  580-900x 2 70 -4 2 5  2 7 -9 0 x 3 7 -1 0 8  7 -1 4 x 7 -1 6

300-1500 150-1175  50-180 890-1000x405-525  4 8 -1 3 6x 5 0-18 0  7 -1 5 x 8 -15

192-1120  130-730  40-320  5 6 0 -9 8 0x 1 76 -51 8  1 8 -1 1 6 x 30 -1 6 0  7 -2 1 x1 0 -2 8

561 415 82 831x411 48x72 11x17 en
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Many t h a l l i  e x h i b i t  e p i p h y t i c  and e p i z o i c  h a b i t .
I n i t i a l  l a y e r  may e n c r u s t  o t h e r  b i o t i c  c o n s t i t u 
e n t s  , commonly b r y o z o a n s ,  o r  l o o s e  s e d im e n t .  Sub
s e q u e n t  l a y e r s  c l o s e l y  e n c r u s t  p r e v i o u s  ones o r  
a r e  s e p a r a t e d  by s e d im e n t  o r  c a v i t i e s .  I n d i v i 
d u a l  c r u s t s  o c c a s i o n a l l y  b i f u r c a t e .  C r u s t s  
a p p e a r  to  t e r m i n a t e  a b r u p t l y  w i th o u t  t h i n n i n g .
Knobby o r  s p i n o s e  p r o t u b e r a n c e s  about  300 m icrons  
i n  d i a m e t e r  and up t o  1 mm. in  l e n g t h  o c c u r  i n 
f r e q u e n t l y .

I n t e r n a l l y  t h e  s t r u c t u r e  o f  A. lam el losum  i s  s i m i l a r  to  

t h a t  o f  A. m i s s o u r i e n s i s , b u t  th e  d im ensions  d i f f e r  a p p r e 

c i a b l y .  A t h i c k e r  c e n t r a l  h y p o t h a l l i s  i s  found to  c o n t a i n  

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

s m a l l e s t  a long  th e  l a t e r a l  m a r g in s ,  w h i le  t h e  t h i n n e r  p e r i 

t h a l l u s  c o n s i s t s  o f  s m a l l e r ,  more r e c t a n g u l a r  c e l l s  t h a t  

p a r a l l e l  t h e  edge o f  t h e  t h a l l u s .  C o n c e p ta c le s  a re  hemi

s p h e r i c a l  masses  r i s i n g  above th e  s u r f a c e  and c o n t a i n  one 

o pen in g  ( a p e r t u r e ) .  Dimensions o f  t h a l l u s ,  c e l l s ,  and con 

c e p t a c l e s  may be found  i n  T ab le  5.

Remarks ; The g row th  h a b i t  im m ed ia te ly  d i s t i n g u i s h e s  

t h i s  s p e c i e s  f rom  A. m i s s o u r i e n s i s , and t h e  n a t u r e ,  sh a p e ,  

s i z e ,  and a r r a n g e m e n t  o f  t h e  c e l l s  d i s t i n g u i s h  i t  from th e

long  s l e n d e r  b ra n c h e s  o f  C une iph y cu s .

O ccu r re n ce  : T h is  s p e c i e s  has been  o b se rv e d  o n ly  in

m easured  s e c t i o n s  2 ,  3, 5, 6 ,  7, 11, 12, 13 and 16, and a t  

b u t  one s t r a t i g r a p h i e  l e v e l ,  t h a t  b e in g  th e  low er  "main" a l 

g a l  l im e s t o n e  p o r t i o n  o f  t h e  A lg a l  Limestone  and S h a le  Mem

b e r .

The spec im ens  o f  t h e  s p e c i e s  d e s c r i b e d  by Wray (1964) 

a r e  f rom t h e  L an s in g  Group ( M i s s o u r i a n ) , and t h o s e  o f  Toomey



Wray 
(1964) 
M in .-Max.  
Mean

T h k n s . 
t h a l l u s

30-400
250

Table 5: Summary of Dimensional Data
Archaeolithophyllum lamellosum Wray

Thlcns. 
hypo .

30-300
175

Thkns 
p e r i .

2 0 - 1 00
40

c o n c e p t l e ,  
w X h t

4 50-575 x2 2 0-3 05
525x265

hyp .
c e l l s

1 8 -4 0 x 2 0 -5 8
27x36

p e n .
c e l l s

1 0 -1 5 x 1 2 -1 8
12x15

T h i s  r e p o r t  
M in .-Max.  
Mean

100-360 85-240 18-80 18 5 -3 7 5x 9 0-15 0
173 138 34 266x110

1 3 -2 6 x 1 8 -4 0
18x26

6 -8 x 7 -1 3
7x12

in
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PLATE 8

A rc h a e o l i th o p h y l lu m  lamel losum Wray, 1964

A. A. lam el losum  o c c u r r in g  as t h i c k  f o l i a t e  c r u s t s  w i t h i n  
l a r g e r  b l o c k  o f  l im e s to n e .  M.S. 3, u n i t  12 B, s t a t i o n  
12 .

B. P o l i s h e d  s l a b  o f  A. lam el losum  c u t  p a r a l l e l  to  bedd ing .  
Penny i n d i c a t e s  s c a l e l  M.S'. I ,  u n i t  12 B, s t a t i o n  2.

C. T h is  s e c t i o n  o f  numerous A. lamellosum c r u s t s .  T .S .  
A-134,  M.S. 5, u n i t  15, x 18.

D. T h is  s e c t i o n  view o f  s e v e r a l  r e c r y s t a l l i z e d  A. lam el losum  
c r u s t s .  N o t i c e  p r e s e n c e  of  G i r v a n e l l a . T .S .  A-135,  M.S. 
5, u n i t  15, X 44.

E. A. lam el losum  c r u s t s  c o v e r in g  b ryozoan .  T .S .  A-135.
M.S. 5, u n i t  15, x 10.

F. A. lam el losum  c r u s t s  c o v e r in g  sponge.  T .S .  A-134,  M.S.
5, X  10.
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PLATE 9

A rc l iaeo l i th -ophyl lum  Jo h n so n ,  1956

A. A, lam el losum  c r u s t s  and one u n b u r s t  c o n c e p t a c l e ,  T .S .  
A-126,  M.S. 13, u n i t  7, x 18.

B. A. m i s s o u r i e n s i s  t h a l l i  ( c e n t e r )  w i t h  two c o n c e p t a c l e s ,  
one b u r s t .  T h in n e r  c r u s t s  i n  u p pe r  l e f t  a re  A. l a m e l l o 
sum. T .S .  A-132,  M.S. 13, u n i t  7, x 7.

C. A. lam el losum  showing s l i g h t  h i n t  of  h y p o t h a l l i c  t i s s u e  
i n  u p pe r  l e f t .  T .S .  A-132,  M.S. 13,  u n i t  7, x 60.

D. S e v e r a l  c r u s t s  o f  A. l am el lo sum  w i t h  h i n t  o f  h y p o t h a l l i c
s t r u c t u r e  p r e s e r v e d  n e a r  c e n t e r .  T .S .  A-134, M.S. 5, 
u n i t  15, X  60.

E. A. lam el lo sum  c o n c e p t a c l e  from T. S. A -154, M.S. 3, u n i t  
12 ,  X  90.

F. C loseup o f  lower  r i g h t  p a r t  o f  E showing u n u s u a l l y  t h i c k  
p e r i t h a l l u s  (p ro b a b ly  due to  t h e  a n g le  th e  t h i n  s e c t i o n  
was c u t )  and l a r g e r  p o ly g o n a l  h y p o t h a l l i c  c e l l s  x  180.
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a re  from th e  Leavenw or th  L im es tone  ( V i r g i l i a n ) .  The known 

g e o l o g i c  ran g e  o f  t h i s  s p e c i e s  i s  Middle  Morrowan th ro u g h  

V i r g i l i a n ,  w h ich  i s  more r e s t r i c t e d  t h a n  t h a t  f o r  A. 

m i s s o u r i e n s i s .

C la s s  Rhodophyceae R u p r e c h t ,  1851 

Fam ily  u n c e r t a i n  

Genus Cuneiphycus Jo h n s o n ,  1960 

Type S p e c ie s  - Cuneiphycus t e x a n a  Johnson  (1960, p.  55; 

p i .  21) .

D ia g n o s i s  : T h a l l u s  s l e n d e r ,  p r o b a b l y  segm ented ,  b r a n c h 

i n g ,  c y l i n d r i c a l  t o  w e d g e -shap ed ,  and t a p e r i n g ,  commonly 

n a r r o w e s t  n e a r  b a s e ,  and c o n s i s t i n g  o f  c y l i n d r i c a l  to  wedge- 

sh a p ed  b ran c h ed  members. T i s s u e  c o n s i s t s  o f  r e l a t i v e l y  l a r g e  

r e c t a n g u l a r  to  w edge-shaped  c e l l s  a r r a n g e d  i n  l a y e r s .

Remarks : J o h n s o n ' s  o r i g i n a l  m a t e r i a l  came from West

Texas and a d j a c e n t  New Mexico b u t  he i n d i c a t e d  t h a t  specim ens 

had  a l s o  been  found  i n  M i s s o u r i  and i n  th e  W ic h i t a  F a l l s  r e 

g io n  o f  Texas .  He rem arked  ( Jo h n so n ,  1960, p .  54) t h a t  th ey  

re sem b led  f r a g m e n ts  o f  " b a d l y  worn p i e c e s  o f  a r t i c u l a t e d  

c o r a l l i n e  a l g a e ,  b u t  t h e y  have l o n g e r  and w id e r  c e l l s  and a 

l e s s  complex t i s s u e " .

Cuneiphycus t e x a n a  Jo h n s o n ,  1960 

P I .  10, f i g .  A-G.

Cuneiphycus t e x a n a  Joh n son  (1960,  p i .  21, f i g .  1 - 3 ) ;  Johnson  
n 963, p i .  5, f i g .  1 - 3 ) ;  Toomey (1969, p i .  151, f i g .  
i - 2 ) ;  Rowland (1970 ,  p i .  VI ,  f i g .  2, p i .  V I I ,  f i g .  5 - 6 ) .
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D ia g n o s i s  : T l ia l lus  s l e n d e r ,  b r a n c h i n g ,  p r o b a b ly  s e g 

m ented ,  c y l i n d r i c a l  t o  w edge-shaped ,  and t a p e r i n g ,  u s u a l l y  

n a r r o w e s t  n e a r  ba se  and expanding  upward,  and c o n s i s t i n g  of  

c y l i n d r i c a l  to  wedge-shaped ,  s tu b b y  to  s l e n d e r  members o r  

b r a n c h e s .  The t i s s u e  c o n s i s t s  o f  l a y e r s  o f  r e l a t i v e l y  l a r g e  

c e l l s  t h a t  a re  r e c t a n g u l a r ,  t r a p e z o h e d r a l , o r  wedge-shaped 

( c u n e i fo rm ) .  W ith in  th e  long s l e n d e r  b ran c h es  one o r  two 

c e l l  rows may be p r e s e n t ,  r a r e l y  t h r e e ,  and t h e s e  resem ble  

c h a in s  o f  c e l l s  i n  t h i n  s e c t i o n ,  whereas i n  t h e  s h o r t e r  s tubby  

b ra n c h e s  3-6 rows o f  c e l l s  may be p r e s e n t .  The t e r m i n a l  p o s i 

t i o n  o f  some of  th e  b ranch es  appear  t o  be somewhat rounded  o r  

i n f l a t e d .  S p o ran g ia  a r e  unknovm, though they  may be housed  

i n  th e  i n f l a t e d  t e r m in a l  p o r t i o n s  j u s t  d e s c r i b e d .  The c o n d i 

t i o n  o f  p r e s e r v a t i o n  p r e v e n t s  c o n c l u s i v e  r e s u l t s .  A p p a re n t ly  

most r e p r o d u c t i o n  i s  t h r o u g h  a se x u a l  budding as a new t h a l l u s  

may deve lop  seem ing ly  from a s i n g l e  c e l l  o r  s e v e r a l  c e l l s  

w i t h i n  an o l d e r  b ranch .

Three  growth  h a b i t s  seem t o  be p r e s e n t .  Complex t h r e e  

d im e n s io n a l  ne tworks  a re  common and resem ble  a complex o f  

l a c e y  c h a i n s .  O n c o l i t h s , o r  f l a t t e n e d  b i s c u i t - l i k e  forms r e 

s u l t i n g  from a l g a l  c o a t in g s  over  f rag m en ts  o f  c a l c i t i c  mud 

o r  o t h e r  f o s s i l  d e b r i s  a r e  a l s o  common. Cuneiphycus does 

ap pea r  to  be p r e s e n t  i n  some o f  t h e s e ,  b u t  most a re  composed 

of  O s a g i a . The t h i r d  g rowth  h a b i t  i s  one in  which  th e  b r a n 

ches s p r e a d  o u t  over  t h e  s u b s t r a t e  i n s t e a d  o f  growing up i n t o  

a t h r e e - d i m e n s i o n a l  complex. They may s p r e a d  ove r  t h e  s e d i -
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ment a c e n t i m e t e r  o r  so and t e r m i n a t e ,  o r  t h e y  may form a new 

p l a n t ,  o r  t h e y ,  p resum ab ly  a f t e r  one such  b r a n c h  becomes 

b u r i e d ,  may grow upwards t h ro u g h  th e  sed im en t  to  t h e  s u r f a c e  

and s p r e a d  o u t  ove r  i t  a g a in .  In  some c a se s  t h i s  has  been 

s e e n  to  have o c c u r r e d  s e v e r a l  t im es  i n  a row d e v e lo p in g  a l 

most a l a y e r e d  e f f e c t .

The c e l l  w a l l s  o f  th e  t h a l l u s  and b ra n c h e s  a re  t h i c k e r  

to p  and b o t tom  th a n  th e  l a t e r a l  c e l l  w a l l s ,  and o f t e n  a d j a 

c e n t  c e l l s  a lo n g  th e  same row seem t o  b l e n d  t o g e t h e r .  T h e re 

f o r e  t h e  l e n g t h  o f  t h e s e  c e l l s  and c e l l  l a y e r s  i s  n e a r l y  a l 

ways d i s t i n c t  and easy  to  measure  a c c u r a t e l y  b u t  t h e  w id th  

o f  t h e  c e l l s  i s  o f t e n  somewhat n e b u lo u s .  This  may be due in

p a r t  to  p a r t i a l  d e s t r u c t i o n  o f  t h e  w a l l s  by r e c r y s t a l l i z a t i o n

a l th o u g h  i t  rem ains  u n c l e a r  why th e  l a t e r a l  w a l l s  s h o u ld  be 

more s u s c e p t i b l e  th a n  t h e  o t h e r s  u n l e s s  t h e  t h i c k n e s s  i s  

d i f f e r e n t .

T ab le  6: Summary o f  D im ens iona l  D a ta  
Cuneiphycus t e x a n a  Johnson

t h a l l u s  c e l l s  b ra n c h  c e l l s

Jo h nso n  (I960)
Min.-Max. 22-66 x 40-116

T h is  r e p o r t
Min.-Max. 32-98 x 48-150 16-100 x 32-150
Mean 5 8 x 9 4  5 7 x 8 6
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Remarks : Two o f  t h e  t h r e e  growth  h a b i t s  o f  Cuneiphycus

g iv e n  h e r e  have n o t  been  p r e s e n t e d  b e f o r e .  The a u th o r  does 

n o t  f e e l  t h i s  s h o u ld  be r e f l e c t e d  i n  th e  c l a s s i f i c a t i o n ,  i . e . ,  

a l l  t h r e e  g row th  h a b i t s  app ea r  to  be e x h i b i t e d  by a s i n g l e  

s p e c i e s .  P e rh ap s  t h e  r e a s o n  i s  é c o l o g i e .  The o n c o l i t h  forms 

seem to  r e p r e s e n t  a g i t a t i o n  and o v e r t u r n i n g  by w a v e - a c t i o n ,  

b u t  b o th  o f  t h e  o t h e r  g rowth  h a b i t s  a r e  found a s s o c i a t e d  w i t h  

m i c r i t i c  s e d i m e n t ,  and p resum ab ly  s i m i l a r  e n v i ro n m e n t s .  Most 

o f  th e  t h r e e  d im e n s io n a l  framework ty p e s  o c c u r  in  a m i c r i t i c  

m a t r i x  b u t  o c c a s i o n a l l y  one i s  found  where c o a t e d - g r a i n s  and 

even q u a r t z  g r a i n s  a r e  e n t r a p p e d  i n  th e  s t r u c t u r e  o f  th e  

p l a n t ,  s u g g e s t i n g  t h a t  t h i s  g r o w t h - h a b i t  a t  l e a s t  c o u ld  t o l e r 

a t e  m o d e r a te ly  h i g h  energy  c o n d i t i o n s .

A s i g n i f i c a n t  amount o f  Cuneiphycus has been  r e c r y s t a l 

l i z e d  and a l t e r e d  to  th e  e x t e n t  t h a t  i t  s t r o n g l y  re sem b le s  

F o l io p h y c u s .  One can no t  h e l p  b u t  s p e c u l a t e  t h a t  p e rh a p s  

J o h n s o n ' s  i l l u s t r a t e d  examples o f  F o l i o p h y c u s , (1963, P l a t e  

47) a r e  i n  f a c t  r e c r y s t a l l i z e d  v e r s i o n s  o f  C u n e ip h ycus .

O c cu r ren ce  : Cuneiphycus t e x a n a  o c cu rs  i n  n e a r l y  a l l  o f

t h e  s t r a t i g r a p h i e  s e c t i o n s  m easured  and d e s c r i b e d  i n  t h i s  

s t u d y .  S t r a t i g r a p h i c a l l y  i t  i s  n o t  r e s t r i c t e d  to  any s p e c i f i c  

Member o f  th e  Morrow F o rm a t io n ,  as i t  has  been  found i n  a l l  

members. However i t  i s  on ly  abundant  i n  t h e  A lg a l  Limestone  

and S h a le  Member, where i t  commonly o c cu rs  as a sed im en t-  

b in d in g  t h r e e  d im en s ion a l ,  n e tw o rk  fo rm ing  a l g a l  b i o l i t h i t e .

The known g e o l o g i c  r a n g e  o f  t h i s  s p e c i e s  i s  Morrowan
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PLATE 10

Cuneiphycus t e x a n a  J o h n s o n ,  1960

A. S e v e r a l  Cuneiphycus t h a l l i  w i t h  l e n g t h y  s l e n d e r  t h r e a d 
l i k e  o r  c h a i n - l i k e  b r a n c h e s .  Numerous r e c r y s t a l l i z e d  
d a s y c l a d a c e a n  a lg a e  p r e s e n t  a l s o  i n  t r a n s v e r s e  s e c t i o n .  
T .S .  A-130,  M.S. 12, u n i t  8, x  10.

B. E n la rg em en t  o f  l a r g e s t  t h a l l u s  o f  A. showing d e t a i l  x  22.

C. E n la rg em en t  o f  A. and B. x 60.

D. and E. Fragm ented  C u n e ip hy cu s . Note t h a t  h o r i z o n t a l  p a r 
t i t i o n s  be tw een  l a y e r s  o f  c e l l s  a r e  e a s i l y  d i s t i n g u i s h e d ,  
b u t  v e r t i c a l  w a l l s  be tween  c e l l s  more d i f f i c u l t  to  ob
s e r v e .  T .S .  A-165,  Bowlby’s m easu red  s e c t i o n  27, u n i t  
9. X  44.

P. and G. S e c t i o n  t h r o u g h  n e tw o rk  o f  Cuneiphycus w i t h  r e c r y 
s t a l l i z e d  m i c r i t i c  m a t r i x .  View on l e f t  x 10,  view on 
r i g h t  i s  e n la rg e m e n t  o f  r i g h t  s i d e  o f  F . , x 44. T .S.
A-111 ,  M.S. 13,  u n i t  2.
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th ro u g h  V i r g i n  an.

Phylum S c h izo p h y ta  ( F a lk in b e rg )  E n g le r ,  1892 

" S e c t i o n ” P o ro s t ro m a ta  P i a ,  1927 

Genus G i r v a n e l l a  N ich o lson  and E t h e r i d g e ,  1880 

P I .  11, f i g .  A-F 

D ia g n o s i s  : Two d e s c r i p t i o n s  a r e  i n c l u d e d  h e r e ,  t h a t  of

Johnson (1961) and Maslov (1949) p l u s  a no te  on Morrowan 

forms.

Johnson  (1961, p. 194) d e s c r i b e s  t h e  genus t h u s :

F lexuous  t u b e s  o f  un i fo rm  d i a m e te r ,  commonly w i th  
t h i c k ,  w e l l - d e f i n e d  w a l l s .  The tu b es  a re  s im p le  
c y l i n d e r s  w i t h o u t  c ro s s  p a r t i t i o n s  o r  p e r f o r a 
t i o n s  i n  th e  s i d e  w a l l s .  Branching may o c c u r ,  
commonly i n  some s p e c i e s ,  r a r e l y  i n  o t h e r s .
S p o ra n g ia  unknown. F r e q u e n t l y ,  th e  tu bes  deve lop  
a round  a n u c le u s  and form sm a l l  rounded o r  b e a n 
shaped  m asses .

Maslov g e n e r a l l y  a g re e s  w i th  t h i s  d e s c r i p t i o n ,  and he 

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

G i r v a n e l l a  (1949) .

He says  (p. 2) :

G i r v a n e l l a s  o f  a l l  ages and s p e c i e s  lo o k  a p p r o x i 
m a te ly  th e  same: more o r  l e s s  t o r t u o u s  tu b e s  w i th  
t h e  same d i a m e te r  and w a l l  t h i c k n e s s  t h r o u g h o u t  
t h e  l e n g t h  o f  t h e  organ ism.  No t h i c k e n i n g  on th e  
o u t e r  w a l l  o r  i n n e r  c a v i t y  have been  o b se rv e d .
The p r i n c i p a l  d i s t i n c t i o n  i s  t h e  s i z e  o f  t h e  tube  
d i a m e te r .  The growth h a b i t s ,  which a r e  tw in in g  
around f ra g m e n ts  o f  o t h e r  o rg an ism s ,  f r e e  growth 
upward from t h e  s e a  f l o o r ,  o r  forming s p r e a d i n g  
t h i c k  f e l t  on th e  b o t to m ,  a re  e c o l o g i c a l  c h a r a c 
t e r s  and c an n o t  always be used  as s p e c i f i c  d i s 
t i n c t i o n s .  Branching  o f  t h e  tube  i s  r a r e l y  s e e n .

In  g e n e r a l  agreement  w i t h  b o th  d e s c r i p t i o n s ,  t h e  a u th o r  

r e c o g n iz e s  as t h e  most im p o r t a n t  c r i t e r i a  f o r  i d e n t i f i c a t i o n
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and c l a s s i f i c a t i o n  o f  s p e c i e s  o f  G i r v a n e l l a  th e  d i a m e te r  o f  

t h e  t u b e s  ( o r i g i n a l l y  f i l a m e n t s  b u t  t h e  f o s s i l  form i s  th e  

t u b e  which env e lo p ed  th e  f i l a m e n t ) , t h e  u n i f o r m i t y  o f  t h e  

tu b e  d i a m e t e r ,  and t h e  t h i c k  w e l l - d e f i n e d  w a l l s .  Growth 

h a b i t  i s  h e r e  c o n s i d e r e d  e c o l o g i c a l  as e x p r e s s e d  by Maslov.

Remarks : While tu be  d ia m e te r  and u n i f o r m i t y  p l u s  t h i c k 

n e s s  o f  w a l l  a re  g e n e r a l l y  r e g a r d e d  as i m p o r t a n t  b a s e s  f o r  

c l a s s i f i c a t i o n ,  no t o t a l  ag reem ent  e x i s t s  on w h e th e r  o r  n o t  

b r a n c h i n g  o c cu rs  o r  w h e th e r  b r a n c h in g  forms a re  l e g i t i m a t e l y  

a s s i g n e d  to  t h i s  genus .  I n  the  Morrow i n  n o r t h e a s t e r n  

Oklahoma, no b ra n c h in g  was o b s e r v e d ,  hence  t h e  p rob lem  n e v e r  

a r o s e .

The s y s t e m a t i c  p o s i t i o n  o f  G i r v a n e l l a  i s  s t i l l  something  

o f  a q u e s t i o n .  At v a r i o u s  t im es  i t  has  been a s s i g n e d  to  th e  

F o r a m i n i f e r a ,  P o r i f e r a ,  S i p h o n a l e s , and even s u g g e s t i o n s  o f  

c a l c i f i e d  worm tu b e s  a n d /o r  burrows have been  made. Cur

r e n t l y  i t  i s  u s u a l l y  i n c l u d e d  w i t h  b l u e - g r e e n  a l g a e ,  a view 

s h a r e d  by b o th  Maslov and Johnson .

S in ce  n e a r l y  a l l  s p e c i e s  o f  G i r v a n e l l a  have th e  same 

d e s c r i p t i o n  e x c e p t  f o r  tube  d i a m e te r  (which i s  g e n e r a l l y  

a c c e p t e d  as a s p e c i f i c  c h a r a c t e r i s t i c ) , and n a t u r e  o f  b r a n c h 

in g  (a  f e a t u r e  n o t  found  i n  th e  Morrowan f o r m s ) ,  no i n d i v i 

d u a l  s p e c i e s  d e s c r i p t i o n s  a r e  p u t  f o r t h ,  m ere ly  a summary of  

Morrowan forms.

The known g e o l o g i c  r ang e  of G i r v a n e l l a  i s  Cambrian 

t h ro u g h  C re ta c e o u s .
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PLATE 11

G i r v a n e l l a  N ic h o ls o n  a n d 'E t h e r i d g e ,  1880

A. G i r v a n e l l a  m o o r e i . S m a l l ,  t w i s t e d  a l g a l o i d  mass. Tube 
d i a m e t e r  ab o u t  18 m ic ro n s .  Note s t r i k i n g  u n i f o r m i t y  o f
tu b e  d i a m e te r  and t h i c k  w e l l - d e f i n e d  w a l l s .  T .S .  A-114,
M.S. 12, u n i t  7H, x 60.

B. G. m ap lew o o dens is . T w is ted  mass a t  r i g h t ,  u n t w i s t e d  tu b e
i n  c e n t e r .  Tube d ia m e te r  9 m ic ro n s .  T .S .  686, M.S. 3,
u n i t  19,  X 80.

C. G. m o o r e i . T w is ted  b e a n - s h a p e d  mass.  T .S .  A-160,  M.S.
13,  u n i t  7,  X  44.

D. iG. m o o r e i . A no th e r  s m a l l  t w i s t e d  mass f rom same bed  as
C. E n c r u s t e d  on p o o r l y - p r e s e r v e d  b ry ozo an .  T .S .  A-114,
M.S. 12,  u n i t  7H, x 70.

E. G. a f f . d u c i i . A p p a r e n t ly  p e n e t r a t i n g  p e le c y p o d  s h e l l .
Again  n o t e  u n i fo rm  tube  d i a m e t e r  and w a l l  s t r u c t u r e .
T .S .  A-161, M.S. 13, u n i t  7, x 65.

F . G. a f f . d u c i i . T w is ted  tu b e  w i t h  w e l l - d e f i n e d  w a l l s  and
tu b e  d i a m e t e r  o f  26 m ic ro n s .  T .S .  A-161,  M.S. 13, u n i t  
7, X 70.
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Morrowan s p e c i e s  o f  n o r t h e a s t e r n  Oklahoma : Three s e p a 

r a t e  s p e c i e s  o c c u r  i n  t h e  s t u d i e d  a r e a ,  G. a f f . d u c i i , G. 

m o o r e i , and G. m ap lew o o d en s is . Each was found i n  n e a r l y  a l l  

measured  s e c t i o n s ,  and G. a f f . d u c i i  and t o  a l e s s e r  e x t e n t

G. m oorei  were found  a t  p r a c t i c a l l y  a l l  l e v e l s  w i t h i n  th e  

Morrow Fo rm a t io n .  Only G. maplewoodensis  app ea rs  to  be r e 

s t r i c t e d ,  b u t  t h i s  may be as much a c a se  o f  a l a c k  o f  o b s e r 

v a t i o n  as a n y th in g  e l s e .  U s u a l ly  t h i s  form i s  a s s o c i a t e d  

w i t h  O sag ia  and O t t o n o s i a , and i n  t h i s  a s s o c i a t i o n  i s  e a s i e r  

to  d e t e c t  and e x p e c t .  S in ce  th e y  a re  e x t r e m e ly  sm a l l  ( tu b e  

d i a m e t e r  8-10 m ic rons)  one can e a s i l y  o v e r lo o k  them. A l l  

t h r e e  s p e c i e s  o c c u r  i n  g r e a t  abundance i n  t h e  A lg a l  Limestone  

and S h a le  Member.

Of t h e  t h r e e  Morrow f o r m s , G. a f f . d u c i i  Wethered i s  th e  

l a r g e s t ,  and commonly forms t w i s t e d  b e a n - s h a p e d  m asses .

Maslov i s  o f  th e  o p in io n  t h a t  t h e  tu b e  d i a m e t e r  i s  so  c o n s i s 

t e n t l y  and u n i f o r m ly  20 m icrons  t h a t  a n y th in g  g r e a t e r  o r  l e s s  

t h a n  20 m ic rons  be  a s s i g n e d  to  a d i f f e r e n t  s p e c i e s .  Johnson  

l i s t s  a ran g e  o f  22-29 m icrons  as d e f i n i t i v e .  Morrowan forms 

f a l l  i n  t h e  up p e r  p a r t  o f  t h e  ran g e  most  commonly between 24 

and 29 m ic ro n s .

A form s l i g h t l y  s m a l l e r  i s  G. moorei  Joh n son .  I t  com

monly forms e n tw in e d ,  t w i s t e d ,  b e a n - sh a p e d  masses much l i k e

G. a f f . d u c i i . Johnson  d e f i n e s  t h i s  s p e c i e s  as h a v ing  a tub e  

d i a m e t e r  o f  17-19 m ic ro n s .  Morrowan forms range  from 15-19 

m ic r o n s ,  b u t  a re  a s s i g n e d  t o  t h i s  s p e c i e s  s i n c e  th e  t w i s t i n g
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n a t u r e  o f  t h e  tu b es  do n o t  always a l low  th e  same c r o s s - s e c t i o n  

i n  t h i n  s e c t i o n .  Whether t h e  c u t  was made th ro u g h  th e  m id d le  

o f  th e  tu b e  o r  s l i g h t l y  o f f - c e n t e r e d  a l s o ,  m ight  a l lo w  an 

a d d i t i o n a l  micron  o r  two v a r i a n c e .  O the r  p o s s i b l e  a s s i g n 

ments  which were c o n s i d e r e d  in c l u d e  (w i th  tu b e  d ia m e te r  and 

g e o l o g i c  range  as g iven  by Maslov ,  1949, i n  p a r e n t h e s e s  a f t e r  

e a c h ) ;  G. p r o b l e m a t i c a  N ic h o ls o n  and E th e r id g e  (9-15 m ic rons  - 

S i l u r i a n ) ;  G. c o n f e r t a  Chapman (17 microns - S i l u r i a n ) ;  

g r a b a u i  (16 m icrons  - P e r m ia n ) .

The t h i r d  Morrowan s p e c i e s  i s  G. maplewoodensis  Johnson .  

I t  i s  found  in  a s s o c i a t i o n  w i t h  O sag ia  i n  a l l  c a se s  examined. 

I t  o ccu rs  as t w i s t e d  masses j u s t  as G. a f f . d u c i i  and G. 

m o o r e i , b u t  a l s o  occurs  n o t  so t a n g l e d  o r  t w i s t e d  and i n  a 

few c a se s  s p r e a d  o u t  as i s o l a t e d ,  i n d i v i d u a l  t u b e s  w i t h i n  an 

O s a g ia  co lo n y .  Johnson d e f i n e s  t h e  l i m i t s  o f  t h e  s p e c i e s  as 

h av in g  a tub e  d ia m e te r  o f  8-9 m ic ron s .  Those examined from 

th e  Morrow Form ation  were m easured  as 8-10 m ic ro n s .  Human 

e r r o r  a lo n e  can r e a d i l y  e x p l a i n  so minor a d i s c r e p a n c y .

Table  7: Summary o f  Dim ensiona l  Data  
G i r v a n e l l a  s p . N ic h o ls o n  and E th e r id g e

G. a f f . d u c i i  G. moorei  G. maplewoodensis

Maslov (1949) 22-28 17-19 8-9

Johnson  (1963) 22-29 17-19 8-9

T h is  r e p o r t
Min.-Max. 21-29 15-20 8-11
Mean 25.9  17. 4 9 .4
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A l g a l - f o r a m i n i f e r a l  C o lo n ie s  

A s s o c i a t i o n s  o f  f i l a m e n t o u s  a l g a e  ( r e p r e s e n t e d  as c a l 

c i f i e d  tu b e s )  and f o r a m i n i f e r s  a r e  common i n  P e n n sy lv a n ia n  

and Permian r o c k s .  The terms " s y m b i o n t s " ,  and " co n s o r t iu m s"  

a re  r e j e c t e d  i n  agreem ent  w i t h  H enbes t  (1963) f o r  t h e s e  

a s s o c i a t i o n s  s i n c e  th e  f o r a m i n i f e r  i s n ' t  always n e c e s s a r y  f o r  

development  o f  t h e  co lony  though  i t  i s  u s u a l l y  p r e s e n t ,  and 

as Henbes t  p o i n t s  o u t  (p. 36 ) :

 s u g g e s t i o n s  o f  a l t e r n a t i v e  r a t h e r  th an
synchronous  growth  i n  some c o l o n i e s ,  s u g g e s t  
t h a t  t h e  te rm  c o n s o r t iu m  i s  l i k e w i s e  i n a p p r o 
p r i a t e  b e c a u se  th e  te rm  c o n so r t iu m  co nno tes  
t o g e t h e r  i n  t im e  as w e l l  as p o s i t i o n .

The a lg a e  ty p e  p r e s e n t  c o n s i s t s  u s u a l l y  o f  g i r v a n e l l i d -  

t y p e  tu b es  which  i n  t h e m se lv e s  have  n o t  been  named o r  d e s 

c r i b e d  i n  t h e  l i t e r a t u r e .  C o r n u s p i r i d  f o r a m i n i f e r s  a re  

u s u a l l y  p r e s e n t  b u t  need  n o t  b e .  Those found  i n  c o lo n i e s  o f  

t h i s  ty pe  i n c l u d e  A p t e r i n e l l a , P a l e o n u b e c u l a r i a , H e d r a i t e s , 

and o t h e r s ,  a c c o r d i n g  t o  H e n b es t .  I n  t h e  Morrowan, only  

H e d r a i t e s  was d e f i n i t e l y  i d e n t i f i e d .

Two k in d s  o f  a l g a l - f o r a m i n i f e r a l  c o l o n i e s  have been 

g e n e r a l l y  r e c o g n i z e d  and a name has  been  a p p l i e d  t o  t h e s e .

The s t a t u s  o f  t h e  name, t h e n ,  would be t h a t  o f  Form Genus. 

While t h i s  may cause  c e r t a i n  p rob lem s  to  t h e  t a x o n o m is t ,  

t h e i r  v a lu e  as  s t r a t i g r a p h i e  m arke rs  i s  w e l l  known i n  the  

P e n n s y lv a n ia n  and Permian  o f  t h e  m i d - c o n t i n e n t  i n  t h e  p e t r o 

leum i n d u s t r y ,  and j u s t i f i e s  t h e i r  c o n t i n u a t i o n .
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Form Genus O sag ia  Twenhofel

Type S p e c ie s  O sag ia  i n c r u s t a t a  T w enhofe l ,  1919 
P I .  13,  f i g .  A-F

O sag ia  i n c r u s t a t a  Twenhofel  (1919 p.  351-2 ,  f i g .  5)
O s a g ia  i n c r u s t a t a  Twenhofel  (Johnson ,  1946, p i .  2 , f i g .  3 -5 ;

p i .  4 , f i g .  3 -5 ;  p i .  5, f i g s .  5 -6 ;  p i .  10 ,  f i g .  2)
O sag ia  i n c r u s t a t a  Twenhofel  ( Joh n son ,  1947,  p .  42-44)
O sag ia  i n c r u s t a t a  Twenhofel  emend. (H e n b es t ,  1963, p .  3 5 -3 7 ,

p i .  6 ,  f i g .  1-5)
O sag ia  i n c r u s t a t a  Twenhofel  (Rowland, 1970, p .  113, p i .  V I I ,  

^ i g . “ 1-2)

D ia g n o s i s  : S p h e r i c a l  t o  o b l a t e ,  p e a - s h a p e d ,  t o  egg-

s h a p e d ,  to  b i s c u i t - s h a p e d  a l g a l o i d  m a s s e s ,  c o n s i s t i n g  o f  

g i r v a n e l l i d - t y p e  tu b es  w i t h  o r  w i t h o u t  c o r n u s p i r i d  f o r a m i n i 

f e r s ,  fo rm ing  l a m in a t e d  i n c r u s t a t i o n s  about  a n u c l e u s  o f  

m i c r i t i c  mud, s k e l e t a l  f r a g m e n t ( s ) ,  o r  a c l a s t  o f  some o t h e r  

c a r b o n a t e  ty p e .  The tu b e s  ( t h e  c a l c i f i e d  e n v e lo p e  which s u r 

rounded  t h e  l i v i n g  f i l a m e n t )  a r e  commonly t w i s t e d  and i n t e r 

tw in ed  and grow as c r u s t s  ab ou t  a n u c l e u s .  The s m a l l e r  t u b e s  

a r e  p a r t i c u l a r l y  g i r v a n e l l i d - l i k e  i n  ap p ea ra n c e  w i t h  t h i c k  

w a l l s  and u n i fo rm  tube  d i a m e t e r ,  w hereas  t h e  l a r g e r  tu b e s  

v a g u e ly  ap pea r  to  e x h i b i t  some d eg re e  o f  b r a n c h in g  and th e  

w a l l s  a r e  l e s s  r e g u l a r .  The s t a t e  o f  p r e s e r v a t i o n ,  however ,  

g e n e r a l l y  does n o t  a l low  d e t a i l e d  s t u d y ,  and as H enbes t  (1963, 

p. 37) p o i n t s  o u t :

i t  i s  c h a r a c t e r i s t i c  o f  o sag ean  c o l o n i e s  i n
g e n e r a l  t h a t  few o f  t h e  g i r v a n e l l i d  t u b u l e s
a r e  w e l l  p r e s e r v e d  o r  a r e  even r e c o g n i z a b l e  e x 
c e p t  as r a t h e r  i n d i s t i n c t  t r a c e s  o f  t h e  o r i g i 
n a l  s t r u c t u r e .  The f o s s i l  m a t e r i a l  i s  d a r k ,  
f i n e l y  g r a n u l a r ,  and as Twenhofel  o b s e r v e d ,  
l i m o n i t i c .

The c o l o n i e s ,  h e r e - r e f e r r e d  t o  as o n c o l i t h s ,  v a ry  w id e ly
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i n  s i z e  and shape  from r e l a t i v e l y  s m a l l  n e a r l y  e q u id i m e n s i o n a l  

( n e a r l y  s p h e r i c a l )  m asses  m easu r ing  a p p r o x i m a t e ly  2 cm. x 

1 - 1 / 2  cm. X 1 - 1 / 2  cm. t o  c o n s i d e r a b l y  l a r g e r ,  l e s s  r e g u l a r l y -  

sh ap ed  forms m ea su r in g  up to  ab ou t  10 cm. x 7 cm. x 4 cm.

The r a t i o  o f  a l g a l  c o a t i n g  to  n u c l e u s  i s  h i g h l y  v a r i a b l e .  

Sometimes t h e  n u c l e u s  c o m p r i se s  90% o r  more o f  t h e  o n c o l i t h  

w i t h  o n l y  t h i n  O sag ia  c o a t i n g s  w h i l e  a t  t h e  o t h e r  e x t r e m e ,  

v e r y  s m a l l  c l a s t s  o r  s h e l l  f ragm en ts  may be  so  t h i c k l y  c o a t e d  

t h a t  t h e  a l g a e  com pr ise  90% o f  t h e  o n c o l i t h .  The o r i e n t a t i o n  

o f  t h e  c r o s s - s e c t i o n  th r o u g h  a c o lo n y ,  t o o ,  may have  a s i g n i 

f i c a n t  b e a r i n g  on th e  r e l a t i o n s h i p  o f  O s a g ia  c o a t i n g s  and 

n u c l e u s .  F u r t h e r m o r e ,  w h i l e  t h e  c o a t i n g  i t s e l f  i s  s e e n  to  

c o n t a i n  l a r g e  numbers o f  t u b u l e s  ( o r i g i n a l l y  f i l a m e n t s )  i n  a 

l a y e r e d - e f f e c t , no c l e a r  i n d i v i d u a l  l a y e r ,  c r u s t ,  o r  c o a t  may 

be  t r a c e d  a c r o s s  a co lo n y .  C o r n u s p i r i d  f o r a m i n i f e r s  may 

o c c u r ,  and commonly do ,  w i t h i n  t h e  s t r u c t u r e  o f  O s a g i a , b u t  

s i n c e  t h e y  a r e  n o t  a lways p r e s e n t  th ey  were  a p p a r e n t l y  n o t  

n e c e s s a r y  t o  t h e  c o lo n y .  In  k e ep in g  w i t h  H e n b e s t ,  t h e n ,  t h e  

w r i t e r  a g r e e s  t h a t  su c h  f o r a m i n i f e r s  be t a x o n o m i c a l l y  e x lu d ed  

from t h e  g enus .  H enbes t  r e c o g n i z e d  H e d r a i t e s , A p t e r r i n e l l a , 

and P a l e o n u b e c u l a r i a , w i t h i n  O sag ia  c o l o n i e s  r a n g i n g  from 

M i s s i s s i p p i a n  t o  Perm ian  i n  age.  In  t h e  Morrowan o f  e a s t e r n  

Oklahoma, o n ly  H e d r a i t e s  was i d e n t i f i e d  w i t h  c e r t a i n t y ,  and 

i t  was d e f i n i t e l y  n o t  p r e s e n t  i n  a l l  c a s e s .

Remarks : The term  O sag ia  i s  h e re  a p p l i e d  t o  t h e  b e a n 

s h a p e d ,  p e a - s h a p e d ,  o r  e g g -s h a p e d  a l g a l o i d  m asses  i n  k e ep in g
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w i t h  p a s t  and. c u r r e n t  u sa g e .  H en bes t  f u r t h e r  use s  t h e  terms 

" s m a l l ” and "m inu te"  f o r  O sag ia  c o l o n i e s ,  s u g g e s t i n g  p e rh ap s  

t h a t  b o th  s i z e  and growth  h a b i t  a re  c r i t e r i a  f o r  d i s t i n g u i s h 

in g  t h i s  form from O t t o n o s i a , a n o th e r  a l g a l - f o r a m i n i f e r a l  

c o lo n y  o f  d i f f e r e n t  g rowth  h a b i t .  T here  seems t o  be l i t t l e  

m e r i t  i n  s e p a r a t i n g  s m a l l  p e a - s h a p e d  to  b e a n - sh a p e d  masses 

f rom l a r g e r  e g g -sh ap e d  to  b i s c u i t - s h a p e d  m asse s ,  so s i z e  [and 

t h e r e f o r e  t h e  te rm s " s m a l l "  and " m in u te " )  i s  h e reb y  r e f u t e d  

as  d e s c r i p t i v e  of  t h e  genus [form g e n u s ) .  Only growth  h a b i t  

t h e r e f o r e  i s  u sed  as a d i f f e r e n t i a t i n g  c h a r a c t e r i s t i c ,  O sag ia  

a p p ly in g  t o  c o n c r e t i o n a r y  growths  t h a t  c o m p le te ly  s u r r o u n d  

t h e  n u c l e u s ,  and .O t t o n o s i a  a p p ly in g  to  i n c r u s t a t i o n s  o c c u r 

r i n g  on t h e  to p  s i d e  o f  b o t to m  s u p p o r t s .

Twenhofel  [1919) d e s c r i b e d  O sag ia  as l i m o n i t i c  and b e 

l i e v e d  them to  be th e  rem ains  o f  i r o n - f i x i n g  a l g a e .  Numer

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

some Oklahoma Morrowan o c c u r r e n c e s  have  been  r e p o r t e d  s i n c e ,  

so t h a t  one must  c onc lude  t h a t  th ey  were  n o t  i r o n - f i x i n g  

t y p e s .

O ccurrence  : O sag ia  c o l o n i e s  [ o n c o l i t h s )  a r e  found  most

a b u n d a n t ly  i n  the  upper  s h a l e  p o r t i o n  o f  th e  A lg a l  L imestone  

and S ha le  Member i n  t h e  s t u d i e d  a r e a .  They do o c c u r ,  how

e v e r ,  i n  t h e  main a l g a l  p o r t i o n  o f  t h a t  member as w e l l ;  a l s o  

i n  t h e  o v e r l y i n g  B lack  Sha le  and C a rb o n a te  Member, and even 

i n  t h e  b a s a l  Atoka  c o n g lo m e r a t e s ,  where deve lop ed .  Only 

r a r e l y  in  t h e  s t u d i e d  a r e a  do th ey  o c c u r  below t h e  A lg a l
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Limestone  and Sha le  Member.

W ith in  t h e  m id - c o n t i n e n t  r e g i o n  as a whole Osagia  has 

been r e p o r t e d  from rocks  r a n g in g  from M i s s i s s i p p i a n  t o  P e r 

mian i n  age.

E n v i ro n m e n ta l ly  th ey  app ea r  to  r e p r e s e n t  very  sh a l lo w  

w a te r  r an g in g  c o n c e iv a b ly  from s u b t i d a l  ( w i th in  the  a c t i v e  

w ave-b reak  zone a t  l e a s t  o c c a s i o n a l l y )  to  i n t e r t i d a l  and p e r 

haps  i n  some c a s e s ,  s u p e r - t i d a l .

Form Genus O t t o n o s i a  Twenhofel

Type S p e c ie s :  O t t o n o s i a  l a m i n a t a  Twenhofe l ,  1919
P I .  12, f i g .  A-F

O t t o n o s i a  l a m i n a t a  Twenhofel  (1 919 ,p. 348-350, t e x t  - f i g .  3) 
O t t o n o s i a  l a m i n a t a  Twenhofel  ( Johnson ,  1946, p i .  4, f i g .  6,

p i .  5, f i g s .  1-4)
O t t o n o s i a  l a m i n a t a  Twenhofel emend. (H enbes t ,  1963, p .  37)

D ia g n os is  : F o l i a t e  to  c r u s t - l i k e ,  l a m in a te d  to  d i g i t a t e

a l g a l o i d  masses e n c r u s t i n g  to p s  (and s i d e s )  o f  bottom s u p p o r t s  

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

f o r a m i n i f e r s .

The tu b e s  ( c a l c i f i e d  e n v e lop es  which e n c r u s t e d  th e  o r i g i 

n a l  l i v i n g  f i l a m e n t )  a re  o f  two t y p e s ;  a s m a l l e r  more t y p i 

c a l l y  g i r v a n e l l i d - t y p e  tube  w i th  u n i fo rm  tube  d ia m e te r  and 

t h i c k  w a l l ;  and a l a r g e r  form which i s  l e s s  un i fo rm  and l e s s  

r e g u l a r .  The s t a t e  o f  p r e s e r v a t i o n  p r e v e n t s  more d e t a i l e d  

d e s c r i p t i o n .  The tubes  a re  commonly i n t e r - t w i n e d  and t w i s t e d  

and form a l a y e r e d - e f f e c t  though no s i n g l e  l a y e r  can be 

t r a c e d  a c r o s s  a co lony .

A somewhat u n u su a l  o c c u r re n c e  has been found i n  the
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s t u d i e d  a r e a ,  s p e c i f i c a l l y  a t  M.S. 2, M.S. 3, M.S. 10, M.S. 

18 ,  and i n  some o f  th e  numerous c o re s  examined.  In  t h i s  case  

t h e  more u s u a l  c r u s t o s e  form g iv e s  way t o  a d i g i t a t e  o r  p l u 

mose h a b i t  i n  which  th e  i n d i v i d u a l  tu b e s  b e g in  to  r i s e  up i n  

s m a l l  bumps r a t h e r  th an  l a y  f l a t .  S u c c e s s iv e  tu b e s  m a i n t a i n  

t h e  e f f e c t  r e s u l t i n g  i n  c y l i n d e r - l i k e  p r o j e c t i o n s  sometimes 

e x t e n d in g  3-4  cm. above t h e  more t y p i c a l  c r u s t - l i k e  h a b i t  b e 

low. Between th e  f i n g e r - l i k e  p r o j e c t i o n s  a r e  found  v a r i o u s  

k in d s  o f  b i o c l a s t i c  d e b r i s ,  m i c r i t i c  mud, q u a r t z  s a n d ,  or  

s i l t ,  o r  c l a y .  The cause  f o r  change i n  growth h a b i t  from 

c r u s t o s e  to  d i g i t a t e  i s  n o t  d e te rm in e d  b u t  must  c e r t a i n l y  be 

r e l a t e d  t o  some s l i g h t  e n v i r o n m e n ta l  d i f f e r e n c e .

The c o r n u s p i r i d  f o r a m i n i f e r s ,  w h i l e  commonly p r e s e n t ,  

a r e  n o t  always i n v o lv e d  i n  th e  c o lo n y .  H e d r a i t e s  has been 

commonly o b s e r v e d  i n  Morrowan c o l o n i e s  b u t  i s  n o t  always p r e 

s e n t .  Henbes t  (1963) has i d e n t i f i e d  s e v e r a l  o t h e r  g e n e ra  b u t  

h i s  samples r an g e d  from M i s s i s s i p p i a n  to  Permian  i n  age.

Remarks : O t t o n o s i a  i s  a form name a p p l i e d  t o  an a l g a l -

f o r a m i n i f e r a l  co lon y  which  r e p r e s e n t s  an e n v i r o n m e n t a l l y  

s e p a r a t e  growth form from O s a g i a . The l a t t e r  i s  a c o n c r e 

t i o n a r y  e n c r u s t a t i o n  c o m p le te ly  s u r r o u n d i n g  a n u c le u s  w h i le  

O t t o n o s i a  r e p r e s e n t s  an e n c r u s t a t i o n  ove r  th e  top  (and s i d e s )  

o f  f i r m l y  a t t a c h e d  bo t tom  s u p p o r t s .  In  some c a s e s  O sag ia  

c o l o n i e s  o r  o n c o l i t h s  may be "cem ented  t o g e t h e r "  by f u r t h e r  

e n c r u s t a t i o n  and th e  s e v e r a l  O sag ia  c o l o n i e s  g iv e  r i s e  to  a 

s i n g l e  c r u s t  o r  mass o f  O t t o n o s i a . The d i f f e r e n c e  i n  h a b i t
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seems t o  be e c o l o g i c a l l y  s i g n i f i c a n t .  On th e  one hand the  

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

as  i n  t h e  case  o f  O s a g i a , and on t h e  o t h e r  hand t h e  c o lo n i e s  

were  se em in g ly  s t a b l e  and ou t  of  tlie  wave zone,  as i n  

O t t o n o s i a .

T h is  c o u ld  be e x p l a i n e d  by e i t h e r  a p r o t e c t i v e  b a r r i e r  

w hich  s e p a r a t e d  th e  b r e a k i n g  waves from t h e  c o lo n i e s  o r  by 

d e e p e r  w a te r  w h e re in  t h e  c o lo n i e s  l i v e d  j u s t  below e f f e c t i v e  

wave b a s e .  There  i s  e v id e n ce  t h a t  w i l l  s u p p o r t  b o th  i d e a s ,  

so a co m bin a t ion  o f  t h e  two i s  s u g g e s t e d .

O ccu r ren ce  : O t t o n o s i a  o c c u rs  w i t h i n  t h e  main a l g a l  p o r 

t i o n  o f  th e  A lg a l  L im estone  and S h a le  Member most commonly 

though i t  i s  f a i r l y  abundant  i n  t h e  s h a l e  p o r t i o n  o f  th e  same 

member i n  M.S. 3, M.S. 10, and M.S. 18. I t  was n o t  o b se rv ed  

i n  any o t h e r  member o f  t h e  Morrowan.

S t r a t i g r a p h i c a l l y  i t  has  been  r e p o r t e d  from ro c k s  r a n g 

in g  i n  age from M i s s i s s i p p i a n  to  Permian .

Phylum C hlo ro p hy co ph y ta  P a p e n fu s s  1946

C lass  C h lo ro p hy cease  K utz ing  1843

Order  D a s y c la d a l e s  P a s c h e r  1931

Fam ily  D asyc ladaceae  Kutz ing  o r t h .  mut. S t i z e n b e r g e r  1860

Genus A gen,  nov. K o t i l a

Type S p e c i e s :  Genus A s p e c i e s  A K o t i l a  
P I .  14,  f i g .  A-F; p i .  15,  f i g .  A-F.

D ia g n o s i s  : T h a l lu s  s m a l l ,  unsegm ented ,  u n b ra n c h in g ,

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

a t t a c h e d  a t  b a se  to  s u b s t r a t e ,  o t h e r  a l g a e ,  o t h e r  s k e l e t a l
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PLATE 12

O t t o n o s i a  l a m i n a t a  T w enhofe l ,  1919

A. D i g i t a t e - t y p e  mass o f  O t t o n o s i a  f rom M.S. 3, u n i t  19. 
U n i t s  t o  r i g h t  a r e  c e n t i m e t e r s .  At b o t to m  o f  s l a b ,  
s m a l l e r  o v o id  O sag ia  o n c o l i t h s  may be o b se rv e d .

B. T h in  s e c t i o n  v iew o f  t h r e e  o f  t h e  f i n g e r - l i k e  p r o j e c t i o n s  
o f  d i g i t a t e  O t t o n o s i a . T .S .  687, M.S. 3,  u n i t  19, x 20.

C. E n la rg em en t  o f  A. showing d i g i t a t e  h a b i t  o f  O t t o n o s i a . 
Small  u n i t s  t o  r i g h t  a r e  m i l l i m e t e r s .

D. E n la r g e d  v iew  o f  B. showing two f i n g e r - l i k e  p r o j e c t i o n s .  
The two t y p i c a l  g i r v a n e l l i d  t u b e - t y p e s  a r e  p r e s e n t  a l s o ,  
t h e  l a r g e r  medium-gray c o l o r e d  w i t h  dense  i n d i s t i n c t  
w a l l s  and th e  s m a l l e r  b l a c k  t u b u l e s  w i t h  w e l l - d e f i n e d  
w a l l s .  S e v e r a l  c o r n u s p i r i d  f o r a m i n i f e r s  [H e d r a i t e s ] a re  
p r e s e n t  and t e n d  t o  be v e ry  w h i t i s h  i n  a p p e a ra n c e .  T .S .  
687. X 40.

E. E n la rg em en t  o f  B. and D . , showing p r i m a r i l y  th e  l a r g e r  
t u b e s  a s s o c i a t e d  w i t h  t h i s  ty p e  o f  a l g a l  f o r a m i n i f e r a l  
c o lo n y .  A co u p le  o f  th e  s m a l l e r  t u b e - t y p e s  a re  p r e s e n t  
i n  t h e  lo w e r  m id d le  o f  t h e  p i c t u r e .  T .S .  687. x 70,

F. View o f  two d i g i t a t e  masses o f  O t t o n o s i a  s e e n  i n  t h i n  
s e c t i o n  c u t  p a r a l l e l  to  b e d d in g  and p e r p e n d i c u l a r  to  th e  
p r o j e c t i o n s .  Both tu b e  ty p e s  can c l e a r l y  be se e n .  Some 
w h i t e  a p p e a r in g  f o r a m i n i f e r s  a re  p r e s e n t  i n  t h e  upper  
l e f t .
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PLATE 13

O sag ia  i n c r u s t a t a  Twenhofe l ,  1919

A. Hand sample  o f  o n c o l i t h  bed (O s a g ia ) c o l l e c t e d  from M.S.
2 u n i t  12. Note d i v e r s e  s i z e s  and shapes  o f  c o l o n i e s .  
U n i t s  a t  r i g h t  a re  c e n t i m e t e r s .

B. E tc h ed  s l a b  o f  O sag ia  o n c o l i t h s  p e r p e n d i c u l a r  to  bedding  
from M.S. 3, u n i t  17.

C. O sag ia  o n c o l i t h s  from u n i t  9, M.S. 16. L a rg e r  d i v i s i o n s  
a t  r i g h t  a r e  i n c h e s ,  s m a l l e r  a re  c e n t i m e t e r s .

D. T h in  s e c t i o n  view o f  B. T .S .  685, M.S. 3, u n i t  17. x 40. 
White p o r c e l l a n o u s  f e a t u r e s  a re  t h e  c o r n u s p i r i d  f o r a m i 
n i f e r  H e d ra i  t e s .

E. P o l i s h e d  s l a b  o f  O sag ia  o n c o l i t h s  from M.S. 16, u n i t  9.

F. S i n g l e ,  c u t  and p o l i s h e d  o n c o l i t h  from M.S. 3, u n i t  12C. 
Both O sag ia  and Cuneiphycus a r e  p r e s e n t .  The long d i a -  
m e te r  i s  5 c e n t i m e t e r s .
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d e t r i t u s ,  o r  t o  p a r t i c u l a t e  se d im e n t .  The t h i c k  c e n t r a l  s tem 

i s  r e p r e s e n t e d  o n ly  by ro ck  d e b r i s ,  u s u a l l y  r e c r y s t a l l i z e d ,  

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

p r e s e r v e d  ( o f t e n  r e c r y s t a l l i z e d  to  m ic r o s p a r ,  d e s t r o y i n g  th e  

s t r u c t u r e )  c o n s i s t s  o f  s im p le  n o n - b i f u r c a t i n g  r a d i a l  r ay s  o r  

b ra n c h e s  (p r im ary  b ra n c h e s )  t h a t  r a d i a t e  o u t  from t h e  c e n t r a l  

s tem i n  r e g u l a r  w hor ls  l i k e  t h e  spokes  o f  a w hee l .  The b r a n 

ches a r e  r em a rk ab ly  u n i fo rm  i n  s i z e  ( d ia m e te r  and l e n g t h )  and 

e x te n d  o u t  p e r p e n d i c u l a r  t o  t h e  c e n t r a l  s tem. D asyc lads  a re  

g e n e r a l l y  a t t a c h e d  to  th e  s u b s t r a t e  by s im p le  r h i z o i d s  or  

h o l d - f a s t s ,  b u t  t h e s e  were n o t  o b se rv ed .  S p o ra n g ia  were n o t  

o b s e r v e d ,  b u t  p r o b a b ly  were d e v e lo p ed  w i t h i n  t h e  c e n t r a l  s tem.

The t h a l l u s  i s  m in u te ,  m ea su r in g  1 to  5 m i l l i m e t e r s  in  

l e n g t h  and 0 .3  to  1 m i l l i m e t e r  (325-1000 m ic ro n s )  i n  d i a m e te r .  

A ccord ing  to  Johnson  (1961, p .  1 1 7 ) ,  " F o s s i l  d a s y c l a d s  show 

a g r e a t  range  i n  s i z e  from s m a l l e r  t h a n  an a v e ra g e  p i n  head  

to  more th an  18 in c h e s  in  l e n g t h . "  New Genus A f a l l s  i n t o  

t h e  lo w er  p a r t  o f  t h i s  r a n g e .  The c e n t r a l  s tem ran g e s  in  

t h i c k n e s s  from 150 t o  600 m icrons  and th e  p r im a ry  b ra n c h e s  

a re  v e r y  n a r ro w ,  th e  d i a m e te r  (o r  t h i c k n e s s )  r a n g in g  between 

5 and 12 m ic ro n s .  F ig u r e  3 i s  a r e c o n s t r u c t i o n  o f  th e  a lg a .

C a l c i f i c a t i o n : As i n  a l l  f o s s i l  fo rm s ,  th e  t h a l l u s  i s

g e n e r a l l y  c a l c i f i e d .  F ine  p a r t i c l e s  o f  c a lc iu m  c a r b o n a t e  a re  

p r e c i p i t a t e d  as a c r u s t  a round  th e  c e n t r a l  s tem and p r im a ry  

b r a n c h e s ,  so t h a t  t h e  f o s s i l s  c o n s i s t  o f  c a l c a r e o u s  molds o f  

th e  s tem and b r a n c h e s .  The c e n t r a l  stem a p p ea rs  as sm a l l
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c y l i n d e r s  w h i l e  th e  p r i m a r y  b r a n c h e s  appear  as r a d i a t i n g  

t u b e s .

Remarks : T h is  new a l g a  s t r o n g l y  re sem b les  s e v e r a l  o t h e r

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

U r a l o p o r e l l a  Korde. I t  d i f f e r s  from A n t h r a c o p o r e l l a  i n  t h a t  

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

h a v in g  s im p le  n o n ^ b i f u r c a t i n g  r o d - l i k e  ray s  w h i l e  A n th ra c o 

p o r e l l a  p o s s e s s e s  " s im p le  b i f u r c a t i n g  rays  o f  n e a r l y  u n i fo rm  

t h i c k n e s s  s e t  p e r p e n d i c u l a r  t o  th e  c e n t r a l  stem" (Bebout and 

Coogan, 1964,  p .  1094) .  I t  d i f f e r s  from U r a l o p o r e l l a  i n  

b e in g  unsegm ented .  U r a l o p o r e l l a , l i k e  A n t h r a c o p o r e l l a , has 

b i f u r c a t i n g  r a y s  g i v i n g  r i s e  to  t u f t s  o f  s e co n d a ry  b r a n c h e s .  

Johnson  [1963) s u g g e s t s ,  however ,  t h a t  i t  m ight  be e x t r e m e ly  

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

o t h e r  s i m i l a r  d a s y c l a d a c e a n  a lg a e  as t h e  d e s c r i p t i o n  (by 

Korde) was v e ry  s k e t c h y  and a p p a r e n t l y  based  on i n a d e q u a te  

m a t e r i a l .  S in c e  U r a l o p o r e l l a  i s  segm ented ,  i t  a p p e a r s  t h a t  

t h i s  c r i t e r i o n  i s  t h e  b e s t  f o r  s e p a r a t i n g  i t  from th e  p r e 

s e n t  new form.

E c o l o g y : The new Genus A seems t o  be r e l a t i v e l y  r e 

s t r i c t e d  i n  o c c u r r e n c e .  I t  i s  found  a s s o c i a t e d  w i th  t h e  more 

m i c r i t i c  f a c i e s  o f  th e  a l g a l  b a n k s ,  and w i th  t h e  l o c a l  b u i l d 

ups o r  a l g a l  mounds. I t s  o c c u r r e n c e  and r e l a t i o n s h i p s  to  

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

l i v e d  i n  s h a l lo w  w a t e r ,  p ro b ab ly ,  s u b t i d a l  j u s t  below t h e  

ave rage  wave b a s e ,  o r  i n  b a c k -b a n k  q u i e t  p o o l s  o r  lagoons  o r
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a long  t h e  f l a n k s  o f  a l g a l  mounds. I t  m igh t  compare f a v o r a b l y  

t o  t h e  modern o c c u r r e n c e  of  some s p e c i e s  o f  H a l im sd a , P e n i - 

c i l l u s , o r  A c e t a b u l a r i a .

Genus A S p e c ie s  A, n o v .

D ia g n o s i s  : T h a l l u s  i s  s m a l l ,  u n b ran c h in g ,  unsegm ented ,

c y l i n d r i c a l ,  s l e n d e r  and t a p e r i n g  a t  th e  b a se .  The t h i c k  

c e n t r a l  s tem i s  n o t  p r e s e r v e d  b u t  r e p r e s e n t e d  by i n f i l l i n g  

o f  ro c k  m a t r i x ,  o f t e n  r e c r y s t a l l i z e d .  The o u t e r  l a y e r  i s  

t h i n n e r ,  c a l c i f i e d ,  and c o n s i s t s  o f  s im p le ,  n o n - b i f u r c a t i n g ,  

r a d i a t i n g  b ra n c h e s  o r  r a y s  o f  un i fo rm  t h i c k n e s s  which e x te n d  

o u t  p e r p e n d i c u l a r  t o  th e  c e n t r a l  s tem. The p l a n t  was a t t a c h e d  

t o  p a r t i c u l a t e  m a t t e r  on th e  bo t tom  o r  o t h e r  s k e l e t a l  d e b r i s .

The p l a n t s  range  from s l i g h t l y  l e s s  th a n  1 mm. i n  l e n g t h  

t o  some o v e r  5 mm. lo n g .  The average  i s  abou t  2 .5  mm. While 

t h e  maximum d ia m e te r  r a n g e s  w id e ly  from 300 m icrons  t o  1000 

m ic r o n s ,  most  a re  i n  th e  400-600 micron  range  and t h e  av erage  

i s  abou t  520 m ic ro n s .  The t h i c k  c e n t r a l  s tem a v e ra g e s  abou t  

300-325 m ic rons  t h i c k  and t h e  t h i n n e r  o u t e r  l a y e r  av e rag e s  

about  125 m ic rons  t h i c k .  The p r im a ry  b ran c h  d i a m e t e r  i s  u n i 

fo rm ly  5-12 m ic ro n s .

Tab le  8: Summary o f  D im ens iona l  Data  - New Genus A K o t i l a

T h a l lu s  T h a l lu s  c e n t r a l  s tem b ra n c h  
l e n g t h  d i a m e te r  d i a m e te r  t h i c k n e s s

Min.-Max. 1500-5000 325-1000 150-600 5 -1 2 .5
Mean 2914 521 328 8
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Occurrence  : Genus A S p e c ie s  A, n o v . , i s  r e l a t i v e l y

l i m i t e d ,  s t r a t i g r a p h i c a l l y , g e o g r a p h i c a l l y ,  and env ironm en

t a l l y .  S t r a t i g r a p h i c a l l y  i t  has  on ly  been  found i n  th e  A lg a l  

Limestone and S h a le  Member and the  Mixed C arbonate  and Shale  

Member. G e o g r a p h i c a l l y  i t  i s  found on ly  i n  th e  s o u th w e s t e rn  

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

bank deve lopm ent .  E n v i r o n m e n ta l ly ,  i t  a p p a r e n t l y  t h r i v e s  i n  

sh a l lo w  w a t e r  f rom s u b t i d a l  to  i n t e r t i d a l  b u t  i n  p r o t e c t e d  

a r e a s  g e n e r a l l y  away from h ig h  energy  w a v e -b re ak in g  a r e a s .

I t  i s  commonly a s s o c i a t e d  w i t h  a l g a l  mounds and u s u a l l y  a long 

th e  mound f l a n k s ,  n o t  to p  o r  b a s e .  I t  has  been  found i n  th e  

Mixed Carbona te  and Sha le  Member f l a n k i n g  a l g a l  mounds as a t  

M.S. 11, u n i t  8, and as t h e  main c o n s t i t u e n t  i n  g r a i n -  

s u p p o r t e d ,  rew orked ,  and o f t e n  r e c r y s t a l l i z e d  a l g a l  b io -  

s p a r i t e s - b i o s p a r u d i t e s . Rowland a p p a r e n t l y  n o t i c e d  th e  p r e 

sence  o f  t h i s  form i n  some o f  h i s  s e c t i o n s  b u t  he  i d e n t i f i e d  

i t  t e n t a t i v e l y  as A n t h r a c o p o r e l l a . For  d im e n s io n a l  d a t a ,  see  

Table  8.

The known g e o l o g i c  range  o f  t h i s  a lg a  i s  Morrowan.
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PLATE 14 

Genus A K o t i l a

A. T r a n s v e r s e  s e c t i o n  ( s l i g h t l y  o b l iq u e )  o f  one d a s y c l a d a -  
cean a l g a  (Genus A ) . Note s im p le ,  r a d i a t i n g ,  r o d - l i k e  
b ra n c h e s  a long  o u t e r  m arg in .  C e n t r a l  a r e a  r e c r y s t a l l i z e d .  
T . S. A-163,  M.S. 6, u n i t  16, x 125.

B. T r a n s v e r s e  s e c t i o n  o f  two d a s y c l a d a c e a n s . The t h i c k  cen 
t r a l  s tem c l e a r l y  se en  on l e f t  t h a l l u s  b u t  d e s t r o y e d  
th ro u g h  r e c r y s t a l l i z a t i o n  i n  t h a l l u s  a t  r i g h t .  T .S.
A-12S, M.S. 11, u n i t  8, x 60.

C. T r a n s v e r s e  s e c t i o n  o f  d a s y c l a d a c e a n  a l g a .  H in t  o f  r a d i a 
t i n g  b r a n c h e s  can be s e e n  a long bo t tom  m arg in  b u t  most 
have  been  d e s t r o y e d  th ro u g h  r e c r y s t a l l i z a t i o n .  T .S.
A-123, M.S. 11, u n i t  8, x  125.

D. T r a n s v e r s e  s e c t i o n  o f  d a s y c l a d a c e a n  a l g a ,  showing t h i c k  
c e n t r a l  s tem and h i n t  o f  s im p le ,  r a d i a t i n g ,  r o d - l i k e  r a y s  
o r  b r a n c h e s .  T .S .  A-123,  M.S. 11 ,  u n i t  8, x 60.

E. T r a n s v e r s e  s e c t i o n  o f  d a s y c l a d a c e a n  a l g a  from same t h i n  
s e c t i o n  as B. H in t s  o f  s im p le  b r a n c h e s  may be seen  a long 
m a r g in s ,  e s p e c i a l l y  a long  th e  bo t to m  and l e f t  s i d e .
T .S .  A-123,  M.S. 11,  u n i t  8, x 70.

F. T r a n s v e r s e  s e c t i o n  th ro u g h  s e v e r a l  d a s y c l a d a c e a n s ;  one 
n e a r  m id d le  showing t r a c e s  o f  c e n t r a l  s t r u c t u r e s .  T .S. 
A-124,  M.S. 11, u n i t  8, x  22.
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PLATE 15 

Genus A K o t i l a

A. E tc h ed  s l a b  o f  l im e s t o n e  c o n t a i n i n g  hundreds  o f  minute  
d a s y c l a d a c e a n  a l g a e .  Penny i n d i c a t e s  s c a l e .  Sample from 
M.S. 3, u n i t  12 A.

B. Thin  s e c t i o n  o f  s e v e r a l  r e c r y s t a l l i z e d  d a s y c l a d a c e a n  
a l g a e ,  some o b l i q u e ,  most t r a n s v e r s e .  T h ick  c e n t r a l  s tem 
s t i l l  p r e s e r v e d  i n  a few su c h  as lower  r i g h t .  T .S .  A-124, 
M.S. 11,  u n i t  8, X 10.

C. Thin  s e c t i o n  o f  s e v e r a l  d a s y c l a d a c e a n  a l g a e ,  some l o n g i 
t u d i n a l ,  most  o b l i q u e .  C e n t r a l  stem e v i d e n t  i n  s e v e r a l ,  
e s p e c i a l l y  th e  l o n g e s t  t h a l l u s  n e a r  m id d le .  T .S .  A-163, 
M.S. 6, u n i t  16, x 15.

D. T h in  s e c t i o n  o f  numerous d a s y c l a d a c e a n  a l g a e ,  some l o n g i 
t u d i n a l ,  some o b l i q u e ,  and some t r a n s v e r s e .  T h ic k  cen 
t r a l  stem p r e s e r v e d  i n  some, e s p e c i a l l y  a long  bo t tom  o f  
p h o t o .  T .S .  A-136,  M.S. 6 ,  u n i t  16, x 10.

E. L o n g i t u d i n a l  and t r a n s v e r s e  s e c t i o n s  o f  s e v e r a l  d a s y c l a d a 
c e a n s ,  some t r a p p e d  be tw een  t h r e a d - l i k e  b r a n c h e s  o f  
C u n e ip h ycus . T .S .  A-130, M.S. 12, u n i t  8 H, x 10. Note 
t h i c k  c e n t r a l  s tem on th o s e  n o t  t o t a l l y  r e c r y s t a l l i z e d .

F. L o n g i t u d i n a l ,  o b l i q u e ,  and t r a n s v e r s e  s e c t i o n s  o f  s e v e r a l  
d a s y c l a d a c e a n s .  R e c r y s t a l l i z a t i o n  has d e s t r o y e d  most o f  
t h e  i n t e r n a l  s t r u c t u r e .  T .S .  A-125, M.S. 11,  u n i t  8,
X  10.
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PALEOECOLOGY AND ENVIRONMENT OF DEPOSITION

T his  p a p e r  fo c u s e s  p r i m a r i l y  on th e  a l g a l  f a c i e s  and 

o n ly  t h a t  p o r t i o n  o f  the  Morrow Form ation  i s  t r e a t e d  h e r e .

For  i n f o r m a t i o n  on th e  env ironm en t  o f  d e p o s i t i o n  o f  o t h e r  

p a r t s  o f  th e  Morrow Form ation  i n  n o r t h e a s t e r n  Oklahoma, p l e a s e  

r e f e r  t o  Rowland [1970) .

The env ironm ent  o f  d e p o s i t i o n  t h r o u g h o u t  t h e  d e p o s i t i o n a l  

h i s t o r y  o f  t h e  A lg a l  L im estone  and Sha le  Member seems t o  i n d i 

c a t e  s h a l lo w ,  n e a r - s h o r e  to  i n t e r t i d a l  to  even s u p e r - t i d a l  

c o n d i t i o n s .  The ty p es  o f  a l g a e ,  t h e  growth  h a b i t s  o f  t h e  a l 

g a e ,  t h e  p r e s e n c e  and d i s t r i b u t i o n  o f  s h r i n k a g e  c ra c k s  amongst 

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

v a l  a l l  seem to  s u p p o r t  t h i s  v iew. The p r e s e n c e  o f  d i s t i n c t  

mudcracks in  m i c r i t i c  l im e s t o n e s  w i t h i n  t h i s  same s t r a t i 

g r a p h i e  i n t e r v a l  and th e  abundance o f  a l g a l  o n c o l i t h s  add 

f u r t h e r  ev id e n ce  f a v o r i n g  t h i s  s u g g e s t i o n .

The p r e s e n c e  o f  a l g a l  b i o l i t h i t e s  i n  t h i c k  b u i l d u p s  in  

th e  s o u th w e s t e rn  p a r t  o f  t h e  s t u d i e d  a r e a  a re  i n t e r p r e t e d  as 

a l g a l  bank  development .  T h is  would i n c l u d e  M.S. 1,  2, 3, 4,

5, 7, 12, 13 and measured s e c t i o n s  33, 35, 36, and 40 and c o re s  

80, 81, 82, and 84 o f  Rowland [1970) .

The ev id e n ce  found w i t h i n  t h e s e  s e c t i o n s  s u g g e s t  t h a t

93
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t h e  a l g a l  deve lopm ents  r e p r e s e n t  m ound- l ike  o r  b a r - l i k e  s t r u c 

t u r e s  r i s i n g  above t h e  s u r r o u n d in g  s u b s t r a t e  p e rh a p s  t o  th e  

e x t e n t  o f  from two to  s i x  f e e t  and s e r v i n g  as a mechanism f o r  

en t ra p m e n t  o f  s e d im en ts  o f  s e v e r a l  t y p es  a l t h o u g h  m i c r i t i c  

c a r b o n a t e  muds p re d o m in a te .  . In  some c a se s  th e  s t r u c t u r e s  

b o r d e r  sm a l l  r e e f  s t r u c t u r e s  and abundant  i n f o r m a t i o n  s u g 

g e s t s  th e y  were i n  p a r t ,  a t  l e a s t ,  w a v e - r e s i s t a n t  s t r u c t u r e s .  

In  modern s i t u a t i o n s  c o r a l l i n e  r e d  a lg a e  t h r i v e  on th e  m ar 

g i n s  o f  banks i n  b a c k - r e e f  a r e a s  and a long r e e f  m arg ins  i n  

th e  w av e -b re ak  zone - i . e .  G o n i o l i t h o n . P o r o l i t h o n , L i th o p h y - 

l l u m , e t c .  G insburg  (1971) and Adey (1973, p e r s o n a l  communi

c a t i o n )  b e l i e v e  t h a t  modern c r u s t o s e  c o r a l l i n e  a lg a e  r e f l e c t  

t h e  maximum wave s u r g e  zone.  A rc h a e o l i t h o p h y l lu m  la m e l lo su m , 

a c r u s t o s e  r e d  a l g a ,  r e f l e c t s  a s i m i l a r  e n v i ro n m e n t ,  i n  the  

o p i n io n  o f  th e  w r i t e r .  T h is  a lg a  has  been  o b s e r v e d  i n  t h i n  

s e c t i o n  to  e n c r u s t  b r y o z o a n s ,  sp o n g e s ,  s o l i t a r y  and c o l o n i a l  

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

a l g a e ,  e s p e c i a l l y  O sag ia  and O t t o n o s i a , and c o a r s e  b i o c l a s t i c  

s e d im e n t  o f  mixed ty p e s  as w e l l  as f i n e r  m i c r i t i c  s e d im e n t .  

Modern c r u s t o s e  r e d  a lg a e  may be o b se rv e d  e n c r u s t i n g  th e  same 

p a r t i c l e s  i n  th e  F l o r i d a  Keys r e e f  t r a c t ,  l a g o o n a l  p a t c h  

r e e f s ,  and back  r e e f  bank e d g e s ,  i n  th e  h i g h e r  e n e rg y  e n 

v i ro n m e n ts  o f  F l o r i d a  Bay n e a r  t i d a l  i n l e t s ,  and i n  t h e  same 

r e e f  and back  r e e f  a s s o c i a t i o n s  a t  S t .  C r o ix ,  U.S. V i r g i n  

I s l a n d s .

Cuneiphycus t e x a n a  o c c u r s  unbroken and u n ab ra d ed  i n
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s e v e r a l  c a r b o n a t e  t e x t u r a l  m a t r i c e s  from m i c r i t e ,  i t s  most 

common a s s o c i a t i o n ,  to  c o a r s e  b i o c l a s t i c ,  s p a r - c e m e n te d  t e x 

t u r e s .  Most f r e q u e n t l y  i t  i s  found  i n  a m i c r i t e  m a t r i x  b u t  

commonly i s  o b se rv e d  u n b ro k en ,  i n  a s i l t - t o - s a n d  s i z e d  m a t r i x  

o f  b i o c l a s t i c  d e b r i s ,  th e  p a r t i c l e s  o f  which a re  u s u a l l y  

r o u n d e d ,  w e l l - s o r t e d ,  and s u g g e s t  d e p o s i t i o n  by waves o r  c u r 

r e n t s  i n  a m o d e r a te l y  e n e r g e t i c  env iro n m en t .  Commonly i n  th e  

m i c r i t i c  a s s o c i a t i o n  i t  i s  o b s e r v e d  to  have i t s  s l e n d e r  

b r a n c h e s  e x te n d e d  h o r i z o n t a l l y  f o r  some d i s t a n c e  (up to  a few 

c e n t i m e t e r s ) , t h e n  g iv e  r i s e  t o  a n o t h e r  p l a n t  which r i s e s  

v e r t i c a l l y  t o  a h i g h e r  l e v e l  and e x h i b i t s  s i m i l a r  h o r i z o n t a l  

b r a n c h i n g .  See P l a t e  10, f i g .  A. T h is  p ro d uces  a d i s t i n c t  

l a y e r e d  e f f e c t  w i t h  s l e n d e r  h o r i z o n t a l  b ra n c h e s  of  Cuneiphy

cus a l t e r n a t i n g  w i t h  l a y e r s  o f  m i c r i t e .  C u n e ip h y c u s , t h e n ,  

p r o v i d e s  a b a f f l e  f o r  th e  s e t t l i n g  o u t  o f  f i n e  c a r b o n a t e  mud 

and a l s o  b in d s  t h e  sed im e n t  down w i t h  i t s  p e c u l i a r  h o r i z o n 

t a l l y  b r a n c h i n g .  J a n i a  and Amphiroa p r o b a b ly  occupy s i m i l a r  

e c o l o g i c a l  h a b i t a t s  i n  modern e n v i r o n m e n t s ,  and t h e  g r o s s  

forms o f  t h e s e  p l a n t s  [ s m a l l , b u sh y ,  w i t h  s l e n d e r  e lo n g a t e  

b r a n c h e s )  p r o b a b l y  re sem b le  t h a t  o f  C u n e ip h y c u s .

The n o n - c r u s t o s e  A r c h a e o l i t h o p h y l lu m  m i s s o u r i e n s i s  i s  

b e l i e v e d  t o  have l i v e d  f r e e  on t h e  b o t to m  o r  a t t a c h e d  to  i t  

(Wray, 1964, p .  7) much as some o f  th e  modern s p e c i e s  of  

L i th o p h y l lu m  and G o n i o l i t h o n . The im p o r tan c e  o f  l e a f - l i k e  

a l g a e ,  such  as A r c h a e o l i t h o p h y l l u m , i n  th e  deve lopm ent  of  

c a r b o n a t e  banks i n  th e  L ans ing  Group o f  s o u t h e a s t e r n  Kansas
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was f u l l y  d i s c u s s e d  by Harbaugh [1959, 1960, 1962, 1963).

They l o c a l i z e d  th e  d e p o s i t i o n  o f  c a r b o n a t e  sed im e n t  th ro u g h

t h e  mechanism o f  t r a p p i n g  and b in d in g  f i n e  c a r b o n a te  mud.

S i m i l a r  i n f l u e n c e s  i n  th e  developm ent  o f  a l g a l  c a r b o n a t e

f a c i e s  have been  r e p o r t e d  f o r  o t h e r  l e a f l i k e  a lg a e  o f

P e n n s y l v a n ia n  a g e ,  i . e .  I v a n o v i a  i n  th e  Desmoihesean o f  Utah.

(P ray  and Wray, 1963) and Eugonophyllum i n  V i r g i l i a n  rocks  o f

New Mexico (K on ish i  and Wray, 1961; Wray, 1962) .  According  to

Wray (1964,  pp. 1 1 - 1 2 ) ,

C arbona te  f a c i e s  c o n t a i n i n g  l e a f l i k e  a l g a l  r e 
mains a re  now g e n e r a l l y  known to  be w id e sp re a d  
and common th r o u g h o u t  m ar ine  s t r a t a  o f  P e n n s y l 
v a n ia n  and e a r l y  Perm ian  ages .  S ince  t h e s e  
a lg a e  had th e  p o t e n t i a l  c a p a c i t y  to  deve lop  
p o ro u s  f a c i e s  o f  b o t h  b ioh e r raa l  and b i o s t r o m a l  
c h a r a c t e r ,  t h e i r  p r o p e r  r e c o g n i t i o n  and i n t e r 
p r e t a t i o n  may p r o v i d e  an i m p o r t a n t  c lu e  i n  th e  
e x p l o r a t i o n  f o r  p e t r o l e u m  r e s e r v o i r s  i n  c a r b o n 
a t e  r o c k s .

The common o c c u r r e n c e  w i t h i n  t h e s e  a l g a l  banks o f  the  

c o l o n i a l  an th o zo ans  L i t h o s t r o t i o n e l l a  and C h a e t e t e s  and 

s e v e r a l  s o l i t a r y  forms b e a r  a s t r i k i n g  s i m i l a r i t y  to  th e  

o c c u r r e n c e  o f  S i d e r a s t r e a , C l a d o c o r a , O c u l i n a , and M a n ic in ia  

on th e  f l a n k s  o f  modern a l g a l  banks such  as th o s e  a t  Rodr iguez  

and T a v e r n i e r  Keys.

Lenses  o f  c o a r s e  b i o c l a s t i c  d e b r i s  a r e  commonly p r e s e n t  

w i t h i n  t h e s e  a l g a l  bank, f a c i e s  and c o n t a i n  b ro ken  c o r a l s ,  

f r a g m e n te d  m o l lu s c  and b r a c h io p o d  s h e l l s ,  b l a s t o i d s ,  b r y o 

z o a n s ,  a l g a l  b l a d e s ,  and e s p e c i a l l y  c o a r s e  p e lm a to z o an  d e b r i s .  

These l e n s e s  p o s s i b l y  r e p r e s e n t  t im es  o f  u n u s u a l l y  h i g h  energy  

( e . g .  s to rm  waves) when p a r t s  o f  th e  bank edge a r e  r i p p e d  up
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and t h e  o rgan ism s  a re  b roken  and t o s s e d  abou t .

The upper  p a r t s  o f  some o f  t h e s e  banks were exposed p a r t  

o f  th e  t im e ,  and i n  some c ases  o f  such d u r a t i o n  as to  a l lo w  

d e s s i c a t i o n  o f  th e  f i n e  c a r b o n a t e  muds. Numerous hand sam

p l e s  o f  mudcracks c o l l e c t e d  from th e  upper  p a r t  of  t h e  main 

a l g a l  p o r t i o n  o f  the  A lg a l  Limestone and Sha le  Member s u p p o r t  

t h i s  v iew (see  P l a t e  5, f i g .  D ) . In  a d d i t i o n  numerous t h i n  

s e c t i o n s  o f  samples from t h i s  s t r a t i g r a p h i e  l e v e l  e x h i b i t  

d i s t i n c t  s h r i n k a g e  c r a c k s ,  e s p e c i a l l y  n o r t h  o f  th e  main bank 

deve lopm ent  a r e a ,  as a t  Keough Quarry  (M.S. 14, u n i t  11, t o p ,  

T .S .  K-11 ,  a Cuneiphye u s - r i c h  b i o m i c r i t e  r i d d l e d  w i th  s h r i n k 

age c r a c k s )  and a t  F t .  Gibson Dam (M.S. 24, u n i t  12, T .S.  

A-170; s e e  p l a t e  5, f i g .  E ) .

I n  p r o t e c t e d  a r e a s  o f  t h e  a l g a l  banks and s m a l l e r  a l g a l  

mounds d a s y c l a d a c e a n  a lg a e  t h r i v e d  (see  t e x t - f i g .  2, and 

p l a t e s  14 and 15 ) .  These b e a r  s t r i k i n g  resem blance  in  t h e i r  

d i s t r i b u t i o n  to  c e r t a i n  modern c a l c a r e o u s  g re e n  a lg a e  n o t a b l y  

th e  d a s y c l a d a c e a n s  A c e t a b u l a r i a , P e n i c i l l i s , and U d o tea , a l l  

o f  which t h r i v e  i n  p r o t e c t e d  w a te r s  o f  b a c k - r e e f  lagoons and 

b a c k -b a n k  l a g o o n s .  Some c a l c a r e o u s  g ree n  a l g a e ,  e s p e c i a l l y  

c e r t a i n  s p e c i e s  o f  Halimeda l i v e  i n  deeper  w a te r s  below s i g 

n i f i c a n t  w a t e r  a g i t a t i o n  i n  th e  f o r e - r e e f  e n v i ron m en t ,  b u t  

most  p r e f e r  p r o t e c t e d  s i t u a t i o n s  and s h a l lo w e r  w a t e r s .

To t h e  n o r t h e a s t  o f  th e  main bank development  a r e a  t h e  

a l g a l  f a c i e s  a r e  r e p l a c e d  by s p a r s e l y  f o s s i l i f e r o u s  m i c r i t e s , 

d i s m i c r i t e s ,  i n t r a m i c r i t e s , i n t r a r a i c r u d i t e s , and th e s e  con
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t a i n  abundant  s h r in k a g e  c r a c k s ,  and many a re  e x t e n s i v e l y  b u r 

rowed. At b e s t  t h e s e  s t r a t a  a re  s p a r s e l y  a l g a l .  This  a r e a  

CM.S. 21,  M.S. 23, Rowland 's  measured s e c t i o n s  62 and 63) i s  

b e l i e v e d  to  r e p r e s e n t  a t i d a l  f l a t  env ironm ent  leew ard  o f  th e  

banks where f i n e  c a r b o n a te  mud accum ula ted  and was p e r i o d i 

c a l l y  t o r n  up by s to rm  waves o r  normal waves a s s o c i a t e d  w i t h  

s p r i n g  t i d e s .

The main a l g a l  p a r t  o f  th e  A lg a l  Limestone  and Shale  

Member g rad e s  upward i n t o  s h a l e s  and o n c o l i t h - b e a r i n g  s h a l e s  

and l i m e s t o n e s .  The o n c o l i t h s ,  t o o ,  a re  e c o l o g i c a l l y  s i g n i 

f i c a n t .  They u s u a l l y  c o n s i s t  o f  a n u c le u s  ( f o s s i l  f ragm ent  

o r  more f r e q u e n t l y  an i n t r a c l a s t )  c o a t e d  w i t h  O s a g i a , C une i 

phycus o r  a co m b in a t io n  o f  th e  two. O f ten  the  i n t r a c l a s t  

n u c le u s  c o n t a i n s  sh r in k a g e  c r a c k s ,  as i n  p l a t e  5, f i g .  F, i n 

d i c a t i n g  ex p osu re  and d e s s i c a t i o n .  O sag ia  o r  Cuneiphycus 

c o a t  t h e  n u c l e u s ,  so  t h a t  t h e  o n c o l i t h  must have been  o v e r 

t u r n e d  p e r i o d i c a l l y ,  p e rh a p s  by wave a c t i v i t y ,  t o  p e r m i t  t h e  

n u c le u s  t o  be c o m p le te ly  e n c lo s e d .  S ince  few modern f i l a 

mentous ( b l u e - g r e e n )  a lg a e  l i v e  i n  normal m ar ine  env ironm en ts  

(G insburg ,  1971) , and s i n c e  O sag ia  o n c o l i t h s  a r e  composed o f  

f i l a m e n to u s  a lg a e  t u b u l e s ,  i t  can be con c lu d ed  t h a t  t h e s e  

o n c o l i t h s  formed i n  s h a l lo w ,  p o s s i b l y  b r a c k i s h  w a t e r s .

Modern o n c o l i t e s  form i n  s h a l lo w  m ar ine  w a te r s  as a t  R odr iquez  

and T a v e r n i e r  Keys, t i d a l  c h a n n e l s ,  and even beach  e n v i r o n 

ments .

In  summary, t h e  abundance and d i s t r i b u t i o n  o f  c e r t a i n
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c a l c a r e o u s  a l g a e ,  c o r a l s ,  o n c o l i t h s ,  d e s s i c a t i o n  c r a c k s ,  b u r 

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

s t u d i e d  a r e a  was an a l g a l  b a n k - t i d a l  f l a t ,  e nv iro n m en t  d u r in g  

d e p o s i t i o n  o f  th e  A lg a l  L im es tone  and Sha le  Member s i m i l a r  t o  

many modern c a r b o n a t e  e n v i ro n m e n t s .  The absence  o f  t h e s e  i n 

d i c a t o r s  upward s u g g e s t s  a s i g n i f i c a n t  change i n  t h e  e n v i r o n 

ment o f  d e p o s i t i o n .  C a rb o n a te s  a r e  p r e s e n t  i n  th e  Black 

Sh a le  and C a rb o n a te  Member, y e t  n e v e r  a t t a i n  t h e  t h i c k n e s s  o r  

d i s t r i b u t i o n  o f  t h e  r e s t  of  t h e  Morrow Fo rm a t ion .  The i n f l u x  

o f  s i g n i f i c a n t  q u a n t i t i e s  o f  s i l t  and c l a y ,  r e p r e s e n t e d  by 

th e  t h i c k  s h a l e s  o f  t h e  u p p e r  member, b r o u g h t  an end t o  e x 

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

U p l i f t i n g  i n  t h e  Ozark a r e a  and t r u n c a t i o n  o f  u p p e r  Morrow 

beds  were s u b s e q u e n t l y  f o l l o w e d  by d e p o s i t i o n  o f  th e  s h a l e s  

and s a n d s t o n e s  o f  t h e  Atoka  Fo rm a t io n .
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APPENDIX A

MEASURED STRATIGRAPHIE SECTIONS-CORE DESCRIPTIONS 

The t w e n t y - s i x  s u r f a c e  e x p o su re s  (measured s e c t i o n s )  and 

two c o re s  s e l e c t e d  were d e s c r i b e d  and m easured  u s i n g  t a p i n g ,  

J a c o b - s t a f f  and Abney l e v e l ,  and p l a n e - t a b l e  and a l i d a d e  

m ethods .  In  s e v e r a l  c a s e s  two methods were employed as a 

doub le  check  on a c c u ra c y .

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

w e a th e re d  ro c k  s u r f a c e s  was n o t e d  u s i n g  t h e  t e rm in o lo g y  o f  

t h e  Rock-Color  C h a r t  o f  Goddard,  e t  a l .  (1951) .  The c o l o r  

name and number i s  g iv e n  f o r  a l l  d u p l i c a t e d  c o l o r  names,  such  

as l i g h t  o l i v e  g ra y  (5 Y 6 /1 )  and l i g h t  o l i v e  g ray  (5 Y 5 /2 )  

t o  d i f f e r e n t i a t e  which  l i g h t  o l i v e  g r a y  i s  i n t e n d e d .  Only 

t h e  c o l o r  name i s  g iv e n  when a d u p l i c a t e  name does n o t  e x i s t ,  

such  as medium l i g h t  g ra y .  S ince  t h e  name medium l i g h t  g ray  

i s  u se d  f o r  o n ly  one c o l o r ,  t h e  c o r r e s p o n d i n g  number (N 6) 

has  no p u rp o s e  and t h e r e f o r e  i s  d ropped .

For  b e d d in g  c h a r a c t e r i s t i c s ,  a s l i g h t  m o d i f i c a t i o n  o f  

t h e  McKee and Wier (1953) sys tem  was u s e d .  See T ab le  1.
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M easured  S e c t i o n  1: Webbers F a l l s  Lock and Dam #16

L o c a t i o n :  S E l / 2 ,  SWl/4, Sec.  34, T. 13 N . , R. 20 E . , Muskogee 
County ,  Oklahoma.

The b l u f f s  on t h e  w e s t  s i d e  o f  th e  Arkansas  R i v e r  s o u th  

o f  th e  Webbers F a l l s  Lock and Dam have been c u t  and s t e p p e d  

ba ck  so u th w ard  from th e  dam f o r  a d i s t a n c e  o f  a p p ro x im a te ly  

500 y a r d s ,  r e v e a l i n g  two norm al  f a u l t s .  The f i r s t  f a u l t  

o c c u r s  a t  t h e  s o u t h e r n  end o f  the  c u t s  in  t h e  N E l /4 ,  N E l /4 ,  

N E l /4 ,  Sec.  3, T. 12 N . , R. 20 E . , and th e  second  i s  l o c a t e d  

im m e d ia te ly  a t  t h e  w e s t  end o f  th e  dam p r o j e c t .  U n i t s  1 

th r o u g h  9, which  a re  i n  t h e  low er  p a r t  o f  t h e  Morrow Forma

t i o n ,  were  m easured  i n  th e  c u t s  on th e  h o r s t  i n  an i n t e r v a l  

i n  t h e  S E l / 4 ,  SWl/4,  Sec.  34 from a p p ro x im a te ly  200 y a rd s  

n o r t h  o f  t h e  f i r s t  f a u l t  t o  t h e  w es t  end o f  th e  dam. The 

s e c t i o n  was th e n  o f f s e t  on t h e  ba se  o f  u n i t  10, w hich  forms 

t h e  p ro m in e n t  b l u f f  a t  t h e  top  o f  t h e  c u t s  on t h e  h o r s t ,

a c r o s s  t h e  secon d  normal  f a u l t  a t  t h e  w es t  end o f  t h e  dam.

The b a s e  o f  u n i t  10 i s  b r o u g h t  doxm by th e  f a u l t  t o  t h e  l e v e l  

o f  t h e  top  o f  th e  dam a t  t h i s  p o i n t .  U n i t  10 and t h e  r e 

m ain in g  u n i t s  i n  t h e  s e c t i o n  were m easured  on t h e  b l u f f s  im

m e d i a t e l y  n o r t h  o f  and above th e  w e s t  end o f  t h e  dam. The 

s e c t i o n  ends w i t h  th e  lo w e s t  e x p o su re s  o f  t h e  Atoka  Fo rm a t io n  

i n  t h e  b l u f f  h i g h  above th e  dam i n  t h e  S E l /4 ,  S E l / 4 ,  SWl/4, 

Sec.  34.

U.S. Army Corps o f  E n g in e e r s  Core #228 was t a k e n  a t  t h e  

a x i s  o f  t h e  dam, and t h i s  co re  was d e s c r i b e d  by D. A. K o t i l a  

i n  1964. The co re  c o n t a i n s  t h e  P i tk in -M o rro w  c o n t a c t  and



107
a p p r o x i m a t e ly  80 f e e t  o f  M i s s i s s i p p i a n  s t r a t a .  However, t h e  

c o re  may be f a u l t e d  i n  s e v e r a l  p l a c e s  and no e s t i m a t e  can be 

made o f  t h e  low er  p o r t i o n  o f  t h e  Morrow Form ation  t o  o b t a i n  

a t o t a l  t h i c k n e s s  a t  t h i s  l o c a l i t y .  In  t h i s  c o r e ,  however ,  

t h e  to p  o f  t h e  P i t k i n  o c cu rs  72.2  f e e t  below t h e  top  o f  th e  

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

n i t e  ( g r a i n s t o n e ) . I t  i s  o v e r l a i n  by 0 .2  f e e t  of  da rk  g r a y , 

s a n d y ,  s k e l e t a l  s h a l e  and, i n  t u r n  i s  o v e r l a i n  by q u a r t z -  

s a n d y ,  a r g i l l a c e o u s ,  l im e s to n e s  and s a n d s t o n e s .

The s e c t i o n  was m easured  by P. K. S u t h e r l a n d  and T. W. 

Henry on May 8, 1971. T h i n - s e c t i o n  d e s c r i p t i o n s  a re  by T. W. 

Henry. The s e c t i o n  d e s c r i p t i o n s  have been  m o d i f i e d  t o  f i t  

t h e  s t r a t i g r a p h i e  u sage  o f  t h i s  p a p e r  by D. A. K o t i l a ,

J a n u a r y ,  1973.

UNIT DESCRIPTION THICKNESS(FEET)

Atoka Form ation

22 S ands tone  and c o n g lo m e ra te :  c o n g lo m era te  w i t h  
i s o l a t e d  l im e s to n e  c o b b le s  i n  lower  0 .5  to  1 .0  
f e e t ;  a l s o  c o n ta in s  i s o l a t e d  b l o c k  o f  medium- 
g r a i n e d  o o l i t i c  c a l c a r e n i t e  i n c o r p o r a t e d  i n t o  
s a n d s t o n e ,  a p p ro x im a te ly  2 .5  f e e t  long  and 2 .0  
f e e t  h i g h ,  3 .0  f e e t  above b ase  o f  u n i t ;  s a n d 
s t o n e ,  medium-to c o a r s e - g r a i n e d ,  l i m o n i t i c ,  
p o o r l y  s o r t e d ;  b ro w n ish  o r a n g e ,  w e a th e r s  moder
a t e  y e l l o w i s h  brown, medium-bedded, i r r e g u l a r l y  
bedded i n  lower  p a r t ,  becoming t h i c k -  to  v e ry  
t h i c k - b e d d e d  i n  upper  p a r t ,  forms t h i c k  b l u f f  
n e a r  top o f  h i l l  a t  edge o f  t r e e s  above a x is  
o f  w es t  end o f  dam, low er  c o n t a c t  w e ld ed ,  w i t h  
sand  f i l l i n g  i n  c r a c k s  on u p pe r  s u r f a c e  o f  
u n i t s  20 and 21, e s t i m a t e d  25-30

Morrow Form ation  

21 L im es tone ;  f i n e -  to  m ed iu m -g ra ined ,  p e lm a to z o an
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c a l c a r e n i t e ;  i n t e r - b e d d e d  w i t h  t h i n  s t r i n g e r s  
o f  c a l c a r e o u s  s a n d s t o n e ;  i r r e g u l a r l y  bed d ed ,  
u n i t  becomes b e t t e r  i n d u r a t e d  to  s o u th  immedi
a t e l y  n o r t h  o f  f a u l t ,  where s h a l e s  a re  a b s e n t ,  
t h i c k - b e d d e d ,  forms lower p a r t  of  h ig h  m ass ive  
b l u f f  w e s t  o f  dam a x i s ,  upper  c o n t a c t  s h a r p ,  
u n d u l a t i n g ,  and unconform able ;  e n t i r e  u n i t  
t r u n c a t e d  to  s o u t h  w i t h i n  25 y a rd s  on u p pe r  
bench by p re -A to k a  u n c o n fo rm i ty ;  upper  c o n t a c t  
w e lded ,  [ .0 5  f o o t  above b a se :  f i n e -  to  medium- 
g r a i n e d ,  q u a r t z - s a n d y ,  m i c r i t i c ,  b ry o z o a n ,  
mixed s k e l e t a l  c a l c a r e n i t e - p a c k s t o n e ) , t h i c k 
n e s s ,  d i r e c t  m easurement ,  maximum p r e s e n t  a t  
n o r t h  end o f  exposu re  0 . 0 - 4 . 0

20 L im es tone;  s k e l e t a l  c a l c i l u t i t e  to  a r g i l l a c e 
o us ,  s k e l e t a l  c a l c a r e n i t e ;  uppe r  h a l f  w i t h  
t h i n  s h a l e  s t r i n g e r s ,  t h i n -  to  medium-bedded,  
i r r e g u l a r l y  bedded,  exposed  a t  ba se  o f  u pper  
c l i f f ,  uppe r  c o n t a c t  s h a r p ,  uncon fo rm ab le ;  a t  
s o u th  end o f  exposu re  im m ed ia te ly  n o r t h  o f  
f a u l t ,  u n i t  22 r e s t s  d i r e c t l y  on u n i t  and t r u n 
c a t e s  most  o f  i t ,  (1 f o o t  below top :  medium- to  
c o a r s e - g r a i n e d ,  b ry o zo a n ,  c o a t e d - g r a i n ;  pe lm a
to z o a n ,  s l i g h t l y  q u a r t z - s a n d y ,  s l i g h t l y  m i c r i 
t i c  c a l c a r e n i t e - p a c k s t o n e  to  g r a i n s t o n e ) , t h i c k 
n e s s ,  d i r e c t  m easurem ents ,  s o u t h  and n o r t h  end 
o f  e x p o s u r e s ,  r e s p e c t i v e l y  0. 5 -4 .0

19 S h a l e ,  s l i g h t l y  s i l t y ;  da rk  g r a y ,  w e a th e r s
medium g r a y ;  w i t h  s c a t t e r e d  n o d u le s  o f  f i n e 
g r a i n e d  c a r b o n a t e ,  p e rhaps  d o lo m i t e ,  t h i c k l y  
l a m in a t e d ,  r e g u l a r l y  l a m i n a t e d ,  exposed as 
v e r t i c a l  r e c e s s  b e n e a th  h ig h  b l u f f ,  u p p e r  co n 
t a c t  sh a rp  and u n d u l a t i n g ,  t h i c k n e s s ,  d i r e c t  
measurement 5.5

18 Limestone  and s a n d s to n e :  lower  1 f o o t  c o n s i s t s
o f  c o a r s e -  to  f i n e - g r a i n e d ,  s k e l e t a l ,  q u a r t z -  
s andy ,  h i g h l y  a r g i l l a c e o u s  l im e s to n e ;  up p e r  
p o r t i o n  w i th  f i n e - g r a i n e d ,  a r g i l l a c e o u s ,  s k e l e 
t a l ,  c a l c a r e o u s  sa n d s to n e  w i t h  nodu les  o f  c a l 
c i l u t i t e ;  t h in - b e d d e d ,  i r r e g u l a r l y  b e d d ed ,  
p o o r ly  exposed  b e n e a th  second c l i f f ,  b e s t  ob
s e r v e d  as slump b l o c k s ,  f o s s i l i f e r o u s  w i t h  
abundant  M i c h e l i n i a ,  t h i c k n e s s ,  d i r e c t  m e a su re 
ment 2.0

17 S h a le ,  n o n s i l t y ;  medium da rk  g r a y ,  w e a th e r s
d a rk  o l i v e  g r a y ;  c o n ta in s  i s o l a t e d  i r o n s t o n e  
n od u les  t h r o u g h o u t ,  t h i c k l y  and r e g u l a r l y  
l a m in a te d ;  b lo c k y ,  lower  7 f e e t  p o o r ly  ex posed .
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r em a in d e r  o f  u n i t  w e l l - e x p o s e d  i n  wash, and 
on s t e e p  s l o p e  be tween  f i r s t  and second c l i f f s  
above dam, u p p e r  c o n t a c t  p o o r l y  exposed ,  a p 
p a r e n t l y  g r a d a t i o n a l ,  u n i t  m easured  w i th  4 
deg ree  w e s t  d ip  com pensa t ion  27 .0

16 L im es to n e ,  f i n e -  t o  c o a r s e - g r a i n e d ,  p e lm a t o 
zoan ,  m i c r i t i c  c a l c a r e n i t e  w i t h  a l g a l - e n c r u s t e d  
f o s s i l s  on bedding,  p l a n e s  ; t h in - b e d d e d ,  i r r e 
g u l a r l y  bed d ed ,  p o o r l y  exposed  i n  sm a l l  wash, 
u p p e r  c o n t a c t  g r a d a t i o n a l ,  [upper  0 .5  f o o t ;  
m ed iu m -g ra in ed ,  i n t r a c l a s t - b e a r i n g ,  o o l i t i c ,
O sag ia  o n c o l i t h - b e a r i n g ,  m i x e d - s k e l e t a l , 
q u a r t z - s a n d y ,  c a l c a r e n i t e - g r a i n s t o n e ) , f o s 
s i l i f e r o u s ,  t h i c k n e s s ,  d i r e c t  measurement 1 .2

15 S h a l e ,  n o n s i l t y ,  d a rk  g r a y ,  w e a th e r s  o l i v e
g ra y  and l i g h t  o l i v e  g r a y ,  t h i c k l y  l a m i n a t e d ,  
r e g u l a r l y  l a m i n a t e d ,  exposed  i n  wash d i r e c t l y  
above dam a x i s  i n  lower  p a r t  o f  s t e e p  s lo p e  
be tween  f i r s t  and se co n d  b l u f f s ,  u pp e r  c o n t a c t  
o b s c u r e d ,  t h i c k n e s s ,  d i r e c t  measurement 3 .0

14 L im es to ne ,  f i n e -  t o  c o a r s e - g r a i n e d ,  o o l i t i c ,  ■
b r y o z o a n ,  p e lm a to z o an  c a l c a r e n i t e  a t  b a s e ;  
g r a d a t i o n a l  upward i n t o  f i n e -  t o  c o a r s e 
g r a i n e d ,  p e lm a to z o a n ,  c o a t e d - g r a i n  c a l c a r e 
n i t e ,  medium-bedded,  s i n g l e  bed ,  exposed  i n  
sm a l l  wash d i r e c t l y  above dam a x i s  a t  top  o f  
f i r s t  b l u f f ,  u p p e r  c o n t a c t  s h a r p ,  (Bed: c o a r s e -  
t o  v e ry  c o a r s e - g r a i n e d ,  p e lm a to z o a n ,  b r y o z o a n ,  
s l i g h t l y  q u a r t z - s a n d y  c a l c a r e n i t e - g r a i n s t o n e ) , 
t h i c k n e s s ,  d i r e c t  measurement 1 .0

13 S h a l e ,  s i l t y ,  w i t h  l e n s e s  o f  f i n e - g r a i n e d ,
m i c r i t i c ,  a r g i l l a c e o u s ,  r e c r y s t a l l i z e d  c a l 
c a r e n i t e :  s h a l e ,  w e a th e r s  o l i v e  g r a y ,  exposed  
i n  wash a t  top  o f  s t e e p  b l u f f  above end o f  dam, 
lower  c o n t a c t  g r a d a t i o n a l ,  upp e r  c o n t a c t  g r a d a 
t i o n a l ,  t h i c k n e s s ,  d i r e c t  measurement 1 .5

12 L im es to ne ,  medium- to  c o a r s e - g r a i n e d  p e lm a to 
zoan c a l c a r e n i t e ,  medium- to  t h i c k - b e d d e d ,  i r 
r e g u l a r l y  bedded ,  s l i g h t l y  c r o s s - b e d d e d ,  forms 
v e r t i c a l  f a c e s  on u p p e r  p a r t  of  b l u f f  n o r t h  o f  
dam; w e a th e r s  w i t h  f o s s i l  f r a g m e n ts  i n  r e l i e f  
on s u r f a c e ,  uppe r  c o n t a c t  n o t  o b s e r v e d ,  s e c 
t i o n  o f f s e t  sou thw ard  a p p ro x im a te ly  50 f e e t  to  
p o i n t  d i r e c t l y  above dam a x i s  on top of u n i t  12,  
t h i c k n e s s  a p p ro x im a te ly  8 .3
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11 L im es to n e ;  b a s a l  b e d ,  medium- to  c o a r s e - g r a i n e d ,

m i c r i t i c ,  s k e l e t a l  c a l c a r e n i t e  i n t e r b e d d e d  w i t h  
a l g a l ,  s k e l e t a l  c a l c i l u t i t e s ; s c a t t e r e d  a l g a l  
o n c o l i t e s  p r e s e n t  l o c a l l y  th r o u g h o u t  u n i t ;  
g r a d a t i o n a l  i n  u p pe r  0 .7  f e e t  to  s k e l e t a l  c a l 
c i l u t i t e  n o d u le s  and o l i v e  g r e e n  w e a th e r in g  
s h a l e ,  medium-bedded, i r r e g u l a r l y  bedded ,  e x 
p o se d  in  v e r t i c a l  b l u f f  n o r t h  o f  dam a p p r o x i 
m a te ly  50 f e e t  a t  p o i n t  im m e d ia te ly  s o u t h  o f  
t a l u s  and d i r t  cone ,  u p p e r  c o n t a c t  sh a rp  and 
u n d u l a t i n g ,  t h i c k n e s s ,  d i r e c t  measurement  6 .5

10 L im es to n e ;  a l g a l ,  s k e l e t a l  c a l c i l u t i t e ,  t h i n -
b ed ded ,  h i g h l y  i r r e g u l a r l y  bedded ,  n o d u l a r  
beds  w i t h  t h i n  s h a l e  s t r i n g e r s  i n  b a s a l  3 f e e t  
and u p p e r  4 f e e t ;  u p p e r  p a r t  t h i c k - b e d d e d ,  i r 
r e g u l a r l y  b edded ,  exp osed  a t  end o f  dam i n  
f r e s h  f a c e ;  a l s o  exposed  i n  h o r s t  s o u th  o f  dam 
as l a r g e  b l u f f  below t r e e s  a t  top  o f  c u t ;  m idd le  
p a r t  o f  u n i t  forms 20 f o o t  h i g h  b l u f f  n o r t h  o f  
dam below t r e e s ,  u p p e r  c o n t a c t  s h a r p ,  u n d u la 
t i n g ,  t h i s  same i n t e r v a l  has  abundan t  c o l o n i e s  
o f  L i t h o s t r o t i o n e l l a  exposed  i n  a wash which 
c u t s  th ro u g h  th e  b l u f f  a p p r o x im a te ly  100 to  
200 y a r d s  n o r t h  o f  where t h i s  u n i t  was measured  
i n  S l / 2 ,  NWl/4, S E l /4 ,  SWl/4,  Sec. 34,  (2 f e e t  
be low to p ;  m i c r i t i c ,  A r c h a e o l i t h o p h y l l u m ,
Cuneiphycus b i o l i t h i t e - b o u n d s t o n e ,  t a l u s :  
c o a r s e - g r a i n e d ,  m i c r i t i c ,  b u r ro w e d ,  b ry o z o a n ,  
m i x e d - s k e l e t a l  c a l c a r e n i t e - w a c k e s t o n e , 3 f e e t  
above b a s e :  m i c r i t i c ,  A r c h a e o l i t h o p h y l lu m  b i o 
l i t h i t e - b o u n d s t o n e ,  t h i c k n e s s  m easured  w i t h  4 
d eg re e  w e s t  d ip  c o m p e n sa t io n ,  m easu red  40 to  
50 f e e t  n o r t h  o f  dam, a p p r o x im a te ly  28 .5

N ote :  The t h i n - s e c t i o n s  from t h i s  u n i t ,  
w i t h  t h e  e x c e p t i o n  o f  t h e  t a l u s  sam ple ,  
were made by D. A. K o t i l a  from rocks  
c o l l e c t e d  from t h i s  i n t e r v a l  a p p ro x im a te ly  
100 to  150 y a rd s  n o r t h  o f  t h e  dam a x i s .

9 L im es to n e ;  f i n e -  to  m ed iu m -g ra in ed ,  p e l m a t o 
zoan,  o o l i t i c  c a l c a r e n i t e  w i t h  l o c a l  onco
l i t h s  and m i c r i t e  i n t r a c l a s t s  i n  lower  p o r 
t i o n ;  g ra d e s  upward to  c o a r s e - g r a i n e d ,  w e l l -  
s o r t e d ,  b r y o z o a n - p e l m a t o z o a n , o o l i t i c  c a l c a r e 
n i t e ,  t h i c k -  to  v e ry  t h i c k - b e d d e d ,  r e g u l a r l y  
bedd ed ,  l o c a l l y  c r o s s - b e d d e d ,  forms lower p a r t  
o f  m ass ive  b l u f f  n e a r  top  o f  c u t s  above l e v e l  
o f  dam, u p p e r  c o n t a c t  g r a d a t i o n a l ,  [2 f e e t  
be low to p :  v e ry  c o a r s e - g r a i n e d ,  b ry o zoan -  
p e lm a to z o a n ,  e c h i n o i d a l  c a l c a r e n i t e - g r a i n s t o n e .
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2 f e e t  above b a s e :  m ed iu m -g ra in ed ,  m i c r i t i c ,  
b r y o z o a n ,  m i x e d - s k e l e t a l  c a l c a r e n i t e - p a c k 
s t o n e ) ,  t h i c k n e s s ,  d i r e c t  m easurem ent ,  v a r i e s  7 . 0 - 1 2 . 0

Note:  S e c t i o n  t r a n s f e r r e d  a c r o s s  f a u l t  
a t  w e s t  end o f  dam t o  b l u f f  a p p r o x i 
m a te ly  40 t o  50 f e e t  n o r t h  o f  w es t  end 
o f  dam. Base u n i t  10, u s e d  as key bed 
i n  t r a n s f e r .

S h a le  and l im e s t o n e s :  im m e d ia te ly  s o u th  o f  dam, 
e n t i r e  u n i t  i s  da rk  g r a y ,  t h i n l y  l a m i n a t e d ,  
s i l t y  s h a l e  l o c a l l y  w i t h  i n t e r b e d d e d  t h i n -  
b ed ded ,  c r o s s - b e d d e d ,  f i n e - g r a i n e d ,  o o l i t i c  
c a l c a r e n i t e s  and n o n c a l c a r e o u s  s h a l e s  i n  u pp e r  
4 f e e t  o f  u n i t ,  so u th w ard  a b o u t  t w o - t h i r d s  o f  
way t o  f a u l t ,  low er  8 .5  f e e t  o f  u n i t  i s  d a r k ,  
s i l t y  s h a l e  and u p p e r  4 .5  f e e t  c a l c a r e o u s ,  
f o s s i l i f e r o u s  s h a l e  w i t h  numerous n o d u le s  of  
f i n e - g r a i n e d  s k e l e t a l  c a l c i l u t i t e s  to  m i c r i t i c ,  
s k e l e t a l  c a l c a r e n i t e s , so u th w a rd  to  end o f  
e x p o s u r e s ,  lower  d a r k ,  s i l t y  s h a l e  changes 
f a c i e s  i n t o  s k e l e t a l ,  a r g i l l a c e o u s  c a l c a r e 
n i t e s ;  u pp e r  p o r t i o n  o f  u n i t  becomes more nodu
l a r  and c o n t a i n s  t h i n  beds o f  l i m e s t o n e ,  u p pe r  
c o n t a c t  s h a r p ,  t r u n c a t i n g ,  w i t h  l o c a l  r e l i e f  
o f  2 f e e t ,  t h i c k n e s s ,  rem ains  r e a s o n a b l y  con
s t a n t  t h r o u g h o u t  l e n g t h  o f  e x p o su re s  1 1 .0 - 1 3 .0

L im es to n e ;  medium- t o  c o a r s e - g r a i n e d ,  w e l l -  
s o r t e d ,  p e lm a to z o an  c a l c a r e n i t e  a t  b a s e ,  g r a d 
i n g  upward i n t o  c o a r s e - g r a i n e d ,  w e l l - s o r t e d ,  
b ry o z o a n -p e lm a to z o a n  c a l c a r e n i t e ,  m inor  s k e l e 
t a l  c a l c i l u t i t e s  i n  u p p e r  1 f o o t ,  t h i c k - b e d d e d ,  
r e g u l a r l y  b ed d ed ,  h i g h l y  u n d u l a t i n g ,  c r o s s - 
bedded  i n  low er  p o r t i o n ,  forms d i s t i n c t i v e  
b l u f f  above l e v e l  o f  dam, to p  o f  which forms 
w i d e s t  bench i n  e x p o s u r e s ;  u n i t  c h a r a c t e r i s t i 
c a l l y  t r a v e r t i n e - c o a t e d ,  u pper  c o n t a c t  o b s c u r e ,
[Top: f i n e -  to  m ed iu m -g ra in ed ,  m i c r i t i c ,  b r y o 
zoan ,  p e lm a to z o an  c a l c a r e n i t e - p a c k s t o n e ,  b a s e :  
f i n e - g r a i n e d ,  p e l l e t e d ,  bu r ro w ed ,  b ry o zo an -  
m o l lu s c a n  c a l c i l u t i t e - w a c k e s t o n e ) , u n i t  t h i c k e n s  
a t  expense  o f  u n d e r l y i n g  u n i t ,  m easured  75 
y a rd s  s o u t h  o f  dam and a p p ro x im a te ly  t w o - t h i r d s  
o f  way to  s o u t h  f a u l t ,  v a r i e s ,  r e s p e c t i v e l y  5 .0 - 1 2 . 0

L im es tone  and s h a l e :  l i m e s t o n e ,  h i g h l y  v a r i 
a b le  from s k e l e t a l  c a l c i l u t i t e s ,  m i c r i t i c  s k e l e 
t a l  c a l c a r e n i t e s ,  t o  p e lm a to z o an  c a l c a r e n i t e s ,  
b a s a l  7 to  8 f e e t  g e n e r a l l y  c o n s i s t s  o f  medium- 
b edded ,  r e g u l a r l y  bedded  c a l c i l u t i t e s  and
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and c a l c a r e n i t e s  t o  t h i n - b e d d e d ,  n o d u l a r  
c a l c i l u t i t e s  i n t e r b e d d e d  w i t h  c a l c a r e o u s ,  
h i g h l y  f o s s i l i f e r o u s  s h a l e s  which g e t  t h i c k e r  
a t  ex pense  o f  l im e s t o n e s  a t  t o p ,  going s o u t h 
ward from dam, u n i t  forms ben ch  which can be 
f o l lo w e d  f o r  300 y a r d s  o r  more;  a t  dam, bench 
i s  a t  l e v e l  o f  top  o f  dam, sou thw ard  100 to  
150 y a r d s  from dam, up p e r  p o r t i o n  o f  u n i t  
h a s  much f o s s i l i f e r o u s  s h a l e  and l o c a l  b ryo-  
zoan mounds w i t h  a l g a l  b o un d s ton e  c o r e s ,  2 to  
3 f e e t  i n  d i a m e te r  and up to  2 f e e t  i n  h e i g h t ,  
m idd le  p o r t i o n  of  u n i t  h e re  has  sm a l l  c a l c a r e -  
n i t e  c h a n n e l s ,  upp e r  c o n t a c t  o f  u n i t  s h a r p ,  
u n d u l a t i n g ,  and t r u n c a t i n g ,  [Base: f i n e 
g r a i n e d ,  m i c r i t i c ,  b r y o z o a n ,  p e lm a to z o a n ,  
s l i g h t l y  q u a r t z - s a n d y  c a l c a r e n i t e - p a c k s t o n e ) , 
t h i c k n e s s  v a r i a t i o n  due to  t r u n c a t i o n  a t  top  1 1 .0 - 1 6 .5

S h a l e ,  s i l t s t o n e ,  and l im e s t o n e :  s h a l e ,  s i l t y ;  
d a r k  g r a y ,  w e a th e r s  medium d a r k  g r a y , t h i c k l y  
l a m i n a t e d ,  r e g u l a r l y  l a m i n a t e d ,  s i l t s t o n e ,  
a r g i l l a c e o u s ;  d a rk  g r a y ,  w e a th e r s  m odera te  
y e l l o w i s h  brown, t h i c k l y  l a m in a te d  to  t h i n l y  
b ed d ed ,  i r r e g u l a r l y  bed d ed ,  u n i t  composed o f  
s h a l e  a p p ro x im a te ly  50 f e e t  s o u t h  o f  dam; 
go ing  so u th w a rd  75 y a r d s ,  m idd le  3 to  5 .5  f e e t  
o f  u n i t  r e p l a c e d  by c h a n n e l  o f  c o a r s e - g r a i n e d  
p e lm a to z o a n  c a l c a r e n i t e  to  f i n e - g r a i n e d  c a l -  
c i r u d i t e ,  t h i c k - b e d d e d ,  c r o s s - b e d d e d ;  chan-  
n e l o i d  a t  n o r t h  end ,  b u t  becoming e v e n ly  bedded 
l im e s t o n e  t o  5 .5  f e e t  t h i c k  w i t h  s h a l e  a t  b a se  
o f  c l i f f  e x p o su re s  so u th w a rd  f o r  a p p ro x im a te ly  
200 y a r d s ,  im m e d ia te ly  n o r t h  o f  above-m en t ioned  
l i m e s t o n e  c h a n n e l ,  a n o t h e r  s m a l l  c h an n e l  r e 
p l a c e s  u p p e r  p a r t  o f  ch an n e l  to  n o r t h  f o r  25 
f e e t ;  n o r th w a r d  to  dam, e n t i r e  u n i t  s h a l e  and 
l e n s e s  o f  s i l t s t o n e ,  u p p e r  c o n t a c t  g r a d a t i o n a l  
where  s h a l e  p r e s e n t ,  b u t  s h a r p  and u n d u l a t i n g  
where  l i m e s t o n e  p r e s e n t ,  h i g h l y  f o s s i l i f e r o u s ,  
t h i c k n e s s ,  measured  w i t h  4 d e g re e  w e s t  d ip  com
p e n s a t i o n  50 f e e t  s o u t h  o f  dam and 75 y a r d s  
s o u t h  o f  dam, v a r i e s  r e s p e c t i v e l y  from 6 . 8 - 1 0 . 5

S a n d s to n e  and l i m e s t o n e :  s a n d s t o n e ;  medium- 
g r a i n e d ,  p o o r l y  s o r t e d ,  s k e l e t a l  s a n d s to n e  
w i t h  a r g i l l a c e o u s  lam inae  and ca rbonaceous  
l a m i n a e ,  i n t e r b e d d e d  and g r a d a t i o n a l  w i t h  
l i m e s t o n e ;  c o a r s e - g r a i n e d ,  q u a r t z - s a n d y ,  p e l 
m atozoan  c a l c a r e n i t e ,  t h i n -  to  medium-bedded, 
c r o s s - b e d d e d ,  i r r e g u l a r l y  bed d ed ,  forms second  
c l i f f  a t  w e s t  end o f  dam, top  o f  which i s  
a bou t  20 f e e t  below to p  o f  dam and c o v e re d
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w i t h  s m a l l  cottonwood t r e e s ,  w e a th e rs  f l u t e d  
w i t h  more c a l c a r e o u s  l a y e r s  s t a n d in g  in  r e 
l i e f  on b l u f f  s u r f a c e ,  pe lm atozoan  f ragm en ts  
s t a n d  i n  r e l i e f  g i v in g  u n i t  rough s u r f a c e ,  
u pper  c o n t a c t  g r a d a t i o n a l ,  u n d u l a t i n g ,  s t r i k e  
N 60° W., d ip  4-5° SW, t h i c k n e s s  8 . 5 - 9 . 0

Sha le  w i t h  sa n d s to n e  and l im e s to n e  l e n s e s :  
s h a l e ;  s i l t y ,  w i th  i r o n s t o n e  c o n c r e t i o n s  in  
upper  p a r t ,  t h in - b e d d e d  to  t h i c k l y  l a m in a te d ,  
r e g u l a r l y  l a m i n a t e d ,  s a n d s t o n e ,  a r g i l l a c e o u s ,  
t h i n - b e d d e d ,  n o d u la r  bedded ,  t h i c k e n s  somewhat 
sou th w ard ,  forms lo w es t  p a r t  o f  u n i t ,  l o c a l l y  
b e a r s  C o n o s t i c h u s , e n t i r e  u n i t  c o n s i s t a n t  
l a t e r a l l y ,  b u t  a l l  b u t  3 .5  f e e t  o f  lower p a r t  
o f  u n i t  r e p l a c e d  sou thward  by l im e s to n e  chan 
n e l ;  l i m e s t o n e ,  c o a r s e - g r a i n e d ,  pe lm atozoan  
c a l c a r e n i t e ,  medium- to  t h i c k - b e d d e d ,  c r o s s 
bedded,  forms b l u f f  im m ed ia te ly  n o r t h  o f  b o a t  
ramp s i t e ,  upper  c o n t a c t  s h a r p ,  r e g u l a r ;  lower 
c o n t a c t  c h a n n e lo id ,  t o  n o r t h ,  two o t h e r  l im e 
s to n e  ch an n e ls  up to  4 .5  f e e t  t h i c k  r e p l a c e  
upper  p a r t  o f  u n i t ,  s e c t i o n  o f f s e t  on top  o f  
u n i t  3 to  a p o i n t  w i t h i n  100 f e e t  o f  dam, 
s t r i k e  N 32° W., dip 5-6° SW., (b a s e ,  so u th  
ch an n e l :  medium- to  f i n e - g r a i n e d  s a n d s to n e -  
c a l c i t e - c e m e n t e d  and c la y -b o n d e d ,  su bm a tu re ,  
s k e l e t a l  q u a r t z a r e n i t e , b a s e ,  n o r t h  c han n e l :  
f i n e -  to  c o a r s e - g r a i n e d ,  p e lm a tozoan ,  b r y o 
zoan,  s l i g h t l y  q u a r t z - s a n d y  c a l c a r e n i t e - g r a i n -  
s t o n e ) ,  t h i c k n e s s ,  a p p ro x im a te ly  18

Limestone  and s h a l e :  l i m e s t o n e ;  f i n e - g r a i n e d  
s k e l e t a l  c a l c a r e n i t e  to  c o a r s e - g r a i n e d  s k e l e 
t a l  c a l c i s i l t i t e  w i th  beds o f  c o a r s e - g r a i n e d  
p e lm a to zo an  c a l c a r e n i t e ,  medium- to  t h in - b e d d e d ,  
r e g u l a r l y  bedded;  l im e s to n e  p r e d o m in a t e ly  con
c e n t r a t e d  i n  lower 4 f e e t ,  i n t e r b e d d e d  w i th  
s h a l e  h i g h e r ;  s h a l e ,  s i l t y ,  t h i n l y  l a m in a t e d ,  
i r r e g u l a r l y  l a m in a te d ,  u n i t  forms f i r s t  bench 
a t  l e v e l  o f  p a r k i n g  l o t  even w i t h  base  o f  dam, 
uppe r  c o n t a c t  o f  u n i t  s h a r p ,  (Base: c o a r s e 
g r a i n e d ,  p e lm a to z o an -b ry o z o an ,  b r a c h i o p o d a l , 
s l i g h t l y  q u a r t z - s a n d y  c a l c a r e n i t e  g ra d in g  up
ward t o  f i n e -  to  c o a r s e - g r a i n e d ,  a r g i l l a c e o u s ,  
q u a r t z - s a n d y ,  s p i c u l a r ,  m i c r i t i c  c a l c a r e n i t e -  
g r a i n s t o n e  and p a c k s t o n e ) , u n i t  i s  a channe l  
a v e ra g in g  2 to  3 f e e t  i n  t h i c k n e s s ;  t h i n s  s o u t h 
ward and r e p l a c e d  by a n o th e r  o v e r l y i n g  channe l  
which i s  i n  t u r n  r e p l a c e d  by u n i t  3; u n i t  2 r e 
p l a c e s  u pper  p a r t  o f  u n i t  1 n o r th w ard ;  t h i c k 
n e s s ,  d i r e c t  m easurem ents ,  v a r i e s  0 . 3 - 4 . 2
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S h a l e ,  s i l t y ,  w i t h  t h i n  l e n t i c l e s  and pods o f  
a r g i l l a c e o u s  s i l t s t o n e :  s h a l e ,  s i l t  c o n t e n t  
i n c r e a s e s  upward i n  u n i t ,  t h i c k l y  l a m i n a t e d ,  
r e g u l a r l y  l a m i n a t e d ,  h a r d ,  w e l l - i n d u r a t e d ,  
b l o c k y ,  forms lo w e s t  bench i n  s e c t i o n  a p p r o x i 
m a te ly  100 to  120 y a rd s  s o u t h  o f  w e s t  end o f  
dam above l e v e l  o f  p a r k i n g  l o t ,  lower  c o n t a c t  
c o v e re d ;  u p pe r  c o n t a c t  s h a r p ,  t r u n c a t i n g ,  and 
u n d u l a t i n g ;  o f f s e t  s e c t i o n  on top o f  u n i t  1 
f o r  d i s t a n c e  o f  a p p ro x im a te ly  100 f e e t  n o r t h 
w ard ,  t h i c k n e s s  v a r i a t i o n  due to  c h a n n e l in g  by 
o v e r l y i n g  u n i t ,  d i r e c t  measurements  7 . 0 - 1 0 .5

Measured S e c t i o n  2: McCully South

L o c a t i o n :  S l / 2 ,  NWl/4, S E l / 4 ,  SWl/4, Sec. 34, T. 13 N . ,
R. 20 E . , Muskogee County, Oklahoma

Measured S e c t i o n  2 i s  l o c a t e d  e a s t  o f  M c C u l ly ' s  Road 

ab o u t  3 m i l e s  n o r t h - n o r t h w e s t  o f  Webbers F a l l s ,  Oklahoma.

I t  i s  l o c a t e d  e a s t  o f  a p o i n t  abou t  75-100 y a rd s  n o r t h  o f  

t h e  U.S. Army Corps o f  E n g in e e r s  Monument mark ing  th e  w es t  

end o f  t h e  Webbers F a l l s  Dam a x i s .  This  p o i n t  on th e  ro a d  

i s  j u s t  a t  t h e  l a s t  l e v e l  a r e a  b e f o r e  th e  ro a d  bends and 

s t a r t s  down a c u rv in g  h i l l .  From t h i s  p o i n t ,  p r o c e e d  p e r 

p e n d i c u l a r  to  t h e  road  i n  an e a s tw a r d  d i r e c t i o n  u n t i l  you 

come t o  th e  f i r s t  exposed  ro ck  a t  t h e  top o f  th e  s t e e p  s l o p e  

l e a d i n g  dovm t o  t h e  Webbers F a l l s  R e s e r v o i r .  T h is  h i g h e s t  

exposed  ro c k  i s  t h e  b a s a l  p a r t  o f  th e  Atoka F o rm a t io n .  F o l 

low t h e s e  beds  sou thw ard  u n t i l  a b r o a d  V-shaped  wash i s  

v i s i b l e .  The s e c t i o n  i s  measured  m ain ly  i n  t h i s  wash, up to  

th e  b a s a l  Atoka. A l s o ,  see  p la n e  t a b l e  map f o r  p r e c i s e  l o c a 

t i o n .  S e c t i o n  measured  by David A. K o t i l a ,  J u l y ,  1964, and 

r e v i s e d  i n  A p r i l ,  1965.
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UNIT DESCRIPTION THICKNESS (FEET]

Atoka Form at ion

15 S a n d s to n e ,  lower 3 f e e t  t h in - b e d d e d  and s h a l y ,
u pper  4 .5  f e e t  medium-bedded,  l e s s  s h a l y ,  
l e d g e - f o rm in g  7 .5

Morrow Form at ion

14 L im es ton e ,  medium g ray  w e a th e r s  p a l e  y e l l o w i s h
brown (10 YR 6 / 2 ) ,  medium-bedded, w e a th e r s  
smooth,  b a s a l  3 f e e t  ev en -b ed d e d ,  u p pe r  1 .5  
f e e t  uneven 4 .5

13 Covered 33 .0

12 L im es to n e ,  medium g r a y ,  w e a th e r s  p a l e  y e l l o w 
i s h  brown, g r a y i s h  y e l lo w  g r e e n ,  and dusky 
y e l l o w  g r e e n ,  to  t h i n -  to  medium-bedded, even- 
b edded ,  many beds  c o n t a i n  numerous a l g a l  onco- 
l i t h s ,  beds  s e p a r a t e d  by medium l i g h t  g ray  
f o s s i l i f e r o u s  s h a l e s  1 to  4 in c h e s  t h i c k ,  one 
bed  4 .5  f e e t  from top  has c o a t i n g  o f  plumose 
O t t o n o s i a  up to  3 to  4 in c h e s  t h i c k ,  (12 f e e t  
above b a s e :  T .S .  720: c o a r s e  c a l c a r e n i t e :  r e 
c r y s t a l l i z e d ,  p h o s p h a t i c ,  e ch in od erm -b ry ozo an -  
b r a c h io p o d  b i o s p a r i t e  w i t h  g a s t r o p o d s ,  p e l e c y -  
p o d s , M . i l l e r e l l a , G i r v a n e l l a , o s t r a c o d s ,  and 
10 t o  15% p h o sp h a te  i n  m a t r i x ) , u n i t  q u i t e  
f o s s i l i f e r o u s ,  f o s s i l s  r e a d i l y  w e a t h e r  a long  
bedd ing  p l a n e s ,  u p p e r  4 f e e t  o f  u n i t  more r e 
s i s t a n t  and forms c l i f f  w i t h  u pp e r  be d s  o v e r 
hang ing  low er  beds by as much as 3 to  4 f e e t  16 .4

11 L im es to n e ,  medium l i g h t  g ray  w e a th e r s  l i g h t
o l i v e  g r a y  (5 Y 5 / 2 ) ,  p a l e  y e l l o w i s h  brown,
and g r a y i s h  o r a n g e ,  i n d i s t i n c t l y  bedd ed ,  and 
v e ry  i r r e g u l a r ,  w e a th e r s  r u b b l y ,  a b undan t  c o l o 
n i e s  o f  L i t h o s t r o t i o n e l l a  i n  m idd le  and u p p e r  
p o r t i o n  o f  u n i t ,  (from b ase  : m i c r i t i c  a l g a l  
b i o l i t h i t e ,  w i t h  A r c h a e o l i t h o p h y l l u m , b r y o z o a n s )
(from 2 f e e t  be low t o p :  m i c r i t i c  a l g a l  b i o 
l i t h i t e  w i t h  A r c h a e o l i th o p h y H u m  and C une iphy- 
c u s ) , u n i t  m o s t ly  c o v e red  i n  wash b u t  w e l l -  
exposed  as rounded  c l i f f  on th e  bank s o u t h  o f  
th e  wash 15 .6

10 L im es to ne ,  l i g h t  o l i v e  g ray  (5 Y 6 /1 )  , w e a th e r s
y e l l o w i s h  g ray  (5 Y 7 / 2 ) ,  medium- and even-  
b edded ,  [Top: T .S .  719: f i n e  c a l c i r u d i t e :  
m i c r i t i c ,  e ch ino d erm -b ryo zo an  b i o s p a r r u d i t e
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w i t h  b r a c h i o p o d s ,  t r i l o b i t e  f r a g m e n ts ,  f o r -  
a m i n i f e r s ,  numerous emboyed c o n t a c t s  and 
m i c r o s t y l o l i t e s ,  some d r u s y  c o a t i n g s ,  and 
r im  c e m e n t a t i o n  on ech inoderm  p l a t e s ) ,  forms 
p ro m in e n t  bench o r  l e d g e  a l l  a lo n g  h i l l s i d e  
a s  w e l l  as  i n  wash, and makes good l a t e r a l  
m arker  5 .6

Covered 8 .5

M o s t ly  c o v e r e d ,  l im e s t o n e  bed a t  base  and top  
o f  t h i s  u n i t ,  b o th  even-  and medium-bedded, 
c o v e re d  be tween  9.2

L im es to n e ,  medium l i g h t  g ra y ,  w e a th e r s  l i g h t  
g r e e n i s h  g r a y  (5 G 8 / 1 ) ,  even-  and medium- 
bedded ,  (Middle:  c o a r s e  c a l c a r e n i t e :  b ryozoan  
b i o s p a r i t e ,  w i t h  ech inoderm  p l a t e s ) ,  moss- 
c o v e r e d ,  and p o o r l y  exposed 4 .2

L im es to n e ,  medium g r a y ,  w e a th e r s  l i g h t  o l i v e  
g r a y  (5 Y 6 / 1 ) ,  medium-bedded, c r o s s - b e d d e d ,  
i r r e g u l a r  s h a l e  p a r t i n g s ,  (Top: T .S .  A-171: 
f i n e  c a l c i r u d i t e :  r e c r y s t a l l i z e d  b ryozoan-  
a l g a l  b i o s p a r u d i t e ,  w i t h  G i r v a n e l l a , c y l i n 
d r i c a l  g r e e n  a l g a e  2.8

L im e s to n e ,  medium g r a y ,  w e a th e r s  medium l i g h t  
g r a y ,  t h i n -  to  medium-bedded, even -bedded  i n  
lower  two t h i r d s ,  becoming s l i g h t l y  u n d u l a t o r y  
i n  u p p e r  o n e - t h i r d ,  ( 4 .5  f e e t  above b a s e :  T .S .
718: f i n e  c a l c i r u d i t e :  p a r t l y  r e c r y s t a l i z e d  
b ry o zo an  b i o m i c r u d i t e  w i t h  echinoderm p l a t e s ,  
b r a c h i o p o d  f r a g m e n ts  and s p i n e s ,  t r i l o b i t e  
f r a g m e n t s ,  m i c r o s t y l o l i t e s ,  embayed c o n t a c t s ) ,  
u n i t  forms s e r i e s  o f  l e d g e s  i n  t h e  wash and 
g e n e r a l l y  i s  w e l l - e x p o s e d  12.2

L im es to n e ,  medium l i g h t  g r a y ,  w e a th e r s  p a l e  
y e l l o w i s h  brown and g r a y i s h  o r a n g e ,  t h i n -  to  
medium-bedded,  sandy ,  (Middle:  sandy ,  b r y o 
zoan- ech inoderm  b i o s p a r i t e ,  w i t h  20 to  25% 
v e r y  f i n e  sa n d ,  c o n t a i n s  sponge s p i c u l e s ,  
s l i g h t l y  g l a u c o n i t i c ) ,  g e n e r a l l y  p o o r l y  e x 
p o s e d ,  low er  1 .5  f e e t  c o v e r e d ,  s e v e r a l  t h i n  
i n t e r v a l s  w i t h i n  u n i t  a l s o  c o v e r e d ,  u p pe r  4 
f e e t  becomes s h a l y  and p o o r l y  exposed  15.5

S a n d s to n e ,  medium g r a y ,  w e a th e r s  l i g h t  b l u i s h  
g r a y  (5 B 7 /1 )  and b l u i s h  w h i te  (5 B 9 / 1 ) ,  
t h i n -  and ev en -b ed d e d ,  f o s s i l i f e r o u s ,  (Base:  
f o s s i l i f e r o u s ,  f i n e - g r a i n e d  s a n d s t o n e ) ,  forms
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s l i g h t  l edg e  abou t  12 f e e t  above th e  l e v e l
o f  t h e  fo rm er  ro ad  3 .6

S h a l e ,  m o s t ly  c o v e r e d ,  medium l i g h t  g ray  
w e a th e r s  l i g h t  o l i v e  g r a y ,  becomes sandy n e a r  
t o p ,  l im e s to n e  s t r i n g e r s  (o f  b i o s p a r i t e )  o c cu r  
t h r o u g h o u t  u n i t  7 .1

S a n d s to n e ,  medium g r a y ,  w e a th e r s  v e ry  p a l e  
o range  (10 YR 8 / 2 ) ,  t h i n - b e d d e d ,  ev en -b ed d e d ,
(Top: f o s s i l i f e r o u s ,  l i m o n i t i c ,  a r g i l l a c e o u s ,  
f i n e - g r a i n e d  s a n d s t o n e ,  w i t h  ech inoderm  p l a t e s ,  
p r o d u c t i d  f rag m en ts  and s p i n e s ,  M i l l e r e l l a , 
c l a y  p a r t i n g s  and p o c k e t s ) ,  forms l e d g e  a t  t h e  
l e v e l  o f  th e  fo rm er  ro a d  abou t  20 f e e t  above 
th e  l e v e l  o f  th e  A rkansas  R i v e r ,  Webbers F a l l s  
R e s e r v o i r  has i n u n d a t e d  b a s a l  u n i t s  2 .8

Measured S e c t i o n  3: McCully Ranch S e c t i o n

L o c a t io n :  S l / 2 ,  NWl/4, SWl/4, Sec. 34, T. 13 N . , R. 20 E . , 
Muskogee County,  Oklahoma.

Measured S e c t i o n  3 i s  l o c a t e d  on M cC u l ly ' s  Road fo u r  

m i le s  n o r t h w e s t  o f  Webbers F a l l s ,  Oklahoma. I t  i s  s i t u a t e d  

800 y a r d s  n o r t h w e s t  a long  th e  ro a d  from th e  U.S. Army Corps 

o f  E n g in e e r s  monument which  marks t h e  w es t  end o f  t h e  

Webbers F a l l s  Lock and Dam #16 a x i s .  A l s o ,  i t  i s  1200 y a rd s  

n o r t h w e s t  a long  th e  ro ad  from t h e  O b s e r v a t i o n  S t a t i o n  con

s t r u c t e d  by th e  Corps o f  E n g in e e r s  o v e r lo o k in g  t h e  dam.

U n i t s  1 to  9 a r e  l o c a t e d  on th e  s l o p e  and c l i f f  e a s t  o f  the  

road  commencing a t  a p o i n t  p e r p e n d i c u l a r  to  t h e  f o o t  o f  the  

s t e e p e s t  i n c l i n e  o f  th e  road .  U n i t s  8 to  12 a r e  l o c a t e d  

w es t  o f  t h e  ro ad  a long  t h i s  h i l l ,  and u n i t s  12 to  24 a re  

l o c a t e d  on th e  h i l l  ("Goat H i l l " )  w e s t  o f  t h e  r o a d  commencing 

w i t h  u n i t  12 a t  ro ad  l e v e l  and ending  w i t h , t h e  p ro m in e n t  

s a n d s to n e  le d g e s  o f  th e  Atoka Fo rm a t io n  n e a r  t h e  top  of
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"Goat  H i l l " .  S e c t i o n  o r i g i n a l l y  measured in  A u g us t ,  1963,

b u t  r e v i s e d  and m o d if i e d  on s e v e r a l  o c ca s ion s  d u r in g  th e

p e r i o d  1964-1968. Measurements and d e s c r i p t i o n s  by David A.

K o t i l a .

UNIT DESCRIPTION THICKNESS (FEET)

Atoka Form ation

24 S a n d s to n e ,  g r a y i s h  orange and p a l e  y e l l o w 
i s h  brown, w e a th e r s  m odera te  y e l l o w i s h  brown 
and da rk  y e l l o w i s h  brown, t h i n -  to  v e ry  t h i n -  
bedded ,  even-bedded ,  p l a t y  s p l i t t i n g ,  v e ry  
c a l c a r e o u s ,  (Base: l i m o n i t i c ,  c a l c i t e -  
cemented s a n d s t o n e ,  m ed ium -gra ined ,  w i th  
rounded t o  subrounded g r a i n s ,  c o n ta in s  10% 
ven^ c o a r se  sand and f i n e  g r a n u le s  o f  q u a r t z ) , 
r e l a t i v e l y  l o o s e ly - c e m e n te d ,  such  t h a t  u n i t  
i s  g e n e r a l l y  n o t  w e l l - e x p o s e d  2 .5

23 C ong lom era te ,  many shades  o f  g ray  and brown,
e s p e c i a l l y  p a l e  brown, w e a th e r s  s e v e r a l  
sh ad es  o f  brown, e s p e c i a l l y  b rownish  g r a y ,  
e s s e n t i a l l y  non-bedded  and i n  p l a c e s  f u s e d  
o r  welded  t o  top o f  u n d e r l y i n g  u n i t ,  ( l i m o n i 
t i c ,  f o s s i l i f e r o u s  p e b b le  c o n g lo m era te ,  w i t h  
p e b b le s  o f  c l a y ,  s i l t y  c l a y ,  a r g i l l a c e o u s  
s i l t s t o n e ,  and b i o m i c r i t i c  l i m e s t o n e ,  i n  ma
t r i x  o f  medium- to  c o a r s e - g r a i n e d  sand and 
f i n e  g r a n u l e s  o f  q u a r t z ,  c o n ta in i n g  c r i n o i d  
f r a g m e n t s ,  some up to  15 m i l l i m e t e r s  lo n g ,  
l a r g e  echinoderm p l a t e s  and s p i n e s ,  b ry o z o a ,  
whole b u t  b ad ly  w e a th e re d  s o l i t a r y  rugose  
c o r a l s  and f rag m en ted  c o r a l s ,  b o t h  ru go se  
and t a b u l a t e ,  and bone f r a g m e n ts ,  some o f  
p e b b le s  e n c r u s t e d  w i t h  O sag ia  a n d /o r  b r y o z o a ,  
t h i c k n e s s  v a r i e s ,  averages  0 .5

Morrow Form ation

22 L im es tone ,  medium d a rk  g r a y ,  w e a th e rs  p a l e  
y e l l o w i s h  brown and b rownish  g ra y ,  medium- 
bedded ,  u p p e r  s u r f a c e  ve ry  i r r e g u l a r  w i t h  u n i t  
23 f i l l i n g  i r r e g u l a r i t i e s ,  f i n e - g r a i n e d ,  s l a b b y  
s p l i t t i n g ,  (Top: medium c a l c a r e n i t e :  p a r t l y  r e 
c r y s t a l l i z e d  b ryozoan  b i o m i c r i t e ,  w i th  s p a r s e l y  
s c a t t e r e d  echinoderm p l a t e s ) , forms bench n e a r



119
to p  o f  h i l l  below Atoka c o n t a c t ,  t h i c k n e s s  
v a r i e s ,  a v e ra g e s  2 .8

21 L im es tone ,  medium d a r k  g ray  w e a th e r s  o l i v e
g ray  (5 Y 4 / 1 ) ,  even -b ed d e d ,  medium-bedded, 
f i n e - g r a i n e d ,  (Top: p a r t l y  r e c r y s t a l l i z e d  
b ryozoan  b i o m i c r i t e  w i t h  echinoderm p l a t e s ,  
b r a c h i o p o d s ,  e n c r u s t i n g  f o r a m i n i f e r s ) , 
w e a th e r s  smooth, forms subdued bench 3 .6

20 Covered i n t e r v a l ,  measured  by J a c o b ' s  S t a f f
and Abney L e v e l ,  and checked by t r i g o n o m e t r i c  
means th ro u g h  p l a n e  t a b l e  s u r v e y i n g ,  d a r k  g ray  
s h a l e  r e v e a l e d  by d ig g in g  and p r e s e n t  i n  
s e v e r a l  c o re s  by Amis C o n s t r u c t i o n  Company 
(Oklahoma C i t y ) ,  s l o p e - f o r m i n g  31.5

19 L im es ton e ,  s t r i n g e r - t y p e  bed p r e s e n t  o n ly
l o c a l l y  and r e v e a l e d  i n  some c o r e s ,  (T .S .  686 
and 687: a l g a l  b i o l i t h i t e ,  w i t h  O t t o n o s i a  in  
d i g i t a t e  and plumose e n c r u s t i n g  c o l o n i e s  - 
c i r c u l a r  in  o u t l i n e )  g e n e r a l l y  p o o r l y  e x p o sed ,  
t h i c k n e s s  v a r i e s  0 to  0.5  f e e t ,  a v e r a g e s  0 .2

18 Covered 1 .5

17 L im es tone ,  p a l e  y e l l o w i s h  brown w e a th e r s
g r a y i s h  o ra n g e ,  t h i n -  and ev en -b ed d e d ,  c o n g l o 
m e r a t i c  i n  a p p ea ra n c e  due t o  p r e s e n c e  o f  a l 
g a l  o n c o l i t h s ,  (Top: T .S .  685: o n c o l i t h i c ,  
O s a g ia - c o a t e d ,  o o l i t e - b e a r i n g ,  f o s s i l i f e r o u s  
i n t r a s p a r r u d i t e ) , g e n e r a l l y  p o o r l y  e x p o sed ,  
f o s s i l i f e r o u s  2 .5

16 Covered 2 .0

15 L im es tone ,  medium d a r k  g r a y ,  w e a th e r s  l i g h t
o l i v e  g ray  (5 Y 6 / 1 ) ,  medium- and uneven-  
bedded ,  upper  p o r t i o n  sandy i n  a p p e a ra n c e  
becoming f i n e - g r a i n e d  in  lower  p o r t i o n ,  (1 
f o o t  below to p :  medium c a l c a r e n i t e :  a r e n a 
c e o u s ,  d o l o m i t i c ,  c o a t e d - e c h in o d e r m  b i o 
s p a r i t e ,  w i th  a lg a e  and b r y o z o a n s ) ,  t o t a l  
t h i c k n e s s  u n c e r t a i n  due to  p o o r l y  exposed  
n a t u r e ,  and s i n c e  b a se  n o t  ex po sed ,  maximum 
exposed  t h i c k n e s s  4 .7

14 Covered 5.2

13 L im es to n e ,  g r a y i s h  r e d  (10 R 4 /2 )  w e a th e r s
g r a y i s h  r e d  (5 R 4 / 2 ) ,  medium- and even- 
b edded ,  l o c a l l y  w e a th e r s  u n e v e n ly ,  u pp e r
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s u r f a c e  c o n t a i n i n g  o n c o l i t h s ,  b l a s t o i d s ,  
p r o d u c t i d s ,  c o a r s e  c r i n o i d a l  d e b r i s , lower  
c o n t a c t  sh a rp  and u n d u l a t i n g  w i t h  a l g a l  b i o 
m i c r u d i t e  and a l g a l  b i o l i t h i t e s  e x c e p t  where 
t h i n  s h a l e  (2 to  4 i n c h e s )  i s  p r e s e n t  b e 
tween th e  u n i t s ,  (Top: c o a r s e  c a l c a r e n i t e :  
d o l o m i t i c ,  i n t r a c l a s t - b e a r i n g ,  echinoderm 
b i o m i c r i t e ,  w i t h  b r y o z o a n s , b r a c h i o p o d s ,
M i l l e r e l l a ) , c o n t a i n s  o n c o l i t h s  o f  p red om i
n a t e l y  C u n e ip hy cu s , forms p ro m in en t  ledge  
o v e r l y i n g  the  r u b b l y ,  s h a l y ,  a l g a l  u n i t  
be low 1 .8

12 L im es tone  and s h a l e ,  d i v i s i b l e  i n t o  fo u r
d i s t i n c t  p a r t s  l i s t e d  and d e s c r i b e d  s e p a r a 
t e l y  be low; 12C forms th e  t o p ,  12B th e  middle  
p o r t i o n ,  12A th e  low er  p o r t i o n ,  and 12AL- 
l e n s e s  a r e  found i n  12A, t o t a l  t h i c k n e s s  o f  
e n t i r e  u n i t  h i g h l y  v a r i a b l e  from 19 to  30 
f e e t ,  a v e rag e s  about  24.0

12-C L im estone  and s h a l e ,  bed d ing  v e ry  ob
s c u r e ,  s h a l y ,  r u b b l y ,  and ve ry  i r r e 
g u l a r ;  s h a l e  m a in ly  o l i v e  g r a y ,  wea
t h e r s  l i g h t  o l i v e  g r a y ,  d i s t o r t e d ,  d i s 
c o n t i n u o u s ,  g e n e r a l l y  c o n ta in s  f i n e  
f o s s i l  d e b r i s  and some bryozoan  m a t e r 
i a l ,  sometimes t r a n s i t i o n a l  b o t h  v e r 
t i c a l l y  and l a t e r a l l y  w i t h  l i m e s t o n e s :
L im es to n es ;  a l g a l  b i o l i t h i t e s ,  a l g a l  
b i o m i c r u d i t e s , and ty p es  t r a n s i t i o n a l  
be tween t h e s e  two,  c o n t a i n i n g  e n c r u s 
t i n g  f o r a m i n i f e r s ,  M i l l e r e l l a , b r y o 
z o a n s ,  c o r a l s  i n c l u d i n g  L i t h o s t r o 
t i o n e l l a , b r a c h i o p o d s ,  e t c .  b u t  n o t  i n  
g r e a t  abundance ,  abundant  c la y  p a r t i n g s ,  
l e n s e s  and p o c k e t s ,  w e a th e r s  v e ry  
r u b b l y  where c l a y  p a r t i n g s  and l e n s e s  
abound, w e a th e r s  smooth w i t h  f i n e 
g r a i n e d  ap p ea rance  where c l a y  p a r t i n g s  
and l e n s e s  a re  a b s e n t ,  t h i c k n e s s  h i g h l y  
v a r i a b l e ,  b u t  a v e r a g in g  abou t  13 f e e t

12-B L im es to ne ,  p a l e  y e l l o w i s h  brown, wea
t h e r s  same, l e n s i n g ,  t o  d i s t i n c t  bedd ing  
e v i d e n t ,  u pp e r  and lower s u r f a c e s  b o th  
v e ry  i r r e g u l a r  and u n d u l a t o r y ,  e x t r e m e ly  
f o s s i l i f e r o u s ,  (Top: f i n e  c a l c i r u d i t e :  
b ryozoan  b i o s p a r r u d i t e  w i t h  abundant  
b l a s t o i d s ,  rug o se  c o r a l s ,  t a b u l a t e  
c o r a l s ,  p e le c y p o d s ,  g a s t r o p o d s ,  b r a c h i o 
p o d s ,  A r c h a e o l i t h o p h y l lu m ) , v a r i e s
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g r e a t l y  l a t e r a l l y ,  l o c a l l y  r i c h  in  
g o n i a t i t e  c e p h a lo p o d s , E o a s i a n i t e s , 
G a s t r i o c e r a s , and g a s t r o p o d s ,  AcIT- 
s i n a , E u c o n o s p i r a , and b r a c h i o p o d s ,  
C o m p o s i ta , H u s t e d i a , B e e c h e r i a , some 
p r o d u c t i d s , P u n c t o s p i r i f e r , and 
S p i r i f e r , forms p ro m in e n t  l e d g e ,  
t h i c k n e s s  v a r i e s  from 1 .5  to  3 .8  f e e t ,  
a v e ra g e s  (2 .4 )

12-A L im es tone  and s h a l e :  l im e s to n e  ve ry  
i r r e g u l a r ,  w e a t h e r s  r u b b l y ,  l e n s i n g ,  
numerous c l a y  p o c k e t s  and p a r t i n g s ,
(Middle:  a l g a l  b i o l i t h i t e s  and a l g a l  
b i o m i c r u d i t e s ,  w i t h  A r c h a e o l i t h o p h y l lu m  
la m e l lo s u m , and A. m i s s o u r i e n s i s  p r e 
d o m in a n t ly ,  some b r y o z o a n s ,  b r a c h i o 
p o d s ,  f o r a m i n i f e r s ,  b l a s t o i d s ,  p e c u l i a r  
ty p e  o f  r e c r y s t a l l i z a t i o n  re sem b l in g  
s u n b u r s t s ,  i n  a l l  s t a g e s  o f  r e c r y s t a l 
l i z a t i o n ;  s h a l e ,  o l i v e  g ray  w e a th e r s  
l i g h t  o l i v e  g r a y ,  f i s s i l e ,  s l i g h t l y  
s i l t y ,  c o n t a i n s  f o s s i l  h a s h ,  v e ry  i r 
r e g u l a r  v e r t i c a l l y  and d i s c o n t i n u o u s  
l a t e r a l l y ,  f i l l s  i n  and a round  i r r e g u 
l a r i t i e s  o f  t h e  l e n s i n g  l i m e s t o n e s ,  
l o c a l l y  q u i t e  f o s s i l i f e r o u s ;  t h i c k n e s s  
o f  t h i s  p hase  o f  u n i t  12 i s  e x t r e m e ly  
v a r i a b l e  from 3 .4  t o  ove r  10 f e e t ,  
a v e r a g i n g  a b ou t  8 .5  f e e t

12-AL L im es to n e ,  l i g h t  b ro w n ish  g ra y  (5 YR 6 / 1 ) ,  
w e a th e r s  g r a y i s h  o ran g e ,  o c c u r s  as 
l e n s e s  and s t r i n g e r s  i n  lower  p o r t i o n  
o f  u n i t  12, p i n c h i n g - o u t  l a t e r a l l y ,
(from m idd le  o f  12-A; f i n e  c a l c i r u d i t e :  
a l g a l - e c h i n o d e r m  b i o s p a r r u d i t e ,  w i th  
A r c h a e o l i t h o p h y l lu m  l a m e l l o sum and A. 
m i s s o u r i e n s i s  somewhat a b ra u e 3  and 
b r o k e n ) ; t h i c k n e s s  o f  t h e s e  l e n s e s  and 
s t r i n g e r s  v a r i e s  from 0 .0  f e e t  to  0 .5  
f e e t ,  a v e ra g in g  0 .2  f e e t

11 L im es to n e ,  lower h a l f  o f  u n i t  medium g r a y ,  wea
t h e r s  l i g h t  o l i v e  (5 Y 6 /1 )  g ray  and p a l e  y e l 
lo w is h  brown, upper  h a l f  p a l e  r e d  (5 R 6 /2 )  
w e a th e r s  l i g h t  b ro w n ish  g r a y ,  t h i n -  and even- 
bed d ed ,  f o s s i l i f e r o u s ,  i n t e r b e d d e d  i n  lower 
h a l f  w i t h  t h i n  s h a l e s  a v e r a g in g  1 to  2 in ch e s  
t h i c k  which a re  m o d era te  y e l l o w i s h  brown, (Top: 
f i n e  c a l c i r u d i t e :  ech inoderm  b i o s p a r r u d i t e ,  
w i t h  b r y o z o a n s ,  b r a c h i o p o d s ,  t r i l o b i t e  f r a g -
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merits ,  p l a t y  a l g a e ,  and c o n t a i n i n g  some 
rounded  p e b b le s  o f  f o s s i l i f e r o u s  o o s p a r i t e ) ,
(8 f e e t  below to p :  medium- to  c o a r s e  c a l 
c a r e n i t e  and f i n e  c a l c i r u d i t e :  i n t e r l a m i n a t e d ,  
c u r r e n t - s o r t e d ,  somewhat m i c r i t i c ,  f o s s i l i 
f e r o u s  o o s p a r i t e ,  and o o l i t i c  b i o s p a r r u d i t e ,  
w i t h  b r y o z o a n s ,  ech inoderm  p l a t e s ,  b r a c h i o 
pod f r a g m e n t s ,  g a s t r o p o d s ,  c o r a l s ,  most o f  
f o s s i l s  c o a t e d  r e s e m b l in g  s u p e r f i c i a l  o o l i t e s ) , 
beds t h i c k e n  and t h i n  l a t e r a l l y  from few 
in c h e s  t o  s e v e r a l  i n c h e s ,  t o t a l  t h i c k n e s s  o f  
u n i t  u n c e r t a i n ,  due to  f o l d  p r e s e n t  th ro u g h  
u pper  p o r t i o n  o f  t h i s  u n i t  a long  th e  ro ad  
where m easu red ,  b u t  t h i c k n e s s  a p p ro x im a te ly  25 .5

10 S h a l e ,  o l i v e  g r a y ,  w e a th e r s  l i g h t  o l i v e  g r a y ,
c o n t a i n s  some p l a n t  i m p r e s s i o n s ,  and some i n 
v e r t e b r a t e  f o s s i l s ,  b u t  t h e s e  a r e  m ain ly  
c r u s h e d ,  f o s s i l s  i n c l u d e ,  P e n t r e m i t e s  r u s t i - 
c u s , C om pos i ta , H u s t e d i a , Koninckophy l lum ,
M i c h e l . i n i a , and c ru s h e d  p r o d u c t i d s  3 .2

9 L im es tone  and s h a l e ,  l i m e s t o n e :  medium g ray
and medium l i g h t  g r a y ,  w e a th e r s  p a l e  y e l l o w i s h  
broTO, l i g h t  o l i v e  g ray  (5 Y 5 / 2 ) ,  and g r a y i s h  
y e l l o w ,  t h i n -  to  medium-bedding i r r e g u l a r ,  and 
w e a t h e r i n g  r u b b ly  i n  u p p e r  p a r t ,  u pper  p a r t  
o f  u n i t  e x t r e m e ly  i r r e g u l a r  b u t  p a r t l y  due to  
s y n c l i n a l  f l e x u r e ,  (Base:  T .S .  717: f i n e  c a l 
c i r u d i t e :  ech in od erm -b ryo zo an  b i o m i c r u d i t e ,  
w i t h  Com posi ta ) , from m idd le  beds  becoming 
more f o s s i l i f e r o u s  upward, w i t h  numerous beds 
c o a t e d  w i t h  plumose c o l o n i e s  o f  O t t o n o s i a  
s i m i l a r  to  type  and form p r e v i o u s l y  d e s c r i b e d  
i n  u n i t  19, f o s s i l s  i n  u n i t  i n c l u d e  P u n c to - 
s p i r i f e r ,  f r ag m e n ts  o f  S p i r i f e r  g o r e i i , Com
p o s i t a , p r o d u c t i d s ,  s o l i t a r y  rug o se  c o r a l s ,  
b l a s t o i d s ,  b ry o z o a ,  bone f r a g m e n t s ,  u n i t  e x 
p o se d  as l e d g e s  n e a r  d i t c h  on w e s t  s i d e  o f  
r o a d  n e a r  bo t tom  o f  long h i l l ,  t h i c k n e s s  v a r i e s  
from 9 .5  t o  17 .5  f e e t ,  a v e rag e s  13 .5

8 L im es to n e ,  medium g ray  and medium l i g h t  g r a y ,  
w e a th e r s  l i g h t  o l i v e  g ray  (5 Y 6 /1 )  p a l e  y e l 
lo w ish  brown, and g r a y i s h  o ra n g e ,  t h i n -  to  
medium-bedded, ev en -b ed d e d ,  (8 f e e t  above b a s e :
T .S .  716: f i n e  c a l c i r u d i t e :  b ryozoan  b i o s p a r 
r u d i t e ,  w i t h  5% d o l o m i t e ,  r im c e m e n t a t i o n ,  
A r c h a e o l i t h o p h y l l u m , G i r v a n e l l a , M i l l e r e l l a , 
e c h i n o i d  s p i n e s ,  some b r a c h io p o d s  and g a s t r o - 
p o d s ,  abundant  b ry o zo a n s  o f  b o t h  f e n e s t e l l i d  
and f i s t u l i p o r i d  t y p e s ) , t h i s  u n i t  was t r a c e d
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b o th  s i d e s  o f  road  and i s  u sed  f o r  t h e  ro ad  
Gross ing  in  th e  s e c t i o n ;  most obvious d i f f e r 
ence i s  t h a t  t h i s  u n i t  i s  even-bedded ,  u n i t  
9 above i s  q u i t e  i r r e g u l a r  and the  d i f f e r e n c e  
i s  q u i t e  n o t i c e a b l e ,  l o u e r  2 .5  f e e t  o f  u n i t  
8 covered  10.5

L im es ton e ,  medium g r a y ,  w e a th e rs  l i g h t  o l i v e  
g ray  (5 Y 6 /1 )  and p a l e  y e l l o w i s h  brown, t h i n -  
and i r r e g u l a r - b e d d e d ,  a r g i l l a c e o u s ,  s p e c t a c u 
l a r  d r i p s t o n e  d e p o s i t s  a long widened j o i n t s  
in  t h i s  u n i t ,  forms p ro m inen t  ledges  above 
the  s a n d s to n e  c l i f f  below 12.2

S h a le ,  p a l e  brown and l i g h t  b rownish  g r a y ,  
w e a th e rs  p a l e  y e l l o w i s h  broivn, and medium g r a y ,  
c o n ta in s  some b ry o z o a n s ,  c a l c a r e o u s ,  s i l t y ,  
appea rs  g r a d a t i o n a l  w i th  s a n d s to n e  below and 
l im e s to n e  above 3 .5

S a n d s to n e ,  g r a y i s h  o ran g e ,  y e l l o w i s h  g ra y ,  
and l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  w e a th e rs  l i g h t  
o l i v e  g r a y  and p a l e  y e l l o w i s h  brown and v e ry  
p a l e  o ra n g e ,  v e ry  t h i c k - b e d d e d ,  w i th  s l a b b y  to  
f l a g g y  s p l i t t i n g  i n  p l a c e s ,  i r o n - s t a i n e d ,  (5 
f e e t  above b a s e :  l i m o n i t i c ,  c a l c a r e o u s ,  f i n e 
g r a i n e d  s a n d s t o n e ,  w i th  few b ra c h io p o d  f r a g 
m en ts ,  b u t  f o s s i l s  g e n e r a l l y  l a c k i n g ) ,  c l i f f -  
forming 14 .4

Covered 11 .5

L im es tone ,  medium l i g h t  g ray  and l i g h t  brown
i s h  g r a y ,  w e a th e r s  l i g h t  o l i v e  gray  (5 Y 6 / 1 ) ,  
t h i n -  to  medium-bedded,  i r r e g u l a r - b e d d e d ,  v e ry  
p o o r l y  exposed  (Top: T .S .  714: c o a r se  c a l c a r e 
n i t e :  h e m a t i t e - s t a i n e d ,  echinoderm b i o s p a r i t e ,  
w i th  b ry o z o a n s ,  and b ra c h io p o d  f r a g m e n t s ) ,  
ve ry  p o o r ly  exposed 4 .1

Covered and sandy s h a l e  in  lower  p o r t i o n s  o l i v e  
g ray  s h a l e  w i t h  f i n e -  to  m edium-gra ined  sand  
l e n s e s ,  c o n t a i n i n g  abundant  Lepidodendron and 
v a r i o u s  o t h e r  p l a n t  im p re s s io n s  9 .5

P i t k i n  Form ation

L im es tone ,  medium g r a y ,  w e a th e rs  ve ry  l i g h t  
g r a y ,  l i g h t  o l i v e  g r a y ,  (5 Y 6 /1)  and p a l e  y e l 
lo w is h  brown, t h i c k  and even -bedded ,  b a se  n o t  
exposed ,  (Top: medium c a l c a r e n i t e :  m o d e ra te ly  
w e l l - s o r t e d ,  t i g h t l y - p a c k e d ,  f o s s i l i f e r o u s
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o o m i c r i t e ,  w i t h  about  75% o o l i t e s ,  25% c o a te d  
and rounded f o s s i l  f r a g m e n t s ) , c o n t a c t  between 
Morrow and P i t k i n  n o t  w e l l - e x p o s e d  h e r e ,  b u t  i s
exposed  i n  d i t c l i  by M cC ul ly 's  Road i n  Measured
S e c t i o n  4 ,  c o n ta in s  some A rch im edes , c l i f f -  
fo rm ing  10 .4

Measured S e c t i o n  4; McCully N o r th

L o c a t io n :  N E l /4 ,  N E l /4 ,  S E l /4 ,  Sec. 33, T. 13 N . , R. 20 E . , 
Muskogee County, Oklahoma.

Measured S e c t i o n  4 i s  l o c a t e d  on w es t  s i d e  o f  McCully 

Road ab o u t  200 y a rd s  n o r t h  from bo t tom  o f  long h i l l  o f  Mea

s u r e d  S e c t i o n  3, and abou t  50 to  75 y a rd s  n o r t h  o f  th e  c a t t l e

g u a rd  t h a t  c r o s s e s  ro ad .  U n i t s  1 t h r o u g h  5 a re  exposed  in  

d i t c h  on w es t  s i d e  of  r o a d ,  u n i t s  6 t h ro u g h  8 measured  up the  

h i l l  p e r p e n d i c u l a r  to  ro ad  from exposed  P i tk in -M orro w  c o n t a c t .  

S e c t i o n  m easured  i n  J u n e ,  1965 by David A. K o t i l a .

UNIT DESCRIPTION THICKNESS (FEET)

Morrow Form ation

8 L im estone  w i t h  s a n d s to n e  a t  b a s e :  l i m e s t o n e ,
o l i v e  g ray  (5 Y 4 / 1 ) ,  w e a th e r s  m odera te  y e l 
lo w ish  brown, t h i n -  to  medium-bedded,  c r o s s 
bedded ,  many beds w i t h  rounded  r i p p l e  marks 
m easu r in g  up to  4 .5  f e e t  from c r e s t - t o - c r e s t , 
beds l e n s i n g  and w e d g e - l i k e  in  upper  t h i r d  of  
u n i t ,  beds s e p a r a t e d  by t h i n  s h a l e  p a r t i n g s  
w e a th e re d  deep ly  b a c k ,  (Middle:  sandy b i o 
s p a r r u d i t e )  , s a n d s to n e  o c c u rs  i n  b a s a l  3 f e e t ,  
t o t a l  t h i c k n e s s  o f  u n i t  14.5

7 Covered 13 .5

6 C o n g lo m era t ic  l i m e s t o n e ,  medium g r a y ,  w e a th e r s
l i g h t  o l i v e  gray  (5 Y 6 /1 )  and g r a y i s h  o ra n g e ,  
wedg ing ,  s a n d y ,  p o o r l y  exposed ,  ( f i n e  c a l c i 
r u d i t e :  sandy ,  c o n g lo m e r a t i c ,  p o o r l y - s o r t e d  
b i o m i c r u d i t e ,  w i th  p e b b le s  o f  p h o sp h a te  and 
c a r b o n a t e ,  p lu s  ech inoderm  p l a t e s , b r y o z o a n s ,  
s p i c u l e s ,  b r a c h i o p o d s ,  g a s t r o p o d s ,  v e r t e b r a t e
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f r a g m e n t s ) ,  t h i c k n e s s  v a r i e s  from 0.2  to  1 .8
f e e t ,  a v e rag e s  1 .0

A r g i l l a c e o u s  mudstone and s h a l e ,  upper  h a l f  
p a l e  o l i v e  (10 Y 6 /2 )  , w e a th e r s  p a l e  y e l l o w i s h  
broivn (10 YR 6 /2)  , n o t  s i l t y ,  p l a t y  to  b lo ck y  
s p l i t t i n g ,  n o n c a l c a r e o u s , c o n t a i n s  i r o n s t o n e  
c o n c r e t i o n s ;  lower  h a l f  medium d a rk  gray  s h a l e  
w e a th e r s  l i g h t  o l i v e  g r a y  (5 Y 6 / 1 ) ,  s i l t y ,  
n o n c a l c a r e o u s ,  t h i c k n e s s  o f  e n t i r e  u n i t  5 .6

P i t k i n  Form ation

L im es to n e ,  medium l i g h t  g ray  w e a th e r s  l i g h t  
o l i v e  g r a y  (5 Y 5 /2 )  and p a l e  y e l l o w i s h  o ra n g e ,  
medium- t o  t h i c k - b e d d e d ,  w e a th e r s  smooth, (1 
f o o t  below to p :  T .S .  689: c o a r s e  c a l c a r e n i t e :  
m i c r i t i c  f o s s i l i f e r o u s  o o s p a r i t e  w i th  moder
a t e l y  good s o r t e d  m a t r i x ,  t i g h t  p a c k in g ,  d i f 
f e r e n t i a l  r e c r y s t a l l i z a t i o n  o f  c l a s t s ,  con
t a i n s  ech inoderm  p l a t e s  and s p i n e s ,  b r y o z o a n s ,  
b r a c h io p o d  f r a g m e n t s ,  A rc h im edes , M i l l e r e l l a  
and o t h e r  f o r a m i n i f e r s ) , forms p ro m inen t  bench 
on w e s t  s i d e  o f  ro ad  i n  d i t c h  and a t  ba se  o f  
s l o p e  6 .8

NOTE: The u pper  s u r f a c e  o f  bed  i s  u p p e r 
most P i t k i n ,  and found on s u r f a c e ,  
w hich  i s  w e l l - e x p o s e d  i n  t h e  d i t c h ,  
a r e  numerous worn and a b raded  
A rch im edes , and numerous p h o s p h a te  
p e b b le s  r a n g in g  in  s i z e  from 1 to  
7 m i l l i m e t e r s .  An X-ray  d i f f r a c 
t i o n  a n a l y s i s  i d e n t i f i e d  t h e  p h o s 
p h a t e  as c a r b o n a t e - f l u o r a p a t i t e .

L im es to n e ,  medium g ray  w e a th e r s  p a l e  y e l l o w i s h  
broxm, t h i n - b e d d e d ,  w e a th e r s  i r r e g u l a r l y ,  ( f i n e  
c a l c i r u d i t e :  p a r t l y  r e c r y s t a l l i z e d ,  b i o m i c r u 
d i t e ,  s u p e r f i c i a l  o o l i t e ,  w i t h  A rc h im e d es , 
ech inoderm  p l a t e s ,  g a s t r o p o d s ,  b r a c h i o p o d s , 
w i t h  a l g a l  c o a t i n g s  on most c l a s t s ) , Archimedes 
v e ry  abundan t  w i t h  long  s t e m s ,  l e d g e - f o rm in g  2 .8

S h a l e ,  l i g h t  g ray  w e a th e r s  p a l e  y e l l o w i s h  brown, 
d a rk  y e l l o w i s h  o ra n g e ,  and y e l l o w i s h  g r a y ,  a l 
most p u re  c l a y ,  v e ry  c a l c a r e o u s ,  w i t h  some o n 
c o l i t h s  and p e b b le s  3 .7

L im es to n e ,  medium l i g h t  g ra y ,  w e a th e r s  g r a y i s h  
o ra n g e ,  medium-bedded, c r o s s - b e d d e d ,  c o n ta in s
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numerous A rc h im e d es , (Top: c o a r s e  c a l c a r e n i t e :  
l i m o n i t i c ,  o o l i t i c ,  b i o p e l s p a r i t e , w i th  e c h i n o 
derm p l a t e s ,  b r y o z o a n s ,  b ra c h io p o d  f r a g m e n t s ,  
f o r a m i n i f e r s ) , c rops  o u t  as l ed g e s  i n  th e  
d i t c h  3 .8

M easured  S e c t i o n  5: B e tsy  Lee Creek

L o c a t i o n :  NWl/4, NWl/4, Sec. 33, T. 13 N . , R. 20 E . ,
Muskogee County ,  Oklahoma.

T h is  s e c t i o n  i s  l o c a t e d  a long  Be tsy  Lee Creek and in

a d j a c e n t  q u a r r y .  I t  i s  e a s i l y  app roached  by f o l lo w in g  newly

c o n s t r u c t e d  q u a r r y  ro ad  n o r th w a r d  t o  q u a r r y .  The q u a r r y  ro a d

i n t e r s e c t s  main g r a v e l  ro a d  i n  t h e  S E l /4 ,  S E l /4 ,  N E l /4 ,  Sec.

32, T. 13 N . , R. 20 E. U n i t s  1-10 a re  exposed  a long  Be tsy

Lee Creek  downstream from q u a r r y .  Remainder of  u n i t s  a re

exposed  i n  and n e a r  q u a r r y  i t s e l f  and up th e  h i l l  above

q u a r r y .  S e c t i o n  m easured  and d e s c r i b e d  by David A. K o t i l a

and R i c h a r d  A. K o t i l a  on J u l y  4 ,  1963, m o d i f i e d  by Bruce

Haugh and David  Bowlby i n  1966-1967 ,  and r e v i s e d  by Douglas

R ic h  and David  A. K o t i l a  i n  F e b r u a r y ,  1968.

UNIT DESCRIPTION THICKNESS (FEET)

Morrow Fo rm a t ion

16 L im e s to n e ,  medium g r a y ,  l i g h t  o l i v e  g ray  (5
Y 6 /1 )  and l i g h t  b ro w n ish  g r a y ,  w e a th e r s  med
ium g r a y ,  medium l i g h t  g r a y ,  da rk  y e l l o w i s h  
o r a n g e ,  and g r a y i s h  o r a n g e ,  bedd ing  h i g h l y  
i r r e g u l a r  and u n even ,  d i s t i n c t  beds r a r e ,  
h i g h l y  a l g a l ,  s h a l y  p o c k e t s ,  f o s s i l i f e r o u s  
e s p e c i a l l y  i n  lower  few f e e t  j u s t  above q u a r r y  
f a c e ,  w e a th e r s  r u b b l y ,  (B ase ,  m id d le ,  and top  
a l l  e s s e n t i a l l y  same: m i c r i t i c  a l g a l  b i o l i t h i t e -  
b i o m i c r u d i t e  t r a n s i t i o n ,  w i t h  A r c h a e o l i t h y o - 
phy l lum  m i s s o u r i e n s i s , Cuneiphycus t e x a n a ,
O s a g i a , K oninckophy l lum , b r y o z o a n s ,  f o r a m i n i -  
f e r s ) , numerous s h a l y  p a r t i n g s  s i g n i f i c a n t l y
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a f f e c t  w e a t h e r i n g ,  where s h a l e  p a r t i n g s  
p r e s e n t ,  w e a th e r s  r u b b ly  and u n i t  p o o r l y  
exposed ;  where c l a y  p a r t i n g s  l a c k i n g ,  wea
t h e r s  smooth and occu rs  as subdued and i r 
r e g u l a r  l e d g e s ,  t h i c k n e s s  v a r i e s  10 t o  20 .5  
f e e t ,  av e rag e s  1 4 .5

15 L im es tone  and s h a l e :  l im e s t o n e ,  medium da rk  
g r a y ,  w e a th e r s  medium l i g h t  g r a y  and g r a y i s h  
o ra n g e ,  v e r y  i r r e g u l a r l y - b e d d e d  and r u b b l y ,
(1 f o o t  above b a s e :  T .S .  A-135: a l g a l  b i o 
l i t h i t e ,  w i t h  A r c h a e o l i t h o p h y l lu m  lam e l lo su m ) , 
s h a l e ,  l i g h t  o l i v e  g r a y ,  d i s c o n t i n u o u s ,  v e ry  
wavy and d i s t o r t e d ;  uppermost  bed i n  u n i t  i s  
c r i n o i d a l - b l a s t o i d a l - b r y o z o a n  b i o s p a r r u d i t e , 
s i m i l a r  t o  u n i t  12-AL a t  Measured S e c t i o n  3 
(McCully Ranch) ,  t h i s  u n i t  b e s t  exposed  as 
upperm ost  5 f e e t  i n  q u a r r y  5 .8

14 L im es to n e ,  l i g h t  b row nish  g r a y ,  w e a th e r s  y e l 
l o w ish  g r a y  and g r a y i s h  o ra n g e ,  and da rk  y e l 
lo w ish  o ra n g e ,  medium-bedded, ev en -b ed d e d ,  
l e n s i n g ,  f o s s i l i f e r o u s ,  (1 .5  f e e t  above b a s e :  
f i n e  c a l c i r u d i t e :  m i c r i t i c ,  t i g h t l y - p a c k e d ,  
b ryozoan  b i o s p a r r u d i t e ,  w i t h  echinoderm p l a t e s ,  
b r a c h i o p o d  f r a g m e n ts ,  e n c r u s t i n g  a l g a e ) ,  con
s i d e r a b l e  c l a y  a long  bedd ing  p l a n e s ,  f o s s i l s  
i n c l u d e  b l a s t o i d s ,  b ry o z o a n s ,  c r i n o i d s , c o r a l s ,  
b r a c h i o p o d s ,  forms m idd le  i n t e r v a l  i n  q u a r r y  5 .0

13 L im es to n e ,  l i g h t  b ro w n ish  g r a y ,  w e a th e r s  p i n k 
i s h  g ray  w i t h  s p o t s  of  y e l l o w i s h  g ray  (5 Y 
7 / 2 ) ,  medium-bedded, c rum bly ,  f o s s i l i f e r o u s ,
(4 f e e t  above b a s e :  f i n e  c a l c i r u d i t e :  a r g i l 
l a c e o u s ,  m i c r i t i c ,  t i g h t l y - p a c k e d  ech inoderm  
b i o s p a r r u d i t e ,  w i t h  b r y o z o a ,  b r a c h i o p o d s ,  p e l e 
cypods)  , c o n t a i n s  l e n s e s  o r  t h i n  s t r i n g e r s  o f  
a r g i l l a c e o u s  ech inoderm  b i o m i c r i t e ,  forms 
lower  p a r t  o f  q u a r r y  f a c e  and q u a r r y  f l o o r ,  
f o s s i l s  i n c l u d e  P u n c t o s p i r i f e r , C o m p os i ta ,
B e e c h e r i a , H u s t e d i a , A n t i q u a t o n i a , P a l a d i n ,
and numerous t y p e s  o f  b ryozoans  9 .4

12 L im es to n e ,  medium g r a y ,  w e a th e r s  l i g h t  brown
i s h  g ray  and l i g h t  o l i v e  g ray  (5 Y 6 /1 )  , t h i n -  
b edded ,  u ppe r  3 t o  4 f e e t  e v en -b edd ed ,  lower  
p o r t i o n  i r r e g u l a r - b e d d e d ,  ve ry  f o s s i l i f e r o u s ,  
w i t h  Rhynchopora , B e e c h e r i a , C o m p o s i ta , Pu n c 
t o s p i r i f e r , s o l i t a r y  rugose  c o r a l s ,  b r y o z o a n s ,  
u n i t  exposed  as p o o r l y - d e f i n e d  m inor  l e d g e s  
a l l  ove r  g r a s s - c o v e r e d  h i l l s i d e  n o r t h  o f  q u a r r y .
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q u a l i t y  o f  exposure  f a i r  i n  w i n t e r ,  poor  in  
summer, lower  3 f e e t  m os t ly  covered  7.5

11 Sh a les  and l im e s to n e :  s h a l e ,  p a l e  y e l l o w i s h  
brown, and v e ry  f o s s i l i f e r o u s  w i th  s o l i t a r y  
rugose  c o r a l s ,  l a r g e  c r i n o i d  p l a t e s ,  C om pos i ta , 
and S p i r i f e r  g o r e i i ; medium g ray  l im e s to n e  
w e a th e r s  brownish, g ra y  w i th  r e d d i s h  g ray  i r o n  
s t a i n s  on f r e s h  s u r f a c e ,  t h in - b e d d e d ,  w e a th e rs  
somewhat r u b b l y ,  exposed a long  banks o f  Betsy  
Lee Creek j u s t  above bed o f  s t r e am  3 .8

10 L im es ton e ,  d a rk  g r a y ,  w e a th e rs  p a l e  y e l l o w i s h
brown, dense  and h a r d ,  w e a th e r s  smooth,  (Top: 
f i n e -  to  v e r y  f i n e - g r a i n e d  c a l c a r e n i t e :  s and y ,  
d o l o m i t i c  b i o m i c r i t e ) , occu rs  as led g e s  a t  
s t r e a m  bed  a t  p o i n t  where o ld  road  c r o s s e s  
Betsy  Lee Creek  1 .7

9 L im es ton e ,  medium g r a y ,  w e a th e rs  l i g h t  o l i v e
g ray  (5 Y 5 / 2 ) ,  t h i n -  and ev en-bedded ,  h a r d ,
(Top: m i c r i t i c  b i o s p a r i t e )  2 .7

8 L im es tone  and s h a l e :  l im e s t o n e ,  medium da rk
g r a y  and l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  w e a th e r s  
p a l e  y e l l o w i s h  brown, g r a y i s h  re d  (5 Y 4 / 2 ) ,  
and o l i v e  g r a y  (5 Y 4 / 1 ) ,  medium-bedded, i r 
r e g u l a r ,  u n d u l a t o r y ,  (3 .5  f e e t  above b a s e :  
f i n e  c a l c i r u d i t e :  ech inoderm  b i o s p a r r u d i t e ,  
w i t h  b r y o z o a n s ,  b r a c h i o p o d s ,  s o l i t a r y  ru g o se  
c o r a l s ) ,  l e d g e - f o r m i n g ;  s h a l e ,  brownish  g r a y ,  
w e a th e rs  g r a y i s h  brown, p o o r l y  exposed ,  t h i c k 
n e ss  o f  e n t i r e  u n i t  7. 4

7 Limestone and s a n d s to n e :  l i m e s t o n e ,  medium l i g h t
g r a y ,  w e a th e r s  l i g h t  g r a y ,  and g r a y i s h  o r a n g e ,  
medium- and even-bedd ed ,  (1 f o o t  above b a s e :  
f i n e  c a l c i r u d i t e :  b ryozoan  b i o s p a r r u d i t e ,  w i t h  
echinoderm p l a t e s  and b r a c h i o p o d s ) , l ed g e -  
fo rm ing ;  s a n d s t o n e ,  l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  
w e a th e rs  d a rk  y e l l o w i s h  brown, a s i n g l e  bed 
capp ing  t h e  u n i t ,  (Top: f i n e - g r a i n e d  c a l c a r e o u s  
s a n d s to n e )  4 .9

6 Sandstone  and l im e s to n e :  s a n d s t o n e ,  o l i v e  g ray
(5 Y 4 / 1 ) ,  w e a th e r s  d a rk  y e l l o w i s h  brown, even- 
bedded (4 f e e t  above b a se :  o o l i t e - b e a r i n g  f i n e 
g r a i n e d  s a n d s t o n e ,  w i t h  3 to  4% o o l i t e s ) ;  l im e 
s t o n e ,  medium g ray  w e a th e r s  p a l e  y e l l o w i s h  
brown and d a rk  y e l l o w i s h  brown, medium-bedded,  
f a i r l y  e v e n ,  (Top: c o a r s e  c a l c a r e n i t e :  b ry o -
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zoan-eck inoderm  b i o s p a r i t e ,  m i c r i t i c ,  w i t h  
g a s t r o p o d s ,  b ra c h io p o d  f r a g m e n ts ,  e n c r u s t i n g  
a l g a e ) ,  l e d g e - f o r m i n g ,  lower  3 .5  f e e t  co v ered  7 .8

5 S a n d s to n e ,  medium d a rk  g r a y ,  w e a th e r s  moder
a t e  y e l l o w i s h  brown, even -b ed d e d ,  (Base:  a r g i l 
l a c e o u s ,  f o s s i l i f e r o u s  f i n e - g r a i n e d  s a n d s to n e  
w i t h  m i c r i t i c  c a l c i t e  m a t r i x ,  u n i t  capped by 
1 .5  f e e t  t h i c k  l im e s to n e  which  forms p ro m in e n t  
l ed g e  ( sa n d y ,  a r g i l l a c e o u s  b ryozoan  b i o m i c r u 
d i t e ,  w i th  g a s t r o p o d s ,  echinoderm p l a t e s ) ;  e n 
t i r e  u n i t  i n t e r s p e r s e d  w i t h  t h i n  s h a l e s ,  d a rk  
g r a y ,  w e a th e r s  l i g h t  gray and l i g h t  o l i v e  gray  
(5 Y 6 /1 )  5 .2

4 Covered i n t e r v a l ,  m easured  w i t h  J a c o b ’ s S t a f f
and Abney l e v e l  c o r r e c t e d  f o r  d ip  o f  4 d e g re es  
i n  a d i r e c t i o n  o f  S 60° W 9 .5

3 L im es to n e ,  medium g r a y ,  w e a th e r s  dusky brown,
sandy i n  lower  h a l f ,  (Top: f i n e  to  medium c a l 
c a r e n i t e :  o o s p a r i t e ,  w i t h  echinoderm p l a t e s ) ,  
forms s t r e a m  bed  4 .6

2B S a n d s to n e ,  medium g r a y ,  w e a th e r s  dusky y e l l o w 
i s h  b r o i m , and m odera te  brown (5 YR 3 / 4 ) ,  t h i n -  
and e ven -bed d ed ,  (Middle:  g l a u c o n i t i c ,  s i d e r i t e -  
cemented f i n e - g r a i n e d  s a n d s t o n e ) ; forms s e r i e s  
o f  l e d g e s  and s t r e a m  bed  3 .1

2A C h e r t ,  c a r b o n a t e  m udstone ,  s h a l e ,  w i t h  c o n g lo 
m e ra te  a t  b a s e :  c h e r t ,  o l i v e  g ray  (5 Y 4 / 1 ) ,  
w e a th e r s  d a rk  g r e e n i s h  g ray  (5 GY 4 / 1 ) ,  even- 
b ed ded ,  t h in - b e d d e d ,  c a l c a r e o u s ,  s p i c u l i f e r o u s ; 
c a r b o n a t e  mudstone,  t h i n - b e d d e d ,  (Middle:  
o o l i t i c ,  s i l i c i f i e d ,  s p i c u l i f e r o u s  c a r b o n a t e  
m uds to n e ) ;  s h a l e ,  d a rk  g ray  w e a th e rs  medium 
g r a y ;  e n t i r e  u n i t  r e sem b le s  t y p i c a l  F a y e t t e v i l l e  
F o rm a t ion  12 .7

Remarks: U n i t  2B was f o r m e r ly  u n i t  2; u n i t
2A was fo rm e r ly  u n i t  1. The w r i t e r ’s
o r i g i n a l  d e s c r i p t i o n  of t h i s  mea
s u r e d  s e c t i o n  began about  f o u r  f e e t  
above th e  P i tk in -M o rro w  c o n t a c t .
A f t e r  th e  d i s c o v e r y  o f  t h e  c o n t a c t  
by Bowlby and Haugh i n  1966-67,  
however,  i t  was n e c e s s a r y  to  r e v i s e '  
t h e  d e s c r i p t i o n .
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P i t k i n  Form ation

1 L im e s to n e ,  ev en -b ed d e d ,  c o n t a i n s  A rc h im e d es , and 
c o n s i s t s  o f  o o s p a r i t e s ,  i n t r a s p a r i t e s , i n t r a -  
m i c r i t e s ,  and b i o s p a r i t e s ,  and i n t e r b e d d e d  w i th  
t h i n  s h a l e s ,  g e n e r a l l y  p o o r l y  exposed  n o t

m easured

Measured S e c t i o n  6; Chisum’ s Creek

L o c a t i o n :  N E l /4 ,  S E l /4 ,  S E l / 4 ,  Sec. 27, and SWl/4, NWl/4, 
SWl/4, Sec. 26, T. 13 N , , R. 20 E . , Muskogee 
County ,  Oklahoma.

M easured  S e c t i o n  6 i s  l o c a t e d  up t h e  sm a l l  i n t e r m i t t e n t  

s t r e a m  t h a t  i n t e r s e c t s  t h e  M i s s o u r i  P a c i f i c  R a i l r o a d  t r a c k s ,  

on th e  e a s t  s i d e  o f  th e  Webbers F a l l s  R e s e r v o i r ,  a b o u t  250 

y a r d s  n o r t h  o f  t h e  n o r t h  end o f  t h e  l a r g e  abandoned q u a r r y  

on th e  Chisum p r o p e r t y .  From th e  p o i n t  where t h i s  s t r e a m  

i n t e r s e c t s  t h e  r a i l r o a d ,  p r o c e e d  u ps t re am  200-300 y a r d s  to  a 

p o i n t  where th e  s t r e a m  s p l i t s .  Fo l low  t h e  n o r t h e r n  t r i b u t a r y  

a b o u t  300 y a rd s  t o  t h e  l i m e s t o n e s  exposed  n o r t h  o f  t h e  s t r e a m  

bed .  These comprise  u n i t  1 ( P i t k i n ) .  The s u c c e e d in g  u n i t s  

( u n i t s  1-18) a re  l o c a t e d  a lo n g  t h e  s t r e a m ,  i n  t h e  bed  and 

a long  b o th  b anks .  U n i t s  18-31 a r e  l o c a t e d  on th e  n o r t h e r n  

h i l l s i d e  above th e  l e v e l  o f  t h e  s t r e a m  bed  c u l m i n a t i n g  i n  the  

c l i f f s  o f  A toka  San ds to n e .  This  s e c t i o n  was m easu red  p r i 

m a r i l y  b e c a u se  th e  P i tk in -M o rro w  c o n t a c t  and t h e  low er  p a r t  

o f  t h e  Morrow Form ation  i s  w e l l  exposed  h e re  and nowhere e l s e  

i n  t h e  immediate  v i c i n i t y .  S e c t i o n  measured  and d e s c r i b e d  by 

David A. K o t i l a  i n  March,  1964.
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UNIT DESCRIPTION THICKNESS (FEET)

Atoka  Fo rm a t io n

31 S a n d s to n e ,  l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  w e a th e r s
m o dera te  brown (5 YR 3 /4 )  and o l i v e  g ray  (5 Y 
4 / 1 ) ,  medium- to  t h i c k - b e d d e d ,  low er  6 to  8 
f e e t  c r o s s - b e d d e d ,  e v e n -b e d d e d ,  (1 .5  f e e t  above 
b a s e :  q u a r t z - g r a n u l e - b e a r i n g ,  f i n e -  to  medium- 
g r a i n e d  c a l c a r e o u s  s a n d s t o n e ,  w i t h  4 to  5% 
q u a r t z  g r a n u l e s  2 t o  3 m i l l i m e t e r s ) , w e a th e r s  
p i t t e d ,  c l i f f - f o r m i n g  n o t

m easured

30 C o n g lo m e ra te ,  l i g h t  g ra y ,  dusky r e d ,  and g r a y 
i s h  o r a n g e ,  w e a th e r s  g r a y i s h  r e d  (5 R 4 / 2 ) ,  
b e d d in g  i r r e g u l a r  and somewhat u n d u l a t o r y ,  
r u b b l y ,  ( i r o n - s t a i n e d ,  f o s s i l i f e r o u s ,  p e b b le -  
c o n g lo m e ra te  w i th  m ed ium -gra ined  sand  m a t r i x ,  
and p e b b le s  o f  q u a r t z ,  m uds tone ,  c l a y ,  and 
s i l t s t o n e ,  w i t h  25% p e b b l e s ,  50% sa n d ,  and 25% 
f o s s i l  d e b r i s ,  i n c l u d i n g  b r y o z o a n s ,  ech inoderm  
p l a t e s ,  s o l i t a r y  c o r a l s ,  b r a c h i o p o d  f r a g m e n t s ,  
and some O s a g ia ) ; b a s e  n o t  exposed  so t h i c k n e s s  
may be g r e a t e r  th a n  g i v e n ,  exposed  t h i c k n e s s  
a v e r a g e s  1 .5

Morrow Fo rm a t ion

29 Covered ,  b u t  o l i v e  g r a y  s h a l e  and some c a l c a r e 
ous s i l t s t o n e  found i n  t a l u s  and by d ig g in g  3 .3

2 8 L im e s to n e ,  medium- and i r r e g u l a r l y - b e d d e d ,  forms
p ro m in e n t  l ed g e  6 .8

2 7 C overed ,  b u t  sandy l im e s t o n e  a p p e a r s  t o  be i n
p l a c e  i n  b a s a l  1 .5  f e e t  5 .6

26 L im es tone  w i t h  s a n d s t o n e  a t  t o p :  bedd in g  i r 
r e g u l a r ,  c r o s s - b e d d e d ,  becomes sandy upwards 
and g r a d i n g  i n t o  s a n d s to n e  a t  top 7.2

25 C overed ,  s h a l e  found  by d ig g in g  15 .5

24 S i l t y  s h a l e  w i th  a l g a l  o n c o l i t h s  8 .5

23 Covered 5.0

22 L im es to n e ,  forms s l i g h t  l e d g e s  2 .2

21 Covered 4 .5
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20 L im es to n e ,  p o o r ly  exposed  3.0

19 Covered (s l ia ly  l im e s t o n e ? )  6 .5

18 L im es to ne ,  medium l i g h t  g r a y ,  w e a th e r s  l i g h t
o l i v e  g ray  (5 Y 5 / 2 ) ,  i r r e g u l a r l y - b e d d e d ,  r u b b l y ,  
[from b a s e :  m i c r i t i c  a l g a l  b i o l i t h i t e ,  w i t h  
A r c h a e o l i t h o p h y l lu m ) , l e d g e - f o r m in g  8.7

17 Covered 32 .0

16 L im es to ne ,  t h i n -  t o  medium-bedded, uneven ,
upper  p a r t  r u b b l y ,  (4 .5  f e e t  above b a s e :  T .S .
A-163: A lg a l  b i o s p a r i t e :  b r y o z o a n s ,  ech inoderm  
p l a t e s ,  g a s t r o p o d s ,  i n t r a c l a s t s  2%, p e l l e t s  1%) 8 .0

15 Covered 4 .5

14 L im es ton e ,  e v en -b ed ded ,  t h i n -  to  medium-bedded,
forms s e r i e s  o f  p ro m in e n t  le d g e s  above th e  
w a t e r f a l l s  12 .2

13 Sandy l im e s to n e s  and s h a l e ,  forms u pp e r  p a r t
o f  w a t e r f a l l s  3 .0

12 Limestone and s a n d s t o n e ,  forms lower  p a r t  o f
w a t e r f a l l s  3 .3

11 L im es to n e ,  m o s t ly  c o v e r e d ,  t h in - b e d d e d  7.0

10 L im es tone  and t h i n  s h a l e ,  l im e s to n e  t h i n -
b edded ,  sandy, g l a u c o n i t i c ,  forms s l i g h t  l e d g e s  10.5

9 Covered 11 .5

8 L im es ton e ,  medium da rk  g r a y ,  w e a th e r s  l i g h t
o l i v e  g ray  (5 Y 6 / 1 ) ,  and p a l e  y e l l o w i s h  brown, 
t h i n - b e d d e d ,  i r r e g u l a r ,  ( f i n e  to  v e ry  f i n e  c a l 
c a r e n i t e :  sandy ,  a r g i l l a c e o u s :  s p a r s e  b i o m i c r i t e ) ,  
i n t e r b e d d e d  w i t h  v e ry  t h i n  i r r e g u l a r  s h a l e s  5 .0

7 S h a l e ,  o l i v e  b l a c k ,  w e a th e r s  l i g h t  o l i v e  g ray
(5 Y 6 / 2 ) ,  m os t ly  c o v e red  by s lumped d e b r i s  3 .9

6 Sandy l im e to n e ,  medium l i g h t  g r a y ,  w e a th e r s
b ro w n ish  g ray  and l i g h t  b ro w n ish  g r a y ,  q u i t e  
san d y ,  ev en -b ed d e d ,  (medium c a l c a r e n i t e :  s a n d y ,  
a r g i l l a c e o u s  b i o s p a r i t e ,  w i t h  abundant  whole 
o s t r a c o d s ,  b ra c h io p o d  f r a g m e n t s ,  2% p y r i t e ,  
and v e ry  s o f t ,  c h o c o l a t e - l i k e , brown m a t r ix )  2 .8

5 S h a l e ,  o l i v e  b l a c k ,  w e a th e r s  l i g h t  o l i v e
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g ra y  [5 Y 5/2)  , p l a t y  6 .2

4 Sandy L im es tone ,  m o s t ly  covered  1 .5

3 C ong lom era te ,  ( f o s s i l i f e r o u s ,  i r o n - s t a i n e d ,
p e b b le  c o n g lo m e ra te ,  w i th  p e b b le s  o f  s a n d 
s t o n e ,  s i l t s t o n e ,  c l a y s t o n e ,  mudstone,  mi- 
c r i t e ,  b i o m i c r i t e ,  and p h o s p h a te ,  w i th  m a t r i x  
o f  medium sa n d ,  f o s s i l s  i n c l u d e  g a s t r o p o d s ,  
echinoderm p l a t e s ,  s o l i t a r y  c o r a l s ,  and b r a c h 
io p o d  f r a g m e n t s ) , l o c a l l y  welded  on top o f  
u n i t  2 ( P i t k i n ) , o c cu rs  in  s t r e a m  bed and on 
g r a s s y  s l o p e s  above l e v e l  o f  s t r e a m  bed 0 .2

P i t k i n  Form ation

2 L im es tone ,  medium g ray  to  medium l i g h t  g r a y ,
w e a th e r s  l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  l i g h t  
b row nish  g r a y ,  g r a y i s h  o r a n g e ,  and p a l e  y e l 
l o w ish  broifn ,  t h in - b e d d e d ,  i r r e g u l a r ,  t h i n  
d i s c o n t i n u o u s  s h a l e  be tw een ,  (5 f e e t  below 
to p :  medium-coarse  c a l c a r e n i t e ,  l i m o n i t i c ,  
c o a t e d ,  mixed b i o s p a r i t e - s u p e r f i c i a l  o o l i t e -  
w i t h  echinoderm p l a t e s ,  b ry o z o a n s ,  b r a c h i o 
p o d s ,  o s t r a c o d s ) ,  Archimedes common in  lower  
10 f e e t  o f  u n i t  14 .5

1 L im es tone ,  medium g r a y ,  w e a th e rs  l i g h t  g ray
and l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  t h in - b e d d e d ,  
e ven -b ed d ed ,  c o n t a i n s  A rch im edes , (Top: 
medium c a l c a r e n i t e :  o o s p a r i t e  w i t h  s t rom a-  
t o l i t i c  a l g a l  l e n s e s ) ,  l e d g e - f o r m i n g ,  lo w e s t  
exposed  ro c k  9 .0

Measured S e c t i o n  7: Chisum’ s B lu f f

L o c a t io n :  E l / 2 ,  NWl/4, S E l /4 ,  Sec. 27, T. 13 N . , R. 20 E . ,
Muskogee County,  Oklahoma.

This  s e c t i o n  i s  l o c a t e d  e a s t  o f  th e  M is s o u r i  P a c i f i c  

R a i l r o a d  t r a c k s  and e a s t  o f  the  Webbers F a l l s  R e s e r v o i r ,  

a bou t  3 .5  m i le s  n o r t h w e s t  o f  Gore, Oklahoma. Approach th e  

s e c t i o n  from th e  n o r t h  end o f  the  l a r g e  abandoned q u a r r y  on 

th e  Chisum p r o p e r t y  l o c a t e d  n o r t h  o f  th e  cem etary  i n  th e  

N E l /4 ,  S E l /4 ,  N E l /4 ,  Sec. 34, T. 13 N . , R. 20 E. P ro c ee d
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n o r t l w a r d  a long  t lie  r a i l r o a d  t r a c k s  from th e  n o r t h  end o f  t h e  

q u a r r y ,  f o r  a d i s t a n c e  o f  abou t  1300 y a r d s ,  to  a p o i n t  where  

th e  b l u f f s  approach  n e a r e s t  t h e  t r a c k s .  Here t h e  f o o t  o f  th e  

m o d e r a t e - t o - s t e e p  s l o p e s  o f  th e  b l u f f s  comes c l o s e  t o  t h e  

t r a c k s  and i s  s e p a r a t e d  from them o n ly  by a b a r b e d - w i r e  f e n c e .  

The s e c t i o n  b e g in s  about  20 to  25 f e e t  above th e  l e v e l  o f  t h e  

t r a c k s  a lon g  a l i n e  s l i g h t l y  n o r t h  o f  a p e r p e n d i c u l a r  t o  the  

r a i l r o a d  t r a c k s .  The s e c t i o n  i s  m easured  e s s e n t i a l l y  a lo n g  

t h i s  l i n e  up to  t h e  m ass ive  l e d g e s .  Above t h i s ,  t h e  s e c t i o n  

i s  m easured  a long  and a d j a c e n t  to  a subdued g u l l y  o r  wash up 

to  th e  b a s a l  Atoka  Sandstone  n e a r  th e  top  o f  t h e  b l u f f s .  S e c 

t i o n  measured  and d e s c r i b e d  by David A. K o t i l a  i n  Sep tem ber ,  

1964 and checked and r e v i s e d  i n  A p r i l ,  1965.

UNIT DESCRIPTION THICKNESS (FEET)

Atoka Form ation

22 S ands tone  and s h a l e :  s a n d s t o n e ,  p a l e  y e l l o w i s h
brown, dusky y e l lo w ,  and l i g h t  brown (5 YR 
6 / 4 ) ,  w e a th e r s  o l i v e  g ray  (5 Y 4 /1 )  and moder
a t e  o range  p i n k ,  t h i n -  to  medium-bedded, c r o s s 
bedded i n  p l a c e s ,  (1 .5  f e e t  above b a s e :  medium- 
g r a i n e d ,  l im o n i t e - c e m e n t e d  s a n d s t o n e ) ; i r o n  
box-work s t r u c t u r e s  abound in  u n i t ,  l o c a l l y  
w e l l - e x p o s e d  8 .5

21 C onglom era te ,  g r a y i s h  o range  and p a l e  y e l l o w 
i s h  o r a n g e ,  w e a th e rs  l i g h t  b row nish  g ray  and 
l i g h t  o l i v e  g ray  (5 Y 5 / 2 ) ,  bedd ing  v e ry  i r 
r e g u l a r ,  f o s s i l i f e r o u s ,  c r o s s - b e d d e d ,  (Base:  
f o s s i l i f e r o u s ,  l i m o n i t i c ,  c o n g lo m e ra te ,  w i t h  
m ed ium -gra ined  sand m a t r i x ,  p e b b le s  o f  q u a r t z ,  
p h o s p h a t e ,  and l i m e s t o n e ,  c o n t a i n s  b r y o z o a n s ,  
s o l i t a r y  ru g o se  c o r a l s  b a d ly  a b ra d e d ,  b r a c h i o 
p o d s ,  and echinoderm p l a t e s ) ;  t h i s  bed w e lded  
on u n i t  20 in  p l a c e s ,  c o n t a c t  s h a r p ,  ave rag e  
t h i c k n e s s  0 .3
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Morrow Form at ion

20 L im es to n e ,  medium l i g h t  g r a y ,  w e a th e r s  l i g h t
o l i v e  g ra y  (S Y 6 /1 )  , y e l l o w i s h  g ray  (5 Y
7 / 2 ) ,  and v e ry  p a l e  o ra n g e ,  t h i n - b e d d e d ,  f l a g g y  
s p l i t t i n g ,  c o n ta in s  O sag ia  o n c o l i t h s ,  f o s s i l i 
f e r o u s ,  (Top: c o a r s e  c a l c a r e n i t e :  p o o r l y -  
washed,  i n t r a c l a s t - b e a r i n g ,  b ry o zo an -ech ino d erm  
b i o s p a r i t e ,  w i t h  r e c r y s t a l l i z e d  a l g a l  p l a t e s ,  
e n d o t h y r i d - l i k e  f o r a m i n i f e r s ,  b r a c h io p o d  f r a g 
m ents)  , forms p ro m in e n t  b e n ch  o r  led g e  n e a r  top  
o f  b l u f f s ,  though u p p e r  t h r e e  f e e t  w e a th e r  
ru b b ly  9 .2

19 Covered ,  b u t  o l i v e  g r a y  s h a l e  abounds i n  " f l o a t "  28 .0

18 S h a le  w i t h  t h i n  l i m e s t o n e s :  s h a l e ,  o l i v e  b l a c k ,
w e a th e r s  o l i v e  g ray  (5 Y 3 /2 )  w i t h  s t r e a k s  o f  
m odera te  y e l l o w i s h  brown: l i m e s t o n e s ,  medium 
l i g h t  g r a y ,  w e a th e r s  l i g h t  o l i v e  g ray  (5 Y 
6 / 1 ) ,  t h i n -  and e v e n -b e d d e d ,  c o n ta in s  abundan t  
o n c o l i t h s  and f o s s i l  h a s h ,  (Base:  T .S .  721: 
a l g a l - c o a t e d  b i o s p a r r u d i t e ,  g r a d in g  upward 
i n t o  a l g a l  b i o l i t h i t e  w i t h  plumose c o l o n i e s  o f  
O t t o n o s i a , b r y o z o a n s ,  ech inoderm  p l a t e s ,  endo-  
t h y r i d  f o r a m i n i f e r s ,  b r a c h i o p o d s ,  and t r i l o 
b i t e  f r a g m e n t s ) , exposed  t h i c k n e s s  v a r i a b l e  
w i th  s e a s o n  o f  y e a r ,  e t c . , g r a d in g  upward i n t o  
c o v e red  s h a l e  i n t e r v a l  12 .5

17 L im es ton e ,  medium g ray  w i t h  s p o t s  o f  m odera te
r e d ,  w e a th e r s  t o  l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  
t h i n -  and e v en -b ed d e d ,  f o s s i l i f e r o u s ,  (Top:
T .S .  722: c o a r s e  c a l c a r e n i t e :  a l g a l - c o a t e d  
b i o s p a r i t e - s u p e r f i c i a l  o o l i t e ,  w i th  Cune iphy
cus , A r c h a e o l i t h o p h y l l u m , O s a g i a , G i r v a n e l l a , 
M i l l e r e l l a , b r y o z o a n s ,  e ch inoderm  p l a t e s ,  
g a s t r o p o d s , b r a c h io p o d  f r a g m e n t s ,  o s t r a c o d e s ) , 
l o c a l l y  has good c r a c k - o u t  f a u n a ,  m os t ly  
b r a c h i o p o d s ,  l e d g e - f o rm in g  4 .5

16 L im es to n e ,  l i g h t  g r a y ,  w e a t h e r s  m odera te  Orange
p i n k ,  b edd ing  i n d i s t i n c t  and v e ry  i r r e g u l a r ,  
w e a th e r s  r u b b l y ,  i n t e r s p e r s e d  w i t h  p o c k e t s ,  
l e n s e s ,  and p a r t i n g s  o f  s h a l e ,  (from m id d le :  
a l g a l  b i o l i t h i t e s  g r a d i n g  to  a l g a l  b i o m i c r u 
d i t e s ,  p a r t l y  r e c r y s t a l l i z e d ,  w i th  A rc h ae o 
l i t h o p h y l l u m , f o r a m i n i f e r s ) , u n i t  g e n e r a l l y  
p o o r l y  e x po sed ,  t h i c k n e s s  v a r i a b l e  from 15 to  
20 f e e t ,  a v e rag e s  17.5
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Remarks; U n i t  16 i s  e q u i v a l e n t  to  t h e  a l 
g a l  i n t e r v a l  (U n i t  12) a t  t h e  McCully s e c 
t i o n  ( 3 ) ,  b u t  h e r e  t h e  u n i t  l a c k s  t h e  l e n s e s  
and wedges o f  e x t r e m e ly  f o s s i l i f e r o u s  m a t e r 
i a l  so  s t r i k i n g  a t  t h e  McCully s e c t i o n .
A l s o ,  t h e  c o n t a c t  be tween  the. a l g a l  u n i t  
and th e  u n d e r l y i n g  c r i n o i d a l  l im e s to n e s  i s  
h e r e  h i g h l y  g r a d a t i o n a l  whereas  a t  M c C u l l y ' s ,
0 .5  m i l e s  s o u th w a r d ,  th e  low er  c o n t a c t  was 
much more d i s t i n c t .

15 L im e s to n e ,  medium l i g h t  g r a y ,  w e a th e r s  g r a y i s h
o r a n g e ,  medium- t o  t h i c k - b e d d e d ,  even -b ed ded  
b u t  w i t h  some w edging ,  (8 .5  f e e t  above b a s e :  
f i n e  c a l c i r u d i t e :  m i c r i t i c  ech in o d e rm -b ry o zo a n  
b i o s p a r r u d i t e ,  w i t h  some b r a c h i o p o d s ) ,  c o n t a i n s  
some o o l i t e  o r  s u p e r f i c i a l  o o l i t e  w e d g e s , v e ry  
r e s i s t a n t  u n i t  and ove rhangs  lower  u n i t s  by 
s e v e r a l  f e e t - i n  p l a c e s  tip to  6 f e e t ,  ( g r a d a 
t i o n a l  upwards i n t o  u n i t  1 6 ) ,  c l i f f - f o r m i n g  12 .8

14 L im e s to n e ,  medium l i g h t  g r a y ,  w e a th e r s  p i n k i s h
g r a y ,  e v e n -b e d d e d ,  b u t  w e a th e r s  r u b b l y ,  medium- 
t o  t h i n - b e d d e d ,  beds  become s l i g h t l y  u n d u l a 
t o r y  and i r r e g u l a r  upward,  i n t e r s p e r s e d  w i t h  1 
t o  3 i n c h  t h i c k  o l i v e  g ray  s h a l e s ,  (2 .5  f e e t  
be low  t o p :  f i n e  c a l c i r u d i t e :  p a r t l y  r e c r y s t a l 
l i z e d ,  l i m o n i t i c ,  b ry o zo a n  b i o m i c r u d i t e  g r a d i n g  
i n t o  b ry o zo a n  b i o l i t h i t e ,  w i t h  b r a c h i o p o d s ,  
g a s t r o p o d s ,  e ch inoderm  p l a t e s ) ,  u n i t  c o n t a i n s  
s o l i t a r y  ru g o se  c o r a l s ,  P u n c t o s p i r i f e r , f r a g 
ments and S p i r i f e r  g o r e i i , g e n e r a l l y  n o t  w e l l -  
exposed  e x c e p t  u n d e r  most  p ro m in e n t  c l i f f s  o f  
u n i t  15 11 .7

13 Covered 5 .0

12 L im e s to n e ,  medium l i g h t  g r a y ,  w e a th e r s  y e l l o w 
i s h  g ra y  (5 Y 7 / 2 ) ,  t h i n -  and i r r e g u l a r l y -  
b e d d ed ,  w e a t h e r s  r u b b l y ,  ( s i d e r i t i c ,  p a r t l y  
r e c r y s t a l l i z e d  a l g a l  b i o l i t h i t e - b i o m i c r u d i t e  
t r a n s i t i o n ,  w i t h  C u n e ip h y c u s , o s t r a c o d e s ,  
c r i n o i d  m a t e r i a l ) , g e n e r a l l y  exposed  o n ly  in  
s m a l l  washes 1 .8

11 Covered 4 .5

10 L im e s to n e ,  medium l i g h t  g r a y ,  w e a th e r s  p i n k i s h
g r a y ,  e v e n -b ed d e d  b u t  bedd in g  o b sc u re  due to  
t h i c k  t r a v e r t i n e  d e p o s i t s  which  c o a t  exposed  
s u r f a c e ,  medium-bedded,  (3 .5  f e e t  below to p :
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c o a r s e  c a l c a r e n i t e :  a l g a l - b r a c h i o p o d - b r y o z o a n  
b i o m i c r i t e - b i o l i t h i t e  t r a n s i t i o n ,  w i t h  g a s t r o 
p o d s ,  ech inoderm  p l a t e s ,  and C u n e ip h y c u s , c l i f f -  
fo rm in g ,  and ove rhangs  lower  u n i t s  7 .6

L im es to n e ,  l i g h t  g r a y ,  w e a th e r s  g r a y i s h  y e l l o w ,  
medium-bedded, beds i r r e g u l a r  and l e n s i n g ,  
m a in ly  c o n c e a l e d  by t h i c k  d r i p s t o n e  d e p o s i t s ,
(Top: a l g a l  b i o l i t h i t e - b i o m i c r u d i t e  t r a n s i 
t i o n ,  w i t h  C u n e i p h y c u s , b r y o z o a n s ,  ech inoderm  
p l a t e s ) ,  w e a th e r s  r u b b ly  5 .2

Covered ,  b u t  s h a l e  i n  f l o a t  and a l s o  r e v e a l e d  
by d ig g in g  7.5

S a n d s to n e ,  l i g h t  b row n ish  g ray  and l i g h t  o l i v e  
g ray  (5 YR 6 /1 )  , w e a th e r s  o l i v e  g ray  (5 Y 4 /1 )  
and l i g h t  o l i v e  g ray  (5 Y 5 / 2 ) ,  t h i n -  t o  medium- 
bedded ,  b e d d in g  even b u t  f l a g g y  s p l i t t i n g  some
what u n d u l a t o r y ,  (2 f e e t  above b a s e :  f o s s i l i -  
f e r o u s ,  s p i c u l i f e r o u s , f i n e - g r a i n e d  s a n d s t o n e ,  
w i th  f o s s i l  d e b r i s  o c c u r r i n g  i n  l e n s e s ,  c o n 
t a i n s  M i l l e r e l l a , and o t h e r  f o r a m i n i f e r s , 
b r a c h io p o d  f r a g m e n ts  and s p i n e s ,  l i m o n i t i c  i n  
sand  p h a s e ) , l e d g e - f o r m i n g  4 .3

Sandy s h a l e  w i t h  s a n d s to n e  n o d u le s :  s h a l e ,  d a rk  
g r a y ,  w e a t h e r s  l i g h t  o l i v e  g ray  (5 Y 6 /1 )  and 
g r a y i s h  o r a n g e ,  q u i t e  sandy and c o n t a i n s  s t r i n 
g e r s  o f  f i n e - g r a i n e d ,  i r o n - s t a i n e d ,  s p i c u l i -  
f e r o u s  s a n d s t o n e ,  and w i t h  n o d u le s  o f  same 7 .7

S a n d s to n e ,  p a l e  y e l l o w i s h  brown, w e a t h e r s  l i g h t  
o l i v e  g ray  (5 Y 6 /1 )  , medium- and e v e n -b e d d e d ,  
s h a l y  p h a se  i n  m idd le  o f  u n i t  w i t h  s h a l e  p a r t 
in g s  a b o u t  0 .5  in c h  t h i c k ,  ( 2 .5  f e e t  below to p :  
i r o n - s t a i n e d ,  f i n e -  t o  v e ry  f i n e - g r a i n e d  s a n d 
s t o n e ,  w i t h  15 to  20% v e ry  f i n e - g r a i n e d ,  u n 
i d e n t i f i e d  b i o c l a s t i c  m a t e r i a l ,  and p o c k e t s  o f  
c l a y ) ,  l e d g e - f o r m in g  8.2

Covered 16.0

S a n d s to n e ,  medium l i g h t  g r a y ,  w e a th e r s  p a l e  
y e l l o w i s h  brown, u n d u l a t o r y  and u n ev en -b ed d e d ,
(Top: f i n e - g r a i n e d ,  f o s s i l i f e r o u s  s a n d s t o n e ,  
w i th  ech inoderm  p l a t e s ,  t r i l o b i t e  f r a g m e n t s ,  
o s t r a c o d e s ,  C om posi ta ) , lower  2 f e e t  c o v e r e d ,  
upp e r  1 .5  f e e t  forms ledge  3 .5

S a n d s to n e ,  medium l i g h t  g r a y ,  w e a th e r s  v e ry
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p a l e  o ra n g e ,  l e n s i n g  and uneven-bedded ,  s h a l e  
p a r t i n g s ,  (Top: s l i g h t l y  g l a u c o n i t i c ,  f o s s i l i -  
f e r o u s ,  f i n e -  to  v e ry  f i n e - g r a i n e d  s a n d s to n e ,  
w i t h  25% f o s s i l  d e b r i s  i n c l u d i n g  echinoderm 
p l a t e s  and s p i n e s ,  b r y o z o a n s ) ,  l e d g e - f o rm in g  3 .0

L im es tone ,  l i g h t  b r o i m i s h  g r a y ,  w e a th e r s  l i g h t  
o l i v e  g ray  [5 Y 5 /2)  , t h i c k - b e d d e d ,  even-  
bedded ,  sandy ,  d e n se ,  w e a th e r s  smooth and 
rounded ,  (Top: c o a r s e  c a l c a r e n i t e :  s l i g h t l y  
g l a u c o n i t i c ,  s a n d y ,  l i m o n i t i c ,  s i d e r i t i c ,  
c o a t e d  b ryo zo an -ech ino d erm  b i o s p a r i t e ) , base  
n o t  exposed ,  e n t i r e  u n i t  i s  s i n g l e  b ed ,  forms 
bench o r  ledge  above th e  l e v e l  o f  th e  r a i l r o a d  
t r a c k s  which a re  some 30 f e e t  lower  4 .5

Measured S e c t i o n  8: Blackgum Landing

L o c a t i o n :  Wl/2,  NWl/4, N E l /4 ,  Sec. 5, T. 13 N. , R. 22 E . ,
Sequoyah County,  Oklahoma.

Measured S e c t i o n  8 i s  l o c a t e d  on th e  e a s t  s i d e  of  the

ro a d  b e g in n in g  a t  a p o i n t  abou t  150 y a rd s  so u th  o f  th e  w a te r s

edge a t  T e n k i l l e r  Lake. The s e c t i o n  c o n t i n u e s  sou thward  up

th e  h i l l ,  r em a in ing  on th e  e a s t  s i d e  o f  t h e  r o a d ,  b u t  ending

n e a r  t h e  top  o f  th e  i n c l i n e  a t  a p o i n t  abou t  15 y a rd s  n o r t h

o f  th e  i n t e r s e c t i o n  o f  t h r e e  g r a v e l  r o a d s .  S e c t i o n  measured

and d e s c r i b e d  by David A. K o t i l a  in  A u g u s t ,  1963,  March, 1964,

and r e v i s e d  i n  F e b r u a r y ,  1968.

UNIT DESCRIPTION THICKNESS (FEET)

Atoka  Form ation

18 Sands tone  w i t h  b a s a l  co n g lo m era te :  s a n d s t o n e ,  
p a l e  y e l l o w i s h  brown w e a th e rs  d a rk  y e l l o w i s h  
brown, t h i n -  to  medium-bedded,  ev en -b ed d e d ,  
c o n t a i n s  numerous " f u c o i d s " ,  u n i t  c o n t a i n s  
much i r o n  e i t h e r  as lumpy n o d u l e s ,  o r  c o n ce n 
t r a t e d  a long  bedding  p l a n e s  and j o i n t s :  con
g l o m e r a t e ,  v a r i o u s  shades  of  b r o m ,  w e a th e r s  
d a rk  y e l l o w i s h  brown, l e n s i n g  from 8" t h i c k  
to  1" t h i c k ,  v e ry  i r o n - s t a i n e d ,  (Base:
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a r g i l l a c e o u s ,  c a l c a r e o u s ,  l i m o n i t i c ,  c o n g lo 
m era te  w i t h  f i n e -  to  m ed ium -gra ined  sand  
m a t r i x ,  w i t h  p e b b le s  o f  s i l t y  s h a l e  up to  
16 m i l l i m e t e r s ,  and q u a r t z  g r a n u l e s  2 to  4 
m i l l i m e t e r s ) ; u p p e r  p a r t  o f  u n i t  becomes 
c o v ered  a long  h i l l s i d e  b u t  a t  i n t e r s e c t i o n  
o f  ro ad  i s  o v e r l a i n  by 4 to  6 i n c h  f i s s i l e ,  
b l a c k  s h a l e ,  u n i t  o c c u r s  as minor  and some
what subdued l e d g e s  n e a r  top o f  h i l l  8 .2

Morrow Form ation

17 S h a le  w i t h  t h i n  l i m e s t o n e s ,  m o s t ly  co v e red ;
s h a l e ,  dusky r e d ,  w e a th e r s  g r a y i s h  o range  i n  
u pper  3 f e e t ,  c o l o r  lower  in  u n i t  i s  o l i v e  
g ray  w e a th e r s  to  l i g h t  o l i v e  g ra y  (5 Y 6 / 1 ) ,  
low er  p a r t  f i s s i l e  and a lm o s t  e n t i r e l y  
c o v e re d ,  u pper  3 f e e t  r a t h e r  p l a t y  b u t  becoming 
s h a l y  upon w e a t h e r i n g :  l i m e s t o n e ,  o l i v e  g ray  
(5 Y 4 /1 )  , w e a th e r s  m odera te  y e l l o w i s h  brown 
and d a rk  y e l l o w i s h  brown, v e ry  t h i n - b e d d e d ,  
ev en ,  (2 .5  f e e t  from t o p :  f i n e  c a l c i r u d i t e ;  
sandy a r g i l l a c e o u s ,  l i m o n i t i c ,  b i o m i c r u d i t e  
w i t h  b r y o z o a n s ,  b r a c h io p o d  f r a g m e n t s ,  g a s t r o 
p o d s ,  and c o n ta in s  few s c a t t e r e d  m i c r i t i c  
p e b b l e s ,  and c l a y - p h o s p h a t e  p e b b l e s ,  u n i t  
m o s t ly  co v e red  e x c e p t  f o r  u p pe r  3 f e e t  most  o f  
th e  t im e ,  though t h i n  l im e s t o n e s  p r o t r u d e  
t h r o u g h  c o v er  and expose  lower  s h a l e s  l o c a l l y  11 .3

Remarks: The Morrow-Atoka c o n t a c t  i s
h e re  p l a c e d  a t  t h e  b a s e  o f  a good c o n g lo 
m e ra te .  However, t h e  s h a l e s  and l i m e 
s t o n e s  i n  t h e  upperm ost  p a r t  a r e  a l s o  
c o n g lo m e r a t i c  and sa n d y ,  so t h a t  t h e  a c 
t u a l  c o n t a c t  can o n ly  be d e s c r i b e d  as more 
o r  l e s s  g r a d a t i o n a l .

16 L im es to ne ,  medium d a rk  g r a y ,  w e a th e r s  medium and 
d a rk  y e l l o w i s h  brown, a s i n g l e  bed  b u t  w i t h  some 
f l a g g y  to  p l a t y  s p l i t t i n g ,  uppe r  s u r f a c e  f a i r l y  
even b u t  lower  c o n t a c t  v e ry  i r r e g u l a r ,  ( 1 .5  f e e t  
below to p :  f i n e  to  v e ry  f i n e  c a l c a r e n i t e :  s i l t y ,  
f o r a m i n i f e r a l  b i o m i c r i t e ,  w i t h  b r a c h i o p o d s ,  
M i l l e r e l l a , and Ammod i s e u s ) ; u n i t  v e ry  f o s s i l i -  
f e r o u s  s p e c i a l l y  w i t h  p r o d u c t i d s ,  C o m p o s i ta , 
Rhynchopora : l e d g e - f o rm in g  3 .3

Remarks: Base o f  u n i t  ve ry  s a n d y ,  d e 
c r e a s i n g  upward.
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15 Sha le  w i th  t h i n  l im e s t o n e s ;  s h a l e ,  o l i v e  

b l a c k  and m o t t l e d  w i t h  s p o t s  o f  m odera te  
brown (5 YR 4 /4)  and d a rk  r e d d i s h  brown, wea
t h e r s  o l i v e  g ray  (5 Y 3 / 2 ) ,  s h a l y  t o  f i s s i l e ,  
s h a l e s  comprise  90-95% o f  u n i t :  l i m e s t o n e ,  
o l i v e  g ray  [5 Y 4 /1 )  w e a th e r s  b ro w n ish  g r a y ,  
t h i n  t o  v e ry  t h i n - b e d d e d ,  e v e n ,  (8 f e e t  above 
b a s e :  f i n e  c a l c i r u d i t e :  p a r t l y  r e c r y s t a l l i z e d  
b ra c h io p o d  b i o m i c r u d i t e ,  w i t h  S c h i z o p h o r i a ,
S p i r i f e r , C om pos i ta , O r t h o t e t e s , . H u s t e d i a , 
g a s t r o p o d s ,  and t r i l o b i t e  f r a g m e n t s ) ;  u n i t  
i s  w e l l - e x p o s e d  i n  lower  10 f e e t  and u p p e r  5 
f e e t ,  m o s t ly  cov ered  i n  b e tw een ,  low er  8 f e e t  
c o n ta in s  s e v e r a l  d i s c o n t i n u o u s ,  r u b b l y ,  a l g a l  
l im e s to n e s  w i t h  A r c h a e o l i t h o p h y l lu m  25 .5

14 L im es to n e ,  medium g r a y ,  w e a th e r s  p a l e  y e l l o w 
i s h  brown, and g r a y i s h  o ra n g e ,  medium- and even-  
bedded ,  v e ry  f o s s i l i f e r o u s , [1 f o o t  above b a s e :  
f ine-m edium  c a l c i r u d i t e :  p a r t l y  r e c r y s t a l l i z e d  
b r y o z o a n - b r a c h i o p o d - a l g a l  b i o m i c r u d i t e  w i t h  
good p l a t y  a l g a e ,  p r o d u c t i d s ,  g a s t r o p o d s ) ;  
l e d g e - f o rm in g  9 .5

13 Sha le  and a r g i l l a c e o u s  m udstone ,  medium l i g h t
g r a y ,  w e a th e r s  o l i v e  g ra y  (5 Y 3 / 2 ) ,  v e ry  p u r e  
c l a y  i n  lower  q u a r t e r  o f  u n i t  w i t h  no s p l i t t i n g ,  
upper  t h r e e  q u a r t e r s  i s  s i l t y  w i th  s h a l y  s p l i t 
t i n g ,  p a r t l y  c o v e re d ,  ex po su re  depends on s e a 
son o f  y e a r  4 .6

12 S i l t s t o n e  and s h a l e :  s i l t s t o n e ,  p a l e  y e l l o w i s h
brown to  d a rk  y e l l o w i s h  brown w i t h  s p o t s  o f  
m odera te  brown (5 YR 3 / 4 ) ,  w e a th e r s  l i g h t  o l i v e  
g ray  (5 Y 5/2)  , i n d i v i d u a l  beds r ang e  from one-  
e i g h t h  to  4 inches  t h i c k ,  somewhat s h a l y  i n  
p a r t s ,  c o n ta in s  numerous swash m arks ,  f u c o i d s ,  
seaweed i m p r e s s i o n s ,  c o n t a i n s  C o n o s t i c h u s ; 
s h a l e ,  o l i v e  g ray  (5 Y 4 / 1 ) ,  w e a th e r s  m o dera te  
y e l l o w i s h  brown, f o s s i l i f e r o u s  b u t  f o s s i l s  a r e  
f r a g i l e  and m ost ly  c r u s h e d ,  w i t h  p r o d u c t i d s  
and o t h e r  b r a c h i o p o d s ,  f e n e s t e l l i d  b r y o z o a n s ;  
lower  35 f e e t  p r e d o m in a n t ly  s h a l e  and s i l t y  
s h a l e ;  u p pe r  15 to  20 f e e t  i s  s i l t s t o n e  and 
s h a l y  s i l t s t o n e ;  upper  p a r t  b e t t e r - e x p o s e d ,  
t h i c k n e s s  o f  u n i t  v a r i e s  from 47 t o  52 f e e t ,  
av e rag e s

11 L im es ton e ,  medium g ray  to  medium d a rk  g r a y ,
w e a th e r s  o l i v e  gray  (5 Y 4 / 1 ) ,  m o dera te  y e l l o w 
i s h  brown, and g r a y i s h  o l i v e ,  medium-bedded.

50.0
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c r o s s - b e d d e d ,  v e r y  f o s s i l i f e r o u s  (3 f e e t  above 
b a s e :  f i n e  c a l c i r u d i t e :  p a r t l y  r e c r y s t a l l i z e d  
b ry o z o a n  b i o m i c r u d i t e  w i t h  ech inoderm  p l a t e s ,  
b r a c h i o p o d  f r a g m e n t s ,  g a s t r o p o d s ,  C o m p o s i t a , 
O r b i c u l o i d e a , o s t r a c o d s ,  n e a r l y  a l l  g r a i n s  
c o a t e d ,  some p l a t y  a lg a e  and O s a g ia ) , u p p e r 
most  bed  i n  u n i t  i s  l o c a l l y  c o a t e d  w i t h  C u n e i 
phycus i n  t h r e e - d i m e n s i o n a l  ne tw o rk  growth  
p o s i t i o n  8.0

10 S h a l e ,  m o s t ly  c o v e r e d ,  o l i v e  g r a y ,  w e a t h e r s
g r a y i s h  o r a n g e ,  and l i g h t  o l i v e  g ray  (5 Y 
6 / 1 ) ,  f i s s i l e  17.2

9 L im e s to n e ,  o l i v e  g r a y  [5 Y 4 /1 )  and l i g h t  o l i v e
g r a y  (5 Y 5 /2)  , w e a t h e r s  d a rk  y e l l o w i s h  brown, 
medium-bedded,  somewhat u n d u l a t o r y ,  sandy i n 
c r e a s i n g  upward,  (4 f e e t  above b a s e :  s a n d y ,  
g l a u c o n i t i c ,  a r g i l l a c e o u s ,  r e c r y s t a l l i z e d  
a l g a l - e c h i n o d e r m  b i o s p a r i t e ,  w i t h  p l a t y  a l g a e ,  
and b ry o zo a n  and b r a c h i o p o d  f r a g m e n t s ) , u p p e r  
f o u r  f e e t  w e a th e r s  v e r y  i r r e g u l a r  and p i t t e d  12.1

8 S a n d s to n e ,  d a rk  y e l l o w i s h  brown, w e a th e r s
b ro w n ish  g r a y ,  medium-bedded,  ( f i n e -  t o  v e ry  
f i n e - g r a i n e d  l i m o n i t i c ,  c a l c a r e o u s  s a n d s t o n e )  3.2

Remarks : The r e m a in d e r  o f  t h i s  m easu red
s e c t i o n  has  b e en  abandoned due to  num er
ous f a u l t s  and a p p a r e n t  r e p e t i t i o n  o f  
s e c t i o n .

M easured  S e c t i o n  9: Q u a r ry  M ounta in

L o c a t i o n :  W l/2 ,  S E l / 4 ,  N E l /4 ,  Sec.  11,  and E l / 2 ,  NWl/4,
N E l /4 ,  S E l / 4 ,  Sec .  11 ,  T. 13 N . , R. 23 E . , 
Sequoyah County ,  Oklahoma.

Measured  s e c t i o n  9 i s  l o c a t e d  a lo n g  o ld  ro ad  t h a t

c r o s s e d  Q uarry  Mounta in  i n  t h e  194 0 ' s .  B eg in n ing  a t  t h e

c r o s s - r o a d s  i n  t h e  S E l /4 ,  N E l /4 ,  Sec. 9 ,  T. 13 N . , R. 23 E . ,

p r o c e e d  n o r t h  0 .65  m i l e s ,  t u r n  e a s t ,  p r o c e e d  1 .35  m i l e s  to

where  o l d  ro a d  i n t e r s e c t s  l a n e .  Walk a lon g  o l d  r o a d  1500 to

1600 y a r d s  to  th e  f i r s t  Morrowan o u t c r o p s ,  and 2300 to  2400

y a rd s  f u r t h e r  to  P i tk in -M o r r o w  c o n t a c t  w hich  i s  w e l l - e x p o s e d
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h e r e .  E n t i r e  s e c t i o n  i s  exposed  a long  c o u rse  o f  o l d  ro ad .

S e c t i o n  m easured  and d e s c r i b e d  by David A. K o t i l a  i n  A u g us t ,

1963,  and March, 1964.

UNIT DESCRIPTION THICKNESS (FEET)

Morrow Fo rm a t ion

32 Covered t o  b a se  o f  Atoka F o rm a t io n ,  a p p r o x i 
m a te ly  30 .0

Remarks: U n i t s  32-2 7 a re  v e ry  p o o r ly
e xposed ,  so  on ly  t h e  most g e n e r a l  d e s 
c r i p t i o n s  a re  g iv e n .

31 L im es to ne ,  c o n t a i n s  c r i n o i d a l  d e b r i s  abundant
b l a s t o i d s ,  w e a th e r s  smooth 0 .8

30 Covered 6 .5

29 L im es to ne ,  somewhat i r r e g u l a r ,  f i n e - g r a i n e d  . 4 .0

28 Covered 5 .0

27 L im es to n e ,  t h i n -  and i r r e g u l a r l y - b e d d e d ,  a l g a l ,
p o o r l y - e x p o s e d  2 .5

26 S h a le  4 .0

25 L im es to n e ,  medium l i g h t  g ray  and d a rk  g r a y ,
w e a th e r s  l i g h t  o l i v e  brown, f o s s i l i f e r o u s ,
(T .S .  712: medium t o  c o a r se  c a l c a r e n i t e ;  p a r 
t i a l l y  r e c r y s t a l l i z e d ,  a s p h a l t i c ,  b ryozoan  
b i o m i c r i t e ,  w i t h  b r y o z o a n s ,  b r a c h i o p o d s ,  
e ch in o derm s ,  p e le c y p o d s  and t r i l o b i t e  f r a g 
m ents ,  e n c r u s t i n g  and e n d o t h y r i d  f o r a m i n i f e r s , 
G i r v a n e l l a ) , C lad o c h o n u s , p r o d u c t i d s ,  forms 
s l i g h t  l e d g e ,  m o s t ly  slumped 1 .4

24 S h a le  2 .5

23 L im es to ne ,  medium g r a y ,  w e a th e r s  o l i v e  gray
(5 Y 4 / 1 ) ,  c r o s s - b e d d e d ,  l e n t i c u l a r ,  t h i n  
s h a l e  b r e a k s ,  (Top: f i n e  c a l c i r u d i t e :  C r i n o i 
d a l  b i o m i c r u d i t e ,  w i t h  p r o d u c t i d  s p i n e s ;  
s l i g h t l y  a s p h a l t i c ) ,  l a r g e  c r i n o i d  f r a g m e n ts  2 .2

22 L im es tone ,  medium d a rk  g r a y ,  w e a th e r s  medium
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gray  and p a l e  y e l l o w i s h  broivn, i r r e g u l a r ,  wea
t h e r s  r u b b l y ,  ( m i c r i t i c  a l g a l  b i o l i t h i t e ,  w i th  
C u ne iph y cu s , and bryozoans  0 .8

21 L im es tone ,  medium g r a y ,  w e a th e rs  l i g h t  o l i v e
g r a y ,  (5 Y 5 /2)  medium-bedded, even-bedded ,
w e a th e rs  smooth, ( c o a r s e  c a l c a r e n i t e ;  e c h i n o 
derm b i o m i c r i t e ,  w i th  p u n c t a t e  b ra c h io p o d  f r a g 
m en ts ,  b ry o z o a n s ;  m i c r o s t y l o l i t e s , s u t u r e d  con
t a c t s )  1. 8

20 L im es to ne ,  medium d a rk  g r a y ,  w e a th e rs  m odera te
y e l l o w i s h  brown, even-bedded ,  ( f i n e  c a l c i r u 
d i t e :  c o a t e d ,  ech in o derm -b ry o zo a n -b rac h io p o d  
b i o s p a r r u d i t e , w i th  e n c r u s t i n g  f o r a m i n i f e r s , 
g a s t r o p o d s ) , H u s t e d i a , C om pos i ta , M i c h e l i n i a , 
c r i n o i d  d e b r i s  and p r o d u c t i d  sp in e s^  l e d g e - 
form ing  1 .8

19 L im es to n e ,  medium g r a y , w e a th e r s  g r a y i s h  o ran g e ,
bedding  v e r y  i r r e g u l a r ,  u n d u l a t o r y ,  r u b b l y ,  
l e n s i n g ,  (Top: medium t o  c o a r se  c a l c a r e n i t e :  
p a r t l y  r e c r y s t a l l i z e d  b ryozoan  b i o m i c r i t e ,  w i th  
f e n e s t e l l i d  b ryozoans  and some echinoderm 
p l a t e s ) , q u i t e  f o s s i l i f e r o u s  w i t h  M i c h e l i n i a  
and b r a c h i o p o d s ,  i n t e r s p e r s e d  w i th  t h i n  s h a l e s  4 .7

18 Covered ,  p o s s i b l y  l im e s to n e  2 .1

17 L im es tone ,  medium l i g h t  g r a y ,  and l i g h t  o l i v e
g ray  (5 Y 6 / 1 ) ,  w e a th e r s  l i g h t  o l i v e  g ray  (5 
Y 6 /1 )  and g r a y i s h  o ra n g e ,  medium-bedded,  even- 
bedded ,  lower  c o n t a c t  u n d u l a t o r y ,  (Base: T .S .
711: f i n e  c a l c i r u d i t e :  i n t r a c l a s t - b e a r i n g  
b ryozoan  b i o m i c r u d i t e ,  w i t h  O s a g i a , e n d o th y r i d  
f o r a m i n i f e r s ,  b r y o z o a n s ,  ech inoderm  p l a t e s ,  
g a s t r o p o d s ,  b r a c h i o p o d s ,  o s t r a c o d e s  and t r i l o 
b i t e  f r a g m e n ts ,  g h o s t  s t r u c t u r e s ,  b u t  w i th  some 
p r im a ry  c a l c i t e  s p a r  i n  form of  d rusy  c o a t i n g s ) , 
u n i t  f o s s i l i f e r o u s ,  w i t h  C om pos i ta , S c h i z o p h o r i a , 
S p i r i f e r i n a , P u n c t o s p i r i f e r , H u s t e d i a , p ro du c-  
t i d s , and M i c h e l i n i a ; rocks  have 5 to  61 b l a c k  
a s p h a l t i c  c o n t e n t  (51 i n  t h i n  s e c t i o n )  l e d g e -  
forming 8 .0

16 L im es tone ,  medium g r a y ,  w e a th e rs  medium l i g h t  
g r a y ,  medium- to  t h i c k - b e d d e d ,  i r r e g u l a r ,  b e d 
d ing p o o r l y - d e f i n e d ,  a l g a l  e n c r u s t a t i o n s ,  ( f i n e  
c a l c i r u d i t e :  i n t r a c l a s t - b e a r i n g  a l g a l - b r y o z o a n  
b i o m i c r u d i t e ,  w i th  c o a t e d  f o s s i l  f r a g m e n t s ) ,  
some beds  ap p ea r  to  be m i c r i t e s  o r  d i s m i c r i t e s ;
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abundant  b ry o z o a n s ,  f i s t u l i p o r i d  and C h a e t e t e s ,  
e n c r u s t i n g  a l g a e ,  w e a th e r s  smooth 12 .7

15 S h a le ,  o l i v e  g ray  (5 Y 4 / 1 ) ,  w e a th e r s  l i g h t
o l i v e  g ray  (5 Y 6 / 1 ) ,  p a l e  y e l l o w i s h  brown, 
and m odera te  y e l l o w i s h  brown, g e n e r a l l y  
p o o r ly  exposed  due to  s lumping 9 .5

14 L im es to ne ,  medium g ray  t o  medium da rk  g r a y ,
w e a th e rs  o l i v e  g ray  (5 Y 4 / 1 ) ,  l i g h t  o l i v e  
g ray  (5 Y 6 / 1 ) ,  g r a y i s h  o r a n g e ,  and g r a y i s h  
o range  p i n k ,  bedd ing  uneven and s l i g h t l y  un 
d u l a t o r y ,  sandy ,  d i f f e r e n t i a l  w e a th e r in g  p r o 
duces s t r i n g e r s  o r  v e i n l e t s  o f  sa n d ,  medium- 
bedded ,  (Base:  T .S .  710: f i n e  c a l c i r u d i t e :  
p a r t l y  r e c r y s t a l l i z e d  c r i n o i d a l  b i o m i c r u d i t e ,  
w i t h  c r i n o i d  and o t h e r  echinoderm d e b r i s , 
b r y o z o a n s ,  g a s t r o p o d s ,  o s t r a c o d e s ,  t r i l o b i t e  
and b r a c h io p o d  f r a g m e n ts ,  r e c r y s t a l l i z e d  a l 
g a l  p l a t e s ,  abundant  b l a s t o i d s  i n  u p pe r  t h r e e  
f e e t ,  ammodiscid and e n c r u s t i n g  f o r a m i n i f e r s ) ,  
l e d g e - f o rm in g  8 .6

13 L im estone  and s h a l e :  l i m e s t o n e ,  medium l i g h t
g r a y ,  w e a th e r s  g r a y i s h  o ra n g e ,  i r r e g u l a r l y -  
bedded ,  r u b b l y ,  crumbly ,  ( c o a r s e  c a l c a r e n i t e :  
s an d y ,  a r g i l l a c e o u s ,  ech inoderm  b i o m i c r i t e ,  
w i t h  15% f i n e - g r a i n e d  q u a r t z  sa n d ,  10% c l a y ,  
w i t h  b ryo zoan  and b r a c h io p o d  f r a g m e n t s ) , s h a l e ,  
h e a v i l y  b row nish  i r o n - s t a i n e d ,  c o n t a i n  f u c 
o i d s ,  found  i n  upper  1 .5  f e e t  o f  u n i t ,  t o t a l  
t h i c k n e s s  o f  u n i t  2 .2

12 L im es to ne ,  medium g r a y ,  w e a th e r s  p a l e  y e l l o w 
i s h  brown, uneven ,  bedd ing  u n d u l a t o r y ,  ( c o a r s e  
c a l c a r e n i t e :  s a n d y ,  a r g i l l a c e o u s ,  echinoderm 
b i o m i c r i t e ,  w i t h  10% sand  and some b ry o zo a n s )  1 .5

11 Covered,  app ea rs  t o  be r e d d i s h  brown s h a l e  2 .0

10 L im es tone ,  medium g r a y ,  w e a th e r s  p a l e  y e l l o w 
i s h  brown and g r a y i s h  o ra n g e ,  t h i n -  t o  medium- 
bedded ,  uneven -bedd ed ,  u n d u l a t o r y ,  (Top: T.S.
709: f i n e  c a l c i r u d i t e :  s and y ,  c a l c i r u d i t e ;
s andy ,  echinoderm b i o s p a r r u d i t e ,  w i t h  10%
v e ry  f i n e - g r a i n e d  q u a r t z  s a n d ,  w i t h  b ry o z o a n s ,
b r a c h io p o d  f r a g m e n t s ,  G i r v a n e l l a , M i l l e r e l l a ,
w i t h  h a l f  t o  t w o - t h i r d s  o f  c a l c i t e  s p a r  m a t r i x
r e p l a c e d  by s i d e r i t e  and l i m o n i t e ) , l e d g e -
forming 4. 5
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L im es tone ,  medium g ray  w i t h  s p o t s  o f  l i g h t  
brown, w e a th e rs  medium l i g h t  g r a y ,  t h i n -  and 
even-bedd ed ,  c o n ta in s  b l a c k  p h o s p h a t i c  g r a n 
u l e s  and p e b b le s  on upper  s u r f a c e s  o f  b e d s ,
(Top: f i n e  c a l c i r u d i t e :  sandy ,  a r g i l l a c e o u s ,  
m i c r i t i c ,  echinoderm b i o s p a r r u d i t e ,  w i th  
t r a c e  g l a u c o n i t e ) , c o n ta in s  Thamnopora c a r 
bon a r i a , w e l l - e x p o s e d ,  a long  w i t h  u n i t  10 
i n  b u l ld o z e d  a r e a  w es t  of  road  4 .8

L im es tone ,  w i t h  s h a l e :  l i m e s t o n e ,  s h a l y ,  
r u b b l y ,  v e ry  c rum bly ,  s h a l e  a t  top  i s  ve ry  
c a l c a r e o u s  and s i l t y  1 .5

L im es tone ,  medium l i g h t  g ray  w i t h  s p o t s  o f  
l i g h t  brown, (5 YR 6 /4)  w e a th e r s  g r a y i s h  y e l 
low (5 Y 8 / 4 ) ,  p a l e  y e l l o w i s h  brown, and l i g h t  
g r a y ,  medium-bedded, uneven-bedded ,  (Base: 
medium c a l c a r e n i t e :  f o s s i l i f e r o u s  o o s p a r i t e ,  
w i t h  echinoderm p l a t e s ,  o s t r a c o d e s ,  b ry o zo a n s ,  
f o r a m i n i f e r s ) , lower  beds c o a te d  w i t h  s e c o n 
da ry  c a r b o n a t e ,  l e d g e - fo rm in g  3 .7

S h a le ,  g e n e r a l l y  covered  e x c e p t  where u n i t  7
o ccurs  i n  wash as s l i g h t  ledge  u n d e r l a i n  by
s h a l e  o f  t h i s  u n i t  3.0

S i l t s t o n e ,  medium da rk  g r a y ,  w e a th e rs  l i g h t  
o l i v e  g ray  (5 Y 6 / 1 ) ,  v e ry  t h in - b e d d e d ,  even-  
bedded ,  abundant  f u c o i d s ,  h i g h l y  p i t t e d  a p p e a r 
an ce ,  CT.S. 708: p h o s p h a t i c ,  a r g i l l a c e o u s ,  
s p i c u l i f e r o u s  s i l t s t o n e ,  w i t h  m a t r ix  o f  p h o s 
p h a te  and c l a y  and s i l i c a  ^ch a lc ed o n y ) ,  w i t h  
10% c h a l c e d o n ic  s p i c u l e s ,  2% g l a u c o n i t e )  1 .7

L im es tone ,  l i g h t  g ray  and medium l i g h t  g r a y ,  
w e a th e r s  l i g h t  o l i v e  g ra y  (5 Y 5 /2)  , medium- 
bedded ,  i r r e g u l a r ,  (1 .5  f e e t  from to p :  T .S .
707: f i n e  c a l c i r u d i t e :  sandy echinoderm- 
bryozoan  b i o s p a r r u d i t e ,  w i t h  10% ve ry  f i n e  
sa n d ,  some secondary  q u a r t z  ov e rg ro w th s ,  con
t a i n s  34% a s p h a l t i c  m a t e r i a l ,  t r a c e  g l a u 
c o n i t e ,  w i t h  b r a c h io p o d  f r a g m e n t s ,  M i l l e r e l l a , 
G i r v a n e l l a ) , w e a th e r s  smooth and rounded ,  
l e d g e - f o r m in g ,  occu rs  i n  wash runn ing  down 
m iddle  o f  o ld  ro ad -b e d  5 .6

Sandstone  and s h a l e :  s a n d s t o n e ,  d a rk  y e l lo w 
i s h  o r a n g e , w e a th e rs  to  m o t t l e d  modera te  
brown (5 YR 4 / 4 ) ,  and g r a y i s h  o ra n g e ,  s h a l y ,  
f e r r u g i n o u s ,  a r g i l l a c e o u s ,  ( f i n e - g r a i n e d .
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l i m o n i t e -cem ented  s a n d s t o n e ) ; g e n e r a l l y  p o o r l y  
exposed  and i n t e r b e d d e d  w i t h  t h i n  and i r r e g u 
l a r  m o dera te  y e l l o w i s h  brown s h a l e  4 .0

S a n d s to n e ,  l i g h t  g r a y  w i th  s p o t s  o f  g r a y i s h  
o ran g e  p i n k ,  w e a t h e r s  l i g h t  o l i v e  g ra y  (5 Y 
6 / 1 ) ,  v e ry  c a l c a r e o u s  and i s  v e ry  sandy l i m e 
s t o n e  i n  p l a c e s ,  l o c a l l y  c o n g lo m e r a t i c  a t  b a se  
2 i n c h e s  t o  4 i n c h e s ,  and c o n t a c t  i s  we lded  
l o c a l l y ,  medium- t o  t h i c k - b e d d e d ,  c r o s s - b e d d i n g  
c l e a r l y  shown where d i f f e r e n t i a l  w e a th e r in g  
has  em phas ized  p u r e  sand  l a y e r s ,  o b scu re  
o t h e r w i s e ,  e x t r e m e ly  f u c o i d a l  i n  up p e r  3 to  4 
f e e t ,  (1 f o o t  above b a s e :  f i n e - g r a i n e d ,  f o s 
s i l i f e r o u s  s a n d s t o n e ,  w i t h  50 to  60% sa n d  and 
40 t o  50% f o s s i l  d e t r i t u s ,  c a l c i t e - c e m e n t e d ) , 
c o n t a c t  w i t h  P i t k i n  l im e s to n e  below i s  s h a r p l y  
u n c o n fo r m a b le ; low er  1 to  2 f e e t  w e a t h e r s  to  
h i g h l y  p i t t e d  a p p e a ra n c e ;  upper  3 f e e t  a r e  
expo sed  i n  wash i n  m idd le  o f  o l d  r o a d ,  r e m a in 
d e r  exposed  as benches  or  s m a l l  c l i f f s  on w es t  
s i d e  o f  ro a d  10 .5

P i t k i n  Fo rm a t ion

L im e s to n e ,  l i g h t  g ra y  and medium l i g h t  g r a y ,  
w e a th e r s  l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  c r o s s 
b edded ,  o s c i l l a t i o n  r i p p l e s  p r e s e n t  m ea su r in g  
2 to  2 .5  f e e t  from c r e s t  to  c r e s t ,  v e ry  f o s 
s i l i f e r o u s  e s p e c i a l l y  c r i n o i d  stem f r a g m e n t s ,  
some A rc h im e d e s , [2 f e e t  below to p :  i n t e r -  
l a m i n a t e d  b i o m i c r i t e ,  p a r t l y  r e c r y s t a l l i z e d  
o o l i t i c  b i o m i c r u d i t e ,  and f o s s i l i f e r o u s  oomi- 
c r i t e ,  w i t h  c r i n o i d a l  d e b r i s ,  b r y o z o a n s ,  f o r 
a m i n i f e r s ,  and b r a c h i o p o d  f r a g m e n t s ) ,  o c c u r s  
as bench  on w e s t  s i d e  o f  r o a d ,  u p p e r  s u r f a c e  
i s  v e r y  i r r e g u l a r  and knobby, w i t h  b a s a l  Morrow 
f i l l i n g  i n  low s p o t s ,  e t c .  q u i t e  o b v i o u s l y  an 
e r o s i o n a l  s u r f a c e ,  b a s e  o f  u n i t  n o t  exposed  6 .5

Remarks: L o c a l l y  t h e  c o n t a c t  be tween
P i t k i n  and Morrow i s  a welded  c o n t a c t .
A t h i n  s e c t i o n  was p r e p a r e d  and d e s c r i p 
t i o n  f o l l o w s :

D i r e c t l y  be low t h e  c o n t a c t :  ( P i t k i n )  
lower  o n e - t h i r d  o f  T .S .  706: f i n e  c a l 
c a r e n i t e :  b i o s p a r i t e ,  w i t h  ech inoderm  
p l a t e s  and s p i n e s ,  b ry o z o a n s ,  b r a c h io p o d  
f r a g m e n t s ,  f o r a m i n i f e r s ,  many g h o s t  s t r u c 
t u r e s  .

D i r e c t l y  above c o n t a c t :  (Morrow) 
u p p e r  t w o - t h i r d s  o f  T .S .  706: b i o s p a r i t e -
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p e b b le  cong lom era te  w i th  b i o s p a r i t e  p e b 
b l e s  r a n g in g  from 8 to  20 m i l l i m e t e r s ,  
w i th  f o s s i l i f e r o u s ,  m ed ium -gra ined  sand  
m a t r i x .

C o n tac t  p r o p e r :  i r o n - s t a i n e d  c o r r o 
s i o n  zone c o a t in g  s u r f a c e .  S u r fa c e  i r 
r e g u l a r  w i th  burrows and e x c a v a t io n s  
f i l l e d  w i t h  o v e r l y i n g  Morrow sand and 
p h o sp h a te  g r a i n s .  A l s o ,  s e e  d i s c u s s i o n  
o f  P i tk in -M orrow  c o n t a c t  i n  t e x t .

Measured S e c t i o n  10; T e n k i l l e r  NW

L o c a t i o n :  SWl/4, N E l /4 ,  Sec. 4 ,  T. 13 N . , R. 21 E . , Sequoyah
County,  Oklahoma.

Measured S e c t i o n  10 i s  l o c a t e d  i n  the  d i t c h  and on the  

h i l l s i d e  w es t  o f  t h e  g r a v e l  r o a d ,  commencing a t  t h e  i n t e r s e c 

t i o n  o f  th e  ro a d  and s t r e a m ,  and c o n t i n u i n g  up th e  d i t c h  and 

h i l l s i d e  to  t h e  Atoka s a n d s to n e  n e a r l y  to  th e  top  o f  t h e  h i l l .  

S e c t i o n  m easured  and d e s c r i b e d  by David A. K o t i l a ,  May, 1965.

UNIT DESCRIPTION THICKNESS (FEET)

Atoka  Form at ion

15 S a n d s to n e ,  medium l i g h t  g ray  and p a l e  y e l l o w 
i s h  brown, w e a th e rs  l i g h t  brown (5 Y 6 /4 )  and 
l i g h t  b ro w n ish  g r a y ,  t h i c k - b e d d e d ,  e v e n -b e d d e d ,
( l i m o n i t i c ,  c o n g lo m e r a t i c ,  m ed ium -gra ined ,  
s a n d s t o n e ,  w i th  se co n d a ry  q u a r t z  o v e r g r o w t h s ) , 
l e d g e - f o r m in g  3 .0

Morrow Form ation

14 L im es to ne ,  medium g ray  and l i g h t  o l i v e  g r a y ,
w e a th e r s  same and g r a y i s h  o r a n g e ,  medium- 
bed ded ,  u n d u l a t o r y ,  s p l o t c h y  ap p ea rance  on 
w e a th e re d  s u r f a c e ,  (medium to  c o a r s e  c a l c a r e 
n i t e :  f o r a m i n i f e r a l  b i o m i c r i t e  w i th  p o c k e t s  
o f  f o r a m i n i f e r a l  b i o s p a r i t e ,  and w i th  e c h i n o 
derm p l a t e s ,  b ry o z o a n s ,  b r a c h io p o d  f r a g m e n t s ,  
f o r a m i n i f e r s ,  e s p e c i a l l y  e n c r u s t i n g  t y p e s ) ,  
p r o d u c t i d s ,  H u s t e d i a ; a s i n g l e  bed 2 .6

13 Covered ,  p r o b a b ly  same as U n i t  12 13 .9
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12 S ha le  and l im e s t o n e :  s h a l e ,  o l i v e  b l a c k  wea

t h e r s  o l i v e  g ray  (5 Y 5 / 2 ) ,  and da rk  y e l l o w 
i s h  o ra n g e ;  l i m e s t o n e ,  medium g ray  w e a th e rs  
p a l e  y e l l o w i s h  orange  and p a l e  y e l l o w i s h  
brown, medium-bedded, becomes i n c r e a s i n g l y  
s i l t y ,  g l a u c o n i t i c ,  and a r g i l l a c e o u s  upward,
(6 f e e t  above b a s e :  f i n e  to  medium c a l c a r e 
n i t e ;  l i m o n i t i c ,  s p i c u l i f e r o u s ,  f o r a m i n i f e r a l  
b i o m i c r i t e ,  w i th  echinoderm p l a t e s ,  broken 
s h e l l  d e b r i s ) ,  l e d g e - f o rm in g  15 .1

11 S i l t s t o n e ,  o l i v e  g ray  [5 Y 4 / 1 ) ,  and medium
d a r k  g ray  w i th  sp ecks  o f  g r a y i s h  o ran g e ,  wea
t h e r s  p a l e  y e l l o w i s h  brown and l i g h t  o l i v e  
g r a y  (5 Y 6 / 1 ) ,  s h a l y ,  f o s s i l i f e r o u s ,  p e b b ly ;  
c r i n o i d s , b r a c h io p o d s ,  t a b u l a t e  c o r a l s ,  a lg a e  0 .5

10 L im es ton e ,  l i g h t  b ro w n ish  gray  w i t h  sp o t s  o f
g r a y i s h  orange w e a th e rs  p a l e  y e l l o w i s h  brown, 
t h i c k - b e d d e d ,  u n d u l a t o r y ,  sand l e n s e s ,  becomes 
c o n g lo m e r a t i c  upward, c ro s s - b e d d e d  (1 f o o t  
above b a s e :  f i n e  to  medium c a l c i r u d i t e ;  hema- 
t i t i c ,  m o l lu sc an  b i o s p a r u d i t e ) , g a s t r o p o d s ,  
p e l e c y p o d s ,  c e p h a lo p o d s ,  p r o d u c t i d s ,  b ry o z o a n s ,  
t r i l o b i t e s ,  E u c o n o s p i r a , S p i r i f e r ; forms p r o 
m inen t  ledge  in  d i t c h  4 .9

9 S h a le  and l im e s t o n e :  s h a l e ,  da rk  y e l l o w i s h
brown, w e a th e r s  l i g h t  y e l l o w i s h  brown, c a l 
c a r e o u s ,  i r r e g u l a r ,  q u i t e  s i l t y ;  l im e s t o n e ,  
medium l i g h t  g ra y  w i t h  s p o t s  o f  p a l e  y e l l o w 
i s h  o range  w e a th e rs  da rk  y e l l o w i s h  o range ,  
t h i n - b e d d e d ,  uneven-bedded ,  u n d u l a t o r y ,  f o s 
s i l i f e r o u s ,  (Base: c o a r s e  c a l c a r e n i t e ;  a r g i l 
l a c e o u s ,  c r i n o i d a l  b i o m i c r i t e ,  w i th  b r a c h i o 
pod f r a g m e n ts ,  b r y o z o a ) , b l a s t o i d s ,  t a b u l a t e  
c o r a l s  5 .0

8 L im es tone ,  medium l i g h t  g ray  and l i g h t  o l i v e
g ra y  (5 Y 6 / 1 ) ,  w e a th e r s  p a l e  o l i v e  and dusky 
y e l l o w ,  uneven-bedded ,  u n d u l a t o r y ,  w e a th e rs  
s p l o t c h y ,  (medium c a l c i r u d i t e ;  o n c o l i t h -  
b e a r i n g ,  g l a u c o n i t i c ,  a r g i l l a c e o u s ,  c o n g lo 
m e r a t i c ,  b i o m i c r u d i t e ,  w i t h  echinoderm p l a t e s ,  
b ry o z o a n s ,  b ra c h io p o d s  f r a g m e n ts ,  M i l l e r e l l a ,
O s a g ia ) , a s i n g l e  b e d ,  l e d g e - fo rm in g  1.0

7 S h a l e ,  m odera te  y e l l o w i s h  brown w e a th e rs  g r a y 
i s h  o r a n g e ,  s i l t y ,  c a l c a r e o u s ,  w i th  t h i n  i n t e r 
bedded l im e s to n e s  3 .1

6 L im es to ne ,  medium g r a y  and g r a y i s h  orange
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w e a th e rs  l i g h t  o l i v e  g ray  (5 Y 5 / 2 ) ,  p a l e  
y e l l o w i s h  brown and l i g h t  o l i v e  brown, 
medium-bedded, u n d u l a t o r y ,  l enses ,  o f  f i n e 
g r a i n e d  l im o n i t e - c e m e n te d  s a n d s t o n e ,  (Top: 
c o a r s e  c a l c a r e n i t e :  echinoderm b i o m i c r i t e ,  
w i t h  c la y  p a r t i n g s ,  b r a c h io p o d  f r a g m e n t s ) ,  
l e d g e - f o rm in g  4 .4

5 L im es tone ,  medium g r a y  w e a th e r s  p a l e  y e l l o w 
i s h  brown, f i n e - g r a i n e d ,  medium-bedded, even-
bedded,  (2 f e e t  above b a s e :  f i n e  c a l c a r e n i t e :
b ryozoan  b i o m i c r i t e ) , l e d g e - fo rm in g  3 .4

4 S h a le ,  o l i v e  b l a c k  w e a th e r s  o l i v e  g ray  and
l i g h t  o l i v e  g ray  2 .8

3 Sha le  and l im e s t o n e :  s h a l e ,  same as U ni t  4;
l im e s t o n e ,  l i g h t  o l i v e  g ra y  (5 Y 6 /1 )  wea
t h e r s  g r a y i s h  orange  and p a l e  y e l l o w i s h  o ra n g e ,  
even -bedd ed ,  ( c o a r s e  c a l c i l u t i t e ;  l i m o n i t i c :  
s p a r s e  b ryozoan  b i o m i c r i t e )  5 .0

2 L im es tone ,  medium g ray  w e a th e r s  l i g h t  o l i v e
g r a y  (5 Y 6 / 1 ) ,  w i t h  s t r e a k s  o f  g r a y i s h  
o ran g e ,  even -b ed d e d ,  t h i n - b e d d e d ,  w e a th e r s  
smooth,  (medium t o  c o a r s e  c a l c a r e n i t e :  l i m o n i 
t i c  b ryozoan  b i o m i c r i t e ;  w i t h  p r o d u c t i d s ) ,  
l e d g e - f o rm in g  1 .7

1 O n c o l i t i c  l im e s t o n e ,  medium l i g h t  g ray  and
l i g h t  o l i v e  g ra y  (S Y 6 /1)  , w e a th e r s  p a l e  
y e l l o w i s h  o range  and y e l l o w i s h  g ray  (5 Y 8 / 1 ) ,  
i r r e g u l a r  and r u b b l y ,  (O s a g ia - c o a t e d  b ry ozo an -  
echinoderm b i o m i c r u d i t e  w i t h  l a y e r s  and l e n s e s
o f  a lg a e  b i o l i t h i t e  composed o f  plumose c o l o 
n i e s  o f  O t t o n o s i a ) , b ase  n o t  exposed  0 .9

Measured S e c t io n  11: Webbers Cove

L o c a t io n :  E l / 2 ,  SWl/4, SWl/4, Sec. 17, T. 13 N . , R. 21 E . ,
Sequoyah County.

Approach Measured S e c t i o n  11 by t r a v e l i n g  s o u t h  0 .6  m i le s  

from Highway lOA on road  t o  p o i n t  where i n t e r m i t t e n t  s t r e am  

a b u t t s  in  t h e  N l / 2 ,  N E l /4 ,  S E l /4 ,  Sec.  18,  T. 13 N . , R. 21 E. 

Walk down g u l l y  p a s t  f i r s t  j u n c t i o n  w i t h  g u l l y  from n o r t h -

n o r th w e s t  and doxra to  n e x t  j u n c t i o n  w i th  i n t e r m i t t e n t  s t r e am
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from n o r t h .  Measured s e c t i o n  i s  on e a s t e r n  v a l l e y  s i d e  b e 

g in n in g  a t  p o i n t  l o c a t e d  abou t  150 to  200 y a rds  downstream 

from j u n c t i o n .  Here P i t k i n  i s  exposed n o r t h e a s t  o f  s t r e am  

bed .  U n i t s  1-6 measured  h e re  and rem ainder  o f  s e c t i o n  i s  

l o c a t e d  by fo l lo w in g  u n i t  6 n o r th w es tw ard  around and up h i l l 

s i d e ,  a long  th e  s t r i k e  d i r e c t l y  above sm a l l  b io h e rm a l  d e v e lo p 

ment i n  u n i t  8. U n i t s  12 and 13 a re  measured o b l i q u e l y  to  

s t r i k e .  An a p p a re n t  d ip  v a lu e  o f  4 .5  deg rees  was u se d  to  

measure  t h e s e  u n i t s .  S e c t i o n  measured  and d e s c r i b e d  by 

David A. K o t i l a  i n  March, 1964 and September ,  1964.

UNIT DESCRIPTION THICKNESS (FEETj

Morrow Form ation

14 Covered t o  l a r g e  Atoka sa n d s to n e  slump b lo ck s
n e a r  top  o f  h i l l  (Atoka n o t  i n  p l a c e ) .  T h ic k 
n e ss  n o t  measured

13 L im es to ne ,  l i g h t  g r a y ,  w e a th e rs  g r a y i s h  o r a n g e ,
medium- t o  t h i c k - b e d d e d ,  u n d u l a t o r y ,  forms 
p ro m in e n t  bench above covered  i n t e r v a l ,  (4 
f e e t  above b a s e :  c o a r s e - g r a i n e d ,  echinoderm- 
b r y o z o a n - a l g a l  b i o s p a r i t e ,  w i t h  p l a t y  a l g a e ,  
b ra c h io p o d  f r a g m e n t s ,  g a s t r o p o d s ,  e n c r u s t i n g  
f o r a m i n i f e r s  and c la y  p a r t i n g s )  8 .6

12 Covered 20.0

11 L im es ton e ,  l i g h t  g r a y ,  w e a th e rs  l i g h t  o l i v e
g ra y  (5 Y 6 / 1 ) ,  somewhat i r r e g u l a r l y - b e d d e d ,
(3 f e e t  above b a s e :  m i c r i t i c  a l g a l  b i o l i t h i t e ,  
w i t h  b r y o z o a n s ) , u n i t  r a t h e r  p o o r l y  exposed ,  
forms g r a s s y  s l o p e  w i t h  e r r a t i c  and d i s c o n 
t i n u o u s  l e d g e s ,  becoming more r e g u l a r  and 
m ass ive  n e a r  top  o f  u n i t  9 .2

10 L im es tone ,  l i g h t  g r a y ,  w e a th e r s  l i g h t  o l i v e
g r a y  (5 Y 6 / 1 ) ,  i r r e g u l a r l y - b e d d e d ,  u n d u l a 
t o r y ,  t h i n -  to  t h i c k - b e d d e d ,  w e a th e r s  r u b b l y ,
(8 f e e t  above b a s e :  p a r t l y  r e c r y s t a l l i z e d .
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b r y o z o a n - a l g a l  b i o m i c r u d i t e :  C u n e ip h y c u s ,
G i r v a n e l l a ) , upperm ost  beds form consp icu o us
le d g e  3 ; t o  5 f e e t  h i g h ,  b a rb e d - w i r e  f e n c e
c r o s s e s  u p p e r  p o r t i o n  o f  u n i t  16.2

L im es to n e ,  medium l i g h t  g ray  and y e l l o w i s h  
g ra y  (5 Y 7 /2 )  w i t h  specks  o f  m odera te  y e l l o w 
i s h  brown and l i g h t  o l i v e  g ray  [5 Y 6 /1 )  , t h i n -  
t o  medium-bedded, even -b ed d e d ,  (Base:  m i c r i t i c ,  
p o o r l y  s o r t e d ,  f i n e - g r a i n e d ,  c r i n o i d a l  b i o 
s p a r r u d i t e ,  w i th  b ryozoans  and b r a c h i o p o d s ) , 
ba se  o f  u n i t  t a k e n  as base  o f  f i r s t  p ro m in e n t  
bench above th e  m odera te  s lo p e  o f  t h i n  l i m e 
s t o n e  l e d g e s  o f  u n i t  8, the  top  i s  t a k e n  as 
t h e  upperm ost  ev en -b ed d e d ,  n o n ru b b ly  l im e s t o n e  12.2

L im es to n e ,  medium g r a y ,  w e a th e r s  v e ry  p a l e  
o range  and g r a y i s h  o ra n g e ,  t h i n -  and even-  
bedded ,  (5 f e e t  above b a s e :  m i c r i t i c ,  f i n e 
g r a i n e d ,  e ch in o d erm -b ry ozoan  b i o s p a r r u d i t e ,  
w i t h  g a s t r o p o d s ,  o s t r a c o d e s ,  p r o d u c t i d  s p i n e s ) ,  
sm a l l  b io h e r m a l  development  a t  b a se  o f  u n i t  
( a l g a l - b r y o z o a n  b i o l i t h i t e - b i o m i c r u d i t e  w i t h  
p l a t y  and t u b u l a r  a l g a e ,  s t r o m a t o l i t i c  a l g a e ,
O s a g i a , f i s t u l i p o r i d  b r y o z o a n s ,  s o l i t a r y  ru g o se  
c o r a l s ,  G i r v a n e l l a , C h a e t e t e s , b r a c h i o p o d s ,  
and ech inoderm  p l a t e s ,  and c r i s s - c r o s s e d  by 
w h i t e  c o a r s e l y - c r y s t a l l i n e  c a l c i t e - f i l l e d  f r a c 
t u r e s )  ; low er  p a r t  o f  u n i t  forms p ro m in e n t  
bench 6 t o  8 f e e t  h i g h ,  u pper  p o r t i o n  forms 
s l o p e  w i t h  p o o r l y  e x p o sed ,  d i s c o n t i n u o u s ,  l i m e 
s t o n e  l e d g e s  24.5

Remarks: U n i t s  8 t o  13 a re  d ip p in g  9 t o
11 .5  d e g re e s  i n  a d i r e c t i o n  a p p ro x im a te ly
N 80° W. U n i t s  1 t o  6 below a r e  d ip p in g
4 .5  to  7 d e g re e s  i n  a d i r e c t i o n  a p p r o x i 
m a te ly  N 55° W.

Covered ,  t h i c k n e s s  v a r y i n g  from 7 t o  15 f e e t ,  
av e rag e s  11.0

Sandy l i m e s t o n e ,  medium g ra y ,  w e a th e r s  l i g h t  
g r a y ,  medium- t o  t h i c k - b e d d e d  w i t h  f l a g g y  
s p l i t t i n g ,  b e d d in g  s l i g h t l y  u n d u l a t o r y  i n  
lower  5 f e e t ,  v e ry  uneven a t  top  o f  u n i t ,  (2 
f e e t  above b a s e :  s a n d y ,  f i n e - g r a i n e d ,  c r i n o i 
d a l  b i o s p a r r u d i t e ,  w i t h  b ryozoan  and t r i l o 
b i t e  f r a g m e n t s ) ,  (Top: m i c r i t i c ,  c o a r s e 
g r a i n e d :  c o a t e d  b ry o z o a n -e c h in o d e rm  b i o s p a r 
i t e :  s u p e r f i c i a l  o o l i t e )  6.2
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S a n d s to n e ,  l i g h t  g ray  w i th  s p o t s  of  da rk  y e l 
lo w ish  o r a n g e ,  w e a th e r s  l i g h t  o l i v e  g ra y  '
C5 Y S/2)  , t h i n - b e d d e d ,  ev en-bedded ,  ( c a l 
c a r e o u s ,  l i m o n i t i c ,  m ed ium -gra ined  s a n d s t o n e ,  
w i t h  t r a c e  o f  g l a u c o n i t e ) , l e d g e - f o r m in g ,  
e x c e p t  u p p e r  2 f e e t  which  i s  s lo p e - fo r m in g  7 .5

Sandy l i m e s t o n e ,  l i g h t  g r e e n i s h  gray  (5 G 8 / 1 ) ,
w e a th e r s  l i g h t  o l i v e  g ray  (5 Y 6 /1)  , t h i n -  |
b edded ,  un even-bedded ,  w e a th e r s  crumbly,  (2 I
f e e t  above b a se :  m i c r i t i c ,  s a n d y ,  p o o r l y -  I
s o r t e d ,  f i n e - g r a i n e d  b ry ozo an -ech in od erm  b i o -  |
s p a r r u d i t e ) , C o m po s i ta , b ro k en  g o n i a t i t e s  5 .1  |

'I

I n t e r b e d d e d  s a n d s to n e s  and c o n g lo m e ra te s :  j
s a n d s t o n e ,  p a l e  y e l l o w i s h  brown, w e a th e r s  |
g r a y i s h  o range  p i n k  and medium g r a y ,  t h i n -  to  |
medium-bedded, c r o s s - b e d d e d ,  uneven-bedded ,  I
s u r f a c e s  u n d u l a t o r y ,  w i th  abundant  p l a n t  f o s -  !
s i l s  i n  b a s a l  3 f e e t ,  i n c l u d i n g  L e p id o d en d ro n , I
(Base:  m ed ium -gra ined ,  l im o n i t e - c e m e n t e d ,  w e l l -
s o r t e d  s a n d s t o n e ,  w i t h  c a r b o n iz e d  p l a n t  r e -  |
m a i n s ) , i n t e r b e d d e d  w i t h  c o n g lo m e ra te ,  o l i v e  |
g r a y  (5 Y 4 /1 )  w i t h  p e b b le s  g e n e r a l l y  moder-  i
a t e  brown (5 YR 3 /4 )  and v e ry  p a l e  o ra n g e ,  !
w e a th e r s  f a i r l y  u n i fo rm  d a rk  y e l l o w i s h  brown, 
t h i n - b e d d e d ,  l e n s i n g ,  ( lowermost  co ng lom era te  
bed :  f o s s i l i f e r o u s  l i m o n i t i c ;  p e b b le  c o n g lo 
m e r a te :  w i t h  m edium -gra ined  sand  m a t r i x  and I
p e b b le s  o f  mudstone,  p h o s p h a t e ,  burrowed mi- i
c r i t e ,  and b i o m i c r i t e ,  f o s s i l s  f r a g m e n ta ry  
and c o n s i s t  o f  ech inoderm  b ry o z o a n ,  and
b r a c h io p o d  f r a g m e n t s ) , two co ng lom era te  beds  |
a r e  p r e s e n t ,  one 3 f e e t  and th e  o t h e r  5 f e e t
above th e  ba se  o f  t h e  u n i t ,  P i tk in -M orro w  con- j
t a c t  n o t  exposed  b u t  p r o b a b ly  o ccurs  w i t h i n  I
U n i t  2 7 .8  i

Covered 12 .6  ;

P i t k i n  Form ation  |

L im es tone ,  medium g r a y ,  w e a th e r s  o l i v e  g ray  j
(5 Y 4 /1 )  and ve ry  l i g h t  g r a y , t h i n - b e d d e d ,  1
forms in c o n s p ic u o u s  l ed ge  n e a r  bo t tom  o f  h i l l  j
s l i g h t l y  above l e v e l  o f  s t r e a m  bed ,  c r o s s -  j
l a m i n a t e d ,  g r a i n - s i z e  i n c r e a s i n g  upward, (Top: i
f o s s i l i f e r o u s ,  p e l l e t - b e a r i n g ,  o o s p a r i t e ,  t e x -  |
t u r e  f i n e - g r a i n e d  a t  bo t tom  of  sam ple ,  medium- 1
g r a i n e d  a t  t o p ,  w i t h  ech inoderm  p la t e ; ;  and |
b r a c h io p o d  f r a g m e n t s ,  and some o f  o o l i t e s  b e in g  |
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r e p l a c e d  by l i m o n i t e ) ; b a se  n o t  exposed  3 .5

Measured S e c t i o n  12; G r e e n le a f  Lake S p i l lw ay

L o c a t io n :  N l / 2 ,  NWl/4, S E l /4 ,  Sec.  10, T. 13 N . , R. 20 E . , 
Muskogee County, Oklahoma.

Measured S e c t i o n  12 i s  s i t u a t e d  d i r e c t l y  below s p i l l w a y  

o f  G r e e n le a f  Lake.  The measured  s e c t i o n  ex ten d s  from p o i n t  

d i r e c t l y  below s p i l l w a y  t o  p o i n t  where G r e e n le a f  Creek makes 

a l a r g e  p o o l  a p p ro x im a te ly  200 y a rd s  downstream from th e  

s p i l l w a y .  U n i t s  1 to  7 a r e  exposed  a t  th e  downstream l o c a 

t i o n ,  u n i t s  8 t o  10 a r e  l o c a t e d  u ps t re am  n e a r  t h e  s p i l l w a y .  

U n i t s  1 t o  9 a r e  now in u n d a te d  by Webbers F a l l s  R e s e r v o i r .

See A p p e n d i x - f i g u r e .  S e c t i o n  measured  and d e s c r i b e d  by 

David A. K o t i l a ,  Sep tem ber ,  1963 and J u n e ,  1964.

UNIT DESCRIPTION THICKNESS (FEET)

Morrow Form at ion

10 L im es to n e ,  medium g r a y ,  w e a th e rs  l i g h t  o l i v e
g ray  (5 Y 6 /1)  , medium-bedded,  u n d u l a t o r y ,  
c o n t a i n s  sandy l a y e r  f u l l  o f  s o l i t a r y  ru go se  
c o r a l s  (Konickophyllum and o t h e r s ) , some beds 
e n c r u s t e d  w i t h  a lg a e  (C une iphycus) ; (2 .5  f e e t  
above b a s e :  f i n e  c a l c i r u d i t e : p o o r l y  washed 
b ry o zo a n -ec h in o d e rm  b i o s p a r r u d i t e  w i t h  g a s 
t r o p o d s ,  b r a c h i o p o d s ) ,  forms upperm ost  ledg es  
on s o u th  s i d e  o f  gorge  d i r e c t l y  n o r t h  o f  
p a r k i n g  a r e a ,  t h i c k n e s s  v a r i e s  due to  e roded  
upper  s u r f a c e ,  from 2.0  t o  4 .4  f e e t ,  av e rag e s  3.2

9 S h a le  and l im e s t o n e :  s h a l e ,  o l i v e  g ray  (5 Y
4 / 1 ) ,  w e a th e r s  d a rk  y e l l o w i s h  o r a n g e ,  d i s 
t o r t e d ,  t h i c k e n s  and t h i n s  r a p i d l y :  l im e s t o n e ,  
l i g h t  o l i v e  g ray  (5 Y 5 / 2 ) ,  w e a th e r s  g r a y i s h  
o r a n g e ,  v e r y  i r r e g u l a r l y - b e d d e d ,  r u b b l y ,  
f o s s i l i f e r o u s ,  (2 f e e t  below t o p :  w i th  C u n e i 
phycus , G i r v a n e l l a , and s c a t t e r e d  b ry o z o a n s ,  
ech inoderm  p l a t e s ,  and b r a c h io p o d  f r a g m e n t s ) ,  
l im e s t o n e s  where  l e s s  s h a l y  a p p ea rs  as a dense
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bu t  ru b b ly  rock  and o ccu rs  as top  bed i n  a r e a  
d i r e c t l y  below s p i l l w a y  [see  G re e n le a f  Lake 
S p i l lw a y  Map), t h i c k n e s s  h i g h l y  v a r i a b l e  from 
0 .6  to  5 .8  f e e t ,  ave rag e s  3 .5

L im es tone ,  medium g ray  and m ed iu m -l ig h t  g r a y ,  
w ea th e rs  l i g h t  o l i v e  g ray  [5 Y 5/2) , g r a y i s h  
o ra n g e ,  d a rk  y e l l o w i s h  o ra n g e ,  and p a l e  y e l 
lo w ish  brown, t h i n -  t o  medium-bedded,  ve ry  
i r r e g u l a r l y - b e d d e d ,  l o c a l l y  w e a th e rs  r u b b l y ,  
everywhere  e l s e  w e a th e r s  smooth b u t  i r r e g u l a r  
and u n d u l a t o r y ;  [Top: T.S.  724: medium to  . 
c o a r se  c a l c a r e n i t e :  p a r t l y  r e c r y s t a l l i z e d  
b i o m i c r i t e  w i th  a l g a l  b i o l i t h i t e  e n c r u s t a 
t i o n s  w i t h  C u ne iph y cu s , A rc h a e o l i th o p h y l lu m  
lamellpsum and A. m i s s o u r i e n s i s , G i r v a n e l l a , 
echinoderm p l a t e s  and s p i n e s ,' b ry o z o a n s ,  g a s 
t r o p o d s ,  b ra c h io p o d s  w i t h  w e l l - p r e s e r v e d  i n 
t e r n a l  p a r t s ,  t h i n  s e c t i o n  shows m i c r o s t y l o 
l i t e s  w i t h  m i c r o d i s p l a c e m e n t s ) : ve ry  f o s s i l i 
f e r o u s  and in c lu d e s  H u s t e d i a , P u n c t o s p i r i f e r , 
Com pos i ta , B e e c h e r i a , g a s t r o p o d s  E u c o n o s p i r a , 
A c l i s i n a , b i a s t o i d  P e n t r e m i t e s , s o l i t a r y  ru g ose  
c o r a l s ,  and M i c h e l i n i a ; forms uppermost  bed 
in  gorge  i n  most o f  up s t re am  p o r t i o n  o f  t h i s  
e x p o su re ,  t h i c k n e s s  e x t r e m e ly  v a r i a b l e  due to  
i r r e g u l a r  bedding  and s t r e a m  e r o s i o n  and 
ranges  from 1 .4  to  4 .0  f e e t ,  averages  3 .0

L im es tone ,  medium g r a y ,  w e a th e r s  l i g h t  o l i v e  
g ray  [5 Y 5 / 2 ) ,  p a l e  y e l l o w i s h  brown, and 
g r a y i s h  o ran g e ,  medium- to  t h i c k - b e d d e d ,  has  
s h a l e  l e n s e s  v a r y in g  from 0 .0  to  2 .4  f e e t  
t h i c k ,  where s h a l e  i s  a b s e n t  u n i t  ap p ea rs  as 
s i n g l e  m ass iv e  bed ,  where s h a l e  p r e s e n t ,  
appea rs  as t h r e e  d i s t i n c t  beds  w i th  u n d e r l y i n g
1 .5  f e e t  to  2 f e e t  s h a l e ,  [Top: f i n e  c a l c i r u 
d i t e ;  a l g a l - c o r a l - b r y o z o a n  b i o s p a r r u d i t e ,  w i t h  
M i c h e l i n i a , b ra c h io p o d  f r a g m e n t s ) ,  top  o f  u n i t  
c o n ta in s  sm a l l  a l g a l  mounds o r  nobs c o n s i s t i n g  
o f  a l g a l  b i o l i t h i t e  w i t h  A rc h a e o l i t h o p h y l lu m  
lamellosum and C u n e ip hy cu s ; v e ry  f o s s i l i f e r -  
ous w i t h  s o l i t a r y  ru g o se  c o r a l s ,  c r i n o i d s ,
M i c h e l i n i a ,  P e n t r e m i t e s , C om pos i ta , H u s t e d i a ,
t h i c k n e s s  v a r i a b l e  f rom 4 .0  to  7 .8  f e e t ,
av e rag es  5 .5

L im es tone ,  medium g r a y ,  w e a th e r s  l i g h t  o l i v e  
gray  [5 Y 5 / 2 ) ,  t h i n -  to  medium-bedded,  bedding  
i r r e g u l a r ,  r a p i d l y  t h i c k e n i n g  and t h i n n i n g  
l a t e r a l l y ,  i n d i v i d u a l  beds s e p a r a t e d  by t h i n
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l i g h t  o l i v e  g ray  (5 Y 6 /1 )  , s h a l e  o r  s h a l e
p a r t i n g  seldom t h i c k e r  th a n  2 i n c h e s ,  u n i t
o c c u rs  as topm ost  l e d g e  a t  downstream p o r t i o n
o f  e x p o su re  by deep p o o l ,  t h i c k n e s s  v a r i a b l e
from 2 ,0  to  3 .2  f e e t ,  a v e r a g e s  2 .6

L im e s to n e ,  o l i v e  g ra y  [5 Y 4 / 1 ) ,  w e a th e r s  p a l e  
y e l l o w i s h  brown, t h i n -  to  medium-bedded,  
f l a g g y  s p l i t t i n g ,  u p p e r  and lower s u r f a c e s  
b o t h  h i g h l y  u n d u l a t o r y ,  c l e a r  s e p a r a t i o n  from 
u n i t  6 i n  most  p l a c e s  b u t  l o c a l l y  g rad e s  u p 
w ard ,  i m p e r c e p t a b l y , i n t o  u n i t  6 and th e n  two 
u n i t s  form s i n g l e  m a s s iv e  bed  (Top: T .S .  A-117; 
f i n e  c a l c i r u d i t e :  a l g a l  b i o m i c r u d i t e - a l g a l  b i o 
l i t h i t e  t r a n s i t i o n ,  w i t h  A r c h a e o l i t h o p h y l lu m  
m i s s o u r i e n s i s , C u n e ip h y c u s , and b r y o z o a n s ) ,  
t h i c k n e s s  v a r i e s  1 .0  to  2 .7  f e e t ,  a v e ra g e s  1 .8

L im es tone  w i t h  s h a l e :  l i m e s t o n e ,  p a l e  y e l l o w 
i s h  brown, w e a th e r s  g r a y i s h  o r a n g e ,  medium- 
b e d d ed ,  u n d u l a t o r y ,  t h i c k e n s  and t h i n s  r a p i d l y ,  
has  sm a l l  humps o r  knobs o f  a l g a l  b i o l i t h i t e  
on u p p e r  s u r f a c e ,  forms p ro m in e n t  l e d g e  o v e r 
h a n g in g  u n i t  3 by s e v e r a l  f e e t  n e a r  th e  deep 
p o o l  (M iddle :  f i n e  c a l c i r u d i t e :  p a r t l y  r e c r y 
s t a l l i z e d ,  c o a t e d  b r y o z o a n - o s t r a c o d - e c h i n o d e r m  
b i o m i c r u d i t e ) ; s h a l e  l i g h t  o l i v e  g ray  and p a l e  
y e l l o w i s h  brown, t h i c k e n s  and t h i n s  r a p i d l y ,  
c o n t a i n s  t h i n ,  i r r e g u l a r  l im e s t o n e  s t r i n g e r s ,  
t h i c k n e s s  v a r i e s  1 .2  t o  2 . 8 ,  a v e ra g e s  2 .0

S h a l e ,  o l i v e  g ray  (5 Y 4 / 1 ) ,  w e a th e r s  g r a y i s h
o ran g e  and p a l e  y e l l o w i s h  brown, c a l c a r e o u s ,  
v e r y  f o s s i l i f e r o u s ,  w i t h  abundan t  P e n t r e m i t e s , 
has  i r r e g u l a r ,  t h i n  d i s c o n t i n u o u s  l im e s t o n e  
s t r i n g e r s ,  t h i c k n e s s  v a r i e s  0 .2  t o  1 .4  f e e t ,  
a v e ra g e s  0 .8

L im e s to n e ,  d a rk  y e l l o w i s h  o range  and g r a y i s h  
o r a n g e ,  w e a th e r s  p a l e  y e l l o w i s h  brown, t h i n -  
b e d d ed ,  f l a g g y  t o  p l a t y  s p l i t t i n g ,  u n d u l a t o r y ,  
c r i n o i d a l ,  t h i c k e n s  and t h i n s  r a p i d l y ,  (Top: 
f i n e  c a l c i r u d i t e :  s l i g h t l y  s a n d y ,  s l i g h t l y  
s i d e r i t i c ,  g a s t r o p o d - c r i n o i d . b i o m i c r u d i t e ,  
w i t h  a l g a l  p l a t e s ,  b r y o z o a n s ,  b ra c h io p o d  
f r a g m e n t s ,  and ab o u t  5% q u a r t z  sa n d ,  2% 
l i m o n i t e - s t a i n e d  s i d e r i t e ) , H u s t e d i a , Com
p o s i t a , t h i c k n e s s  v a r i a b l e  from 1 .2  t o  2 .2  
f e e t ,  a v e ra g e s  1*5

L im es to n e ,  l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  wea
t h e r s  d a r k  y e l l o w i s h  o r a n g e ,  on ly  to p  i s
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e x p o sed ,  v e ry  i r r e g u l a r  u p p e r  s u r f a c e ,  (Top: 
medium to  c o a r s e  c a l c a r e n i t e :  p o o r l y  washed,  
o s t r a c o d e - g a s t r o p o d  b i o s p a r i t e ,  w i th  r e c r y 
s t a l l i z e d  a l g a l  p l a t e s ,  b r a c h io p o d  f r a g m e n t s ,  
b r y o z o a n s ,  echinoderm p l a t e s ,  e s p e c i a l l y  
c r i n o i d ) ,  o ccu rs  j u s t  above w a t e r  l e v e l  o f  
deep p o o l  a t  th e  downstream p o r t i o n  o f  e xpo
s u r e ,  t h i c k n e s s  i n d e t e r m i n a b l e ,  b u t  minimum 
o f  1 .5

Measured S e c t i o n  13 and Measured S e c t i o n  M 42 ( S u t h e r l a n d  
and Haugh) Big G r e e n le a f  Creek

L o c a t i o n :  S E l /4 ,  S E l /4 ,  NWl/4, Sec.  10,  T. 13 N . , R. 20 E . ,
Muskogee County,  Oklahoma.

M easured  S e c t i o n  13 i s  l o c a t e d  n o r t h e a s t  of  S t a t e  H igh 

way 10 ,  on n o r t h  s i d e  o f  Big G r e e n le a f  Creek.  S e c t i o n  . i s  

exposed  a lo n g  th e  u n d e rc u t  bank from o l d  b r i d g e  on Highway 

10 t o  p o i n t  abou t  50 y a rd s  u p s t r e a m  from b r i d g e .  S e c t i o n  

m easured  and d e s c r i b e d  by David A. K o t i l a ,  A p r i l ,  1965.

The m o d i f i c a t i o n  and a d d i t i o n  by S u t h e r l a n d  and Haugh 

(1968) r e s u l t i n g  i n  Measured S e c t i o n  M 42 b e g in s  w i t h  U n i t  7 

and e x te n d s  t o  t h e  Atoka F o rm a t io n ,  U n i t  26. The o r i g i n a l  

U n i t s  8 t o  11 have been d e s t r o y e d  by b u l l d o z i n g  and th e  lower  

u n i t s  a r e  i n u n d a t e d .  U n i t s  8 t o  26 a r e  measured  i n  a n o r t h 

e r l y  d i r e c t i o n  up to  the  b l u f f s  to  n o r t h  o f  o l d  d i r t  ro ad  

l e a d i n g  o u t  on to  top  o f  dam. S e v e r a l  e a s tw a r d  o f f s e t s  on 

t h e  b l u f f  s i d e  were made i n  t h e  measurement.

UNIT DESCRIPTION THICKNESS (FEET)

Atoka Form ation

26 S a n d s to n e ,  forms c l i f f  i n  p l a c e  above
c o v ered  zone n o t

measured
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Morrow Form ation

25 Covered w i t h  s h a l e  and Atoka s a n d s to n e  slump
b l o c k s ,  app rox im ate  t h i c k n e s s  26

24 S h a l e ,  w e a th e r s  l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,
exposed  as r u b b le  on s l o p e  above a l g a l  l im e 
s t o n e  c l i f f ,  app rox im a te  t h i c k n e s s  6

23 L im es to n e ,  medium l i g h t  g ray  [N 5 ) ,  w e a th e rs
l i g h t  b rownish  g ray  (5 YR 6 / 1 ) ,  medium c a l 
c i l u t i t e ,  one t h i c k  b e d ,  even-bedded  and con
t i n u o u s ,  w e a th e r s  i r r e g u l a r  and rough ,  b e 
comes i r r e g u l a r l y  p l a t y  due to  p o s s i b l e  a l g a l  
development  a t  the  t o p ,  forms top u n i t  i n  th e  
c l i f f ,  lower  c o n t a c t  s l i g h t l y  i r r e g u l a r  and 
w e a th e r s  d e e p ly  r e c e s s e d ,  t h i c k n e s s  v a r i e s  
from 2 .5 - 3

22 L im es to n e ,  medium g ray  (N 5 ) ,  w e a th e rs  da rk
y e l l o w i s h  brown (10 YR 5 / 4 ) ,  v e ry  f i n e  c a l 
c a r e n i t e ,  t h i n -  to  medium-bedded, i r r e g u l a r l y -  
bedded ,  n o d u l a r  and r u b b ly  a p p e a r i n g ,  w e a th e rs  
rou g h ,  forms m idd le  u n i t  i n  c l i f f ,  upper  con
t a c t  i r r e g u l a r  and u n d u l a t o r y  3 .5 -5

Remarks: U n i t  o f  3 i r r e g u l a r  beds which
l o c a l l y  ap p ea r  t h i n  and e l s ew h e re  a re  
i n d i s t i n c t ,  t h i c k n e s s  v a r i e s .

21 L im es to n e ,  medium l i g h t  g ray  (N 6 ) ,  t o  moder
a t e  y e l l o w i s h  brown (10 YR 4 / 2 ) ,  w e a th e r s  
d a rk  y e l l o w i s h  brown (10 YR 4 / 2 ) ,  t o  l i g h t  
brown (5 YR 6 / 4 ) ,  v e r y  f i n e  c a l c a r e n i t e ,  
medium- t o  t h i c k - b e d d e d  a l t e r n a t i n g  w i th  t h i n -  
bedded s h a l y  l i m e s t o n e s ,  w e a th e r s  d eep ly  r e 
c e s s e d ,  e ven -bedd ed ,  a l t h o u g h  w e a th e r in g  g iv e s  
an uneven i m p r e s s i o n ,  one t h i c k  bed i n  middle  
o f  u n i t  w e a th e r s  n o d u l a r ,  forms p a r t  o f  a 
c l i f f  capped by o v e r l y i n g  two u n i t s ,  upper  
c o n t a c t  u n d u l a t o r y  and i r r e g u l a r ,  bot tom  con
t a c t  c o v e red  14

Remarks: The m idd le  bed o f  u n i t  appears
a l g a l .

0 C overed ,  measured d i a g o n a l l y  up th e  h i l l s i d e  
i n  an e a s tw a r d  d i r e c t i o n  to  b a se  o f  h igh  
l im e s to n e  c l i f f ,  app ro x im a te  t h i c k n e s s  15

Remarks: S e c t i o n  i s  o f f s e t  e as tw a rd
a p p ro x im a te ly  80 f e e t  t o  t h e  c l i f f .
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19 Sha le  and l im e s to n e :  s h a l e ,  l i g h t  o l i v e  g ray

C5 Y 6 / 1 ) ,  w i t h  sm a l l  a l g a l  l im e s t o n e ,  medium 
g ra y  [N 5 ) ,  w e a th e r s  l i g h t  o l i v e  g ray  (5 Y 
5 / 2 ) ,  c o a r s e  c a l c a r e n i t e ,  t h i n -  to  medium- 
bedded ,  wedging a t  b a se  o f  u n i t ,  f i l l i n g  in  
d e p r e s s io n s  on upper  s u r f a c e  o f  U n i t  18, wea
t h e r s  i r r e g u l a r  and p i t t e d ,  forms upper  p a r t  
o f  c l i f f  w i th  U n i t  18, b a s a l  c o n t a c t  i r r e g u 
l a r ,  l im e s to n e  wedges 0 to  1 f o o t  t h i c k  and 
c o n t a i n  a l g a l  p e l l e t s ,  o n c o l i t h s ,  s h a l e  e x 
p o sed  on ly  3 f e e t  w i t h  c e r t a i n t y ,  exposed 
t h i c k n e s s  3

18 L im es to ne ,  medium g ray  (N 5 ) ,  w e a th e r s  dusky
y e l l o w i s h  g re e n  (5 GY 5 / 2 ) ,  t o  g r a y i s h  g ree n  
(10 GY 5 / 2 ) ,  f i n e  c a l c a r e n i t e ,  w i t h  c r i n o i d  
f r a g m e n t s ,  one t h i c k  bed i r r e g u l a r l y - b e d d e d ,  
w e a th e r s  smooth, forms o ve rhang ing  c l i f f ,  
b a s a l  c o n t a c t  u n d u l a t o r y ,  measured  t h i c k n e s s  
v a r i e s  2 - 2 .5

Remarks: The c r i n o i d a l  l im e s to n e  a t
ba se  becomes f i n e  g r a i n e d  and a l g a l  
upward. The s e c t i o n  i s  o f f s e t  a p p r o x i 
m a te ly  90 f e e t  e a s tw a rd  a long  top  of  
18 to  where U n i t  19 i s  m easured .

17 Sha le  and l im e s t o n e :  s h a l e ,  medium da rk  gray  
(N 4 ) ,  w e a th e rs  l i g h t  o l i v e  g r a y  (5 Y 6 /1 )  
l i m e s t o n e ,  t h i n - b e d d e d ,  l e n s i n g  and i r r e g u 
l a r l y - b e d d e d ,  s h a l e  forms r e c e s s e d  s lo p e  e x 
c e p t  f o r  middle  l im e s to n e  bed ,  t h i c k n e s s  
v a r i a b l e  due to  change i n  t h i c k n e s s  o f  top  and 
bo t tom  s h a l e s  3-4

16 L im es tone ,  medium g ray  (N 5 ) ,  w e a th e r s  l i g h t
o l i v e  g ra y  (5 Y 5 / 2 ) ,  t o  o l i v e  g ray  (5 Y 3 / 2 ) ,  
f i n e  c a l c i r u d i t e ,  c r i n o i d a l ,  l i m o n i t e  s t a i n 
i n g ,  ap p ea rs  t h i c k - b e d d e d  i n  p l a c e s ,  t h i n  i n  
o t h e r s  depending  on w e a t h e r i n g ,  h i g h l y  i r r e g u 
l a r ,  c ro s s - b e d d e d  and wedging ,  w e a th e rs  c rum bly ,  
c l i f f  fo rm in g ,  lower  c o n t a c t  i s  g r a d a t i o n a l  
w i t h  U n i t  15,  U n i t  16 t h i c k e n s  as U ni t  15 t h i n s ,  
t h i c k n e s s  1 -4 .5

Remarks: S e c t i o n  i s  o f f s e t  70 f e e t  e a s t
to  where u n i t  17 i s  exposed.

15 Sha le  and l im e s to n e :  s h a l e ,  w e a th e r s  y e l l o w i s h
g ray  (5 Y 7 / 2 ) ,  c a l c a r e o u s ,  and r e c e s s e d  b e 
tween th e  l im e s t o n e ;  l i m e s t o n e ,  medium gray
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(N 5 ) ,  and l i g h t  o l i v e  g ray  [5 Y 5 / 2 ) ,  wea
t h e r s  l i g h t  o l i v e  g ray  (5 Y 5 / 2 ) ,  medium c a l 
c a r e n i t e ,  c r i n o i d a l ,  t h i n - b e d d e d ,  wavy to  
n o d u l a r  l a y e r s ,  i n t e r b e d d e d  w i t h  s h a l e ,  u n i t  
i s  r e c e s s e d  u nder  t h e  ove rh an g in g  c l i f f  o f  
U n i t  16, u ppe r  c o n t a c t  g r a d a t i o n a l  w i t h  U n i t  
16,  lower  c o n t a c t  c o v e re d ,  u n i t  wedges l a t e r 
a l l y  as a r e s u l t  o f  t h i c k e n i n g  and t h i n n i n g  
o f  o v e r l y i n g  u n i t ,  t h i c k n e s s  1 . 5 - 2 . 5

14 L im es to n e ,  medium g ray  (N 5 ) ,  to  l i g h t  o l i v e  
g ra y  (,5 Y 5 / 2 ) ,  w e a th e r s  m odera te  o l i v e  
brown, (5 Y 4 / 4 ) ,  t o  g r a y i s h  o l i v e  (10 Y 4 / 2 ) ,  
c r i n o i d a l ,  medium-bedded, i r r e g u l a r l y - b e d d e d ,  
h a r d ,  w e a th e r s  i r r e g u l a r  and p i t t e d ,  forms 
lower  p a r t  o f  c l i f f  on n o r t h  s i d e  o f  ro a d ,  
lower  c o n t a c t  c o v e re d ,  u p p e r  c o n t a c t  even ,  
t h i c k n e s s  4 .5

Note :  S e c t i o n  i s  o f f s e t  a p p ro x im a te ly
260 f e e t  e a s t  a long  top  o f  u n i t  16, u s in g  
i t  as a datum. U n i t s  13 and lower a re  
co v e red  a t  new l o c a l i t y  and new u n i t s  b e 
g i n  w i t h  u n i t  14 which i s  t h e  lo w e s t  e x 
p o s u r e  i n  a c l i f f  on n o r t h  s i d e  o f  road .
At l o c a l i t y  where  u n i t  13 i s  exposed  i t  
i s  o v e r l a i n  by a 5 f o o t  cov e red  i n t e r v a l  
and th e n  by a 5 f o o t  l im e s to n e  which can 
be t r a c e d  a long  h i l l  t o  to p  o f  u n i t  16 i n  
c l i f f .  The c o v e red  5 f o o t  i n t e r v a l  and 
t h e  5 f o o t  l im e s t o n e  above u n i t  13 a re  
e q u a l  i n  t h i c k n e s s  t o  u n i t s  14,  15 and 16 
a t  new l o c a t i o n ,  t h e r e f o r e  no cov ered  i n 
t e r v a l  i s  i n c l u d e d  i n  be tween  13 a t  f i r s t  
l o c a l i t y  and u n i t  14 a t  new l o c a l i t y .

13 S h a le  and l i m e s t o n e :  s h a l e ,  w e a th e r s  b u f f  g ray
and f r i a b l e ,  i n t e r b e d d e d  w i t h  l im e s to n e  n o d u le s  
a p p ro x im a te ly  1/2 to  1 i n c h  t h i c k  i s  d i s c o n 
t in u o u s  l a y e r s  i n  lower  1 f o o t  o f  u n i t ,  t h e s e  
become s p a r s e  in  upper  p a r t  o f  u n i t  and a re  
s i m i l a r  l i t h o l o g i c a l l y  to  u n d e r l y i n g  l i m e s t o n e ,  
forms a p o o r l y  exposed  s l o p e  w i t h  n o d u le s  wea
t h e r i n g  o u t  on s u r f a c e ,  b e s t  exposed in  s m a l l  
g u l l e y  on n o r t h  s i d e  o f  r o a d ,  uppe r  c o n t a c t  
c o v e r e d ,  a p p ro x im a te  t h i c l n e s s  2

12 L im es to n e ,  medium d a rk  g ray  (N 4 ) ,  w e a th e rs
y e l l o w i s h  g ra y  (5 Y 7 / 2 ) ,  t o  dusky y e l lo w  (5 
Y 6 / 4 ) ,  medium c a l c i l u t i t e ,  t h i n - b e d d e d ,  nod u 
l a r ,  h a r d ,  b r i t t l e  t h i n  s h a l e  lam inae  be tween
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b e d s ,  w e a th e r s  to  n o d u l a r  s l a b s  forming 
p o o r l y  exposed  r u b b ly  s l o p e ,  b e s t  exposed 
as number o f  s m a l l  l im e s t o n e  l e d g e s  on s u r 
f a c e  o f  r o a d ,  bo t tom  c o n t a c t  c o v e re d ,  t o p ,  
g ra d e s  i n t o  s h a l e  w i t h  l im e s t o n e  n o d u l e s ,  
t h i c k n e s s  2 . 4

11 Covered,  app rox im ate  t h i c k n e s s  3 .5

lOB L im es to n e ,  medium l i g h t  g ray  (N 6 ) ,  and l i g h t
o l i v e  g ray  (5 Y 5 / 2 ) ,  w e a t h e r s  b row nish  g ray  
(5 YR 6 / 1 ) ,  t o  b row nish  g ra y  Ç5 YR 4 /1 )  , f i n e  
c a l c i r u d i t e ,  w i th  l a r g e  c r i n o i d a l  f r a g m e n ts ,  
medium-bedded i n  p o o r l y  exposed  b lo c k s  a t  
b a s e ,  h a r d ,  w e a th e r s  smooth on lower  s u r f a c e s ,  
p o o r l y  exposed  as l e d g e s  and s l i g h t l y  slumped 
b lo c k s  on r o a d ,  b o t h  c o n t a c t s  c o v e r e d ,  ex 
posed  t h i c k n e s s  4 .5

Remarks: S l i g h t l y  d i s p l a c e d  b lo c k  on
e a s t  s i d e  o f  c r e e k  j u s t  be low d i r t  road
may be from same u n i t .

4-9B Covered ,  a p p ro x im a te ly  e q u i v a l e n t  t o ,  and
e q u a l  i n  t h i c k n e s s  t o  u n i t s  4-9 a t  t h e  main 
s e c t i o n  A, app rox im a te  t h i c k n e s s  22

1-3B L im es to ne ,  medium g ray  [N 5 ) ,  w e a th e r s  l i g h t
b row nish  g ray  (5 YR 6 / 1 ) ,  medium c a l c i l u t i t e ,  
s p a r s e  y e l lo w  l i m o n i t e  p i t s ,  medium-bedded, 
ev en -b ed d e d ,  h a r d ,  w e a th e r s  smooth and j o i n t e d  
on u p pe r  s u r f a c e s ,  exposed  o n ly  as t h r e e  low 
benches  i n  lower  p a r t  o f  w ash ,  b o th  c o n t a c t s  
c o v e re d ,  exposed  t h i c k n e s s  5

Remarks: The u n i t  h a s  t h e  same d a rk  and
t e x t u r a l  c h a r a c t e r  as u n i t s  1-3  a t  t h e
b r i d g e .

10 L im es to n e ,  medium-bedded, bedd in g  r e g u l a r i t y
o b sc u re d  by w e a t h e r i n g ,  h a r d ,  p o s s i b l y  c r o s s 
b edded ,  w e a th e r s  ro u g h ,  rounded  s u r f a c e ,  forms 
s e v e r a l  l ed g e s  above s h a l e  and c o v e re d  i n t e r 
v a l  be low ,  b o th  c o n t a c t s  c o v e re d ,  exposed 
t h i c k n e s s  5 - 5 .5

Remarks: Upper s u r f a c e  becomes a l g a l  i n
c h a r a c t e r  w i t h  p o s s i b l e  s m a l l  a l g a l  mound 
a t  t o p .  S e c t i o n  i s  o f f s e t  e a s tw a r d  abou t  
260 f e e t  t o  lower  p a r t  o f  n e x t  wash.

9 C overed ,  t h i c k n e s s  2
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S h a le ,  o l i v e  g r e e n ,  low er  3 f e e t  s l i g h t l y  
m icaceous and s i l t y ,  b r i t t l e  and p l a t y ,  wea
t h e r s  t o  l a r g e  p l a t e s  up to  6  i n c h e s  a c r o s s  
on a s h a l e - c o v e r e d  s l o p e ,  u pper  s h a l e  wea
t h e r s  g r a y i s h  g r e e n ,  n o t  i n  l a r g e  p l a t e s ,  
forms a w e l l  exposed  s h a l y  s l o p e ,  b e s t  e x 
posed  i n  a l a r g e  l e n s e - l i k e  t r o u g h  a p p r o x i 
m a te ly  40 f e e t  a c r o s s ,  lower  c o n t a c t  s h a r p ,  
t h i c k n e s s  v a r i e s  from 3-7

L im es tone ,  medium g r a y ,  w e a th e r s  g r a y i s h  
o r a n g e ,  t h i n -  and i r r e g u l a r l y - b e d d e d ,  wea
t h e r s  r u b b l y ,  a l g a l , c r i n o i d a l  l e n s e s ,  ( 2  

f e e t  above b a s e :  T .S .  A-105,  A-126,  A-128,
A-129: m i c r i t i c  a l g a l  b i o l i t h i t e  and b iom i-  
c r u d i t e s  w i t h  A r c h a e o l i t h o p h y l l u m , C u n e ip h y c u s , 
w i th  some s e l e c t i v e  r e p la c e m e n t  o f  m i c r i t e  by 
a n h e d r a l  and e u h e d r a l  s i d e r i t e } ,  u pp e r  s u r f a c e  
o f  u n i t  h i g h l y  i r r e g u l a r  and t h i c k n e s s  v a r i e s  
g r e a t l y  from 3 .0  t o  7 .5  f e e t  ( t h i c k e s t  n e a r  
b r i d g e ) ,  a v e rag e s  5 .5

L im es to n e ,  medium l i g h t  g r a y ,  w e a th e r s  dusky 
y e l lo w  g r e e n ,  c r i n o i d a l ,  l e n s i n g ,  t h i n - b e d d e d ,  
f l a g g y  t o  p l a t y  s p l i t t i n g ,  ( 1  f o o t  above b a s e :  
f i n e  c a l c i r u d i t e :  c r i n o i d a l  b i o m i c r u d i t e , w i t h  
b ryozoans  and b r a c h i o p o d s ) , v e r y  f o s s i l i f e r o u s , 
w i th  s o l i t a r y  c o r a l s ,  M i c h e l i n i a , u pp e r  s u r 
f a c e  o f  u n i t  c o a t e d  w i t h  a lg a e  v a ry in g  i n  t h i c k 
ne ss  from 0  to  8  t o  1 0  i n c h e s ,  l en d in g  i r r e g u 
l a r i t y  to  u n i t ,  l e d g e - f o r m i n g ,  t h i c k n e s s  
a v e ra g e s  4 .5

S h a le ,  m odera te  y e l l o w i s h  brown, w e a th e r s  g r a y 
i s h  o r a n g e ,  c a l c a r e o u s ,  f o s s i l i f e r o u s ,  w i th  
b r y o z o a n s ,  c ru s h e d  b r a c h i o p o d s ,  o t h e r  b roken  
d e b r i s ,  t h i c k n e s s  r a n g e s  0 . 2  t o  0 . 8  f e e t ,  
a v e rag e s  0 .5

L im es to n e ,  medium l i g h t  g r a y ,  w e a th e r s  g r a y 
i s h  o r a n g e ,  t h i n -  and i r r e g u l a r - b e d d e d ,  u pper  
s u r f a c e  ve ry  i r r e g u l a r  and w e l l s - u p  o r  mounds- 
up l o c a l l y ,  (3 f e e t  above b a s e :  m i c r i t i c  b ry o -  
zoan and a l g a l  b i o l i t h i t e - b i o m i c r u d i t e  t r a n s i 
t i o n ,  w i t h  A r c h a e o l i t h o p h y l l u m , C u n e ip h y c u s , 
and f e n e s t e l l i d  b r y o z o a n s ) , v e ry  f o s s i l i f e r 
o u s ,  e s p e c i a l l y  i n  lower  h a l f  which i s  v e ry  
r i c h  i n  b l a s t o i d s ,  t h i c k n e s s  v a r i e s  w id e ly  
from 1 .9  t o  5 .6  f e e t ,  average  3 .5

Remarks : T h is  u n i t  can be t r a c e d  th e  en-
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t i r e  l e n g t h  o f  o u tc ro p  from t h e  b r id g e  
n o r th w a rd .

3 L im es to n e ,  medium g r a y ,  w e a th e r s  to  p a l e  y e l 
l o w is h  brown, t h i n - b e d d e d ,  somewhat a r g i l l a c 
e o u s ,  crop: m i c r i t i c  a l g a l  b i o l i t h i t e  w i t h  
Cune iphycus) , 1 .2

2 L im es to n e ,  medium g r a y ,  w e a th e r s  l i g h t  o l i v e
g ray  (5 Y 6 / 1 ) ,  and g r a y i s h  o range  p i n k ,  t h i n -  
bed ded ,  upper  s u r f a c e  a l g a l  (C une iphycus) and 
g iv e s  u pper  s u r f a c e  somewhat i r r e g u l a r  a p p e a r 
ance ,  ( 1  f o o t  above b a s e :  c o a r s e  c a l c a r e n i t e :  
m i c r i t i c  b ryozoan  b i o s p a r i t e ,  w i t h  a l g a l  p l a t e s ,  
ech inoderm  p l a t e s ) ,  (Top: T .S .  A-111: i n t e r 
f i n g e r i n g  a l g a l  b i o l i t h i t e  and b r y o z o a n - a l g a l  
b i o m i c r u d i t e ,  w i t h  C un e ip h ycus , f ragm en ted  
A rc h a e o l i t h o p h y l lu m  m i s s o u r i e n s i s , G i r v a n e l l a ) , 
l e d g e - f o rm in g  1 .4

1 L im es ton e ,  medium g r a y ,  w e a th e r s  medium l i g h t
g r a y ,  and g r a y i s h  r e d  (10 R 4 / 2 ) ,  even -bedded ,  
medium-bedded, b a se  n o t  exposed  (Top: medium 
c a l c a r e n i t e :  m i c r i t i c  b ryozoan  b i o s p a r i t e ,  
w i t h  abundant  b roken  and ab ra d ed  f o s s i l  d e b r i s ,  
e s p e c i a l l y  echinoderm p l a t e s  and whole f o r a m i n i -  
f e r s ) ; w e a th e rs  smooth,  l e d g e - f o r m i n g , abou t
1 .5  f e e t  exposed a d j a c e n t  to  b r i d g e ,  b u t  abou t  
4 f e e t  i s  exposed abou t  50 y a rd s  e a s tw a r d ,  
a v e ra g e s  3 .0

Measured  S e c t i o n  14: Abandoned Keough Quarry

L o c a t i o n :  NWl/4, NWl/4, Sec. 36, T. 16 N . , R. 19 E . ,
Cherokee County ,  Oklahoma.

Measured s e c t i o n  14 i s  s i t u a t e d  i n  p a r t  o f  abandoned 

q u a r r y ,  and a long  o ld  roadway a d j a c e n t  to  q u a r r y .  The q u a r r y  

i s  s i t u a t e d  on e a s t  s i d e  o f  S t a t e  Highway 81 be tw een  F. Gibson 

Dam and to \m o f  F t .  G ibson ,  and abou t  1 m i le  s o u t h  o f  p r e s e n t

mining  o p e r a t i o n s  o f  A rko la  Limestone  Company. U n i t s  1-5 a re

exposed  be tween  c l i f f  s i d e  and o l d  r a i l r o a d  t r a c k  a d j a c e n t  to  

q u a r r y ;  u n i t s  5 - 6  a re  exposed on w e s t  and n o r t h  f a c e  o f  q u a r r y

i t s e l f ,  and u n i t s  6-16 a re  exposed  on e a s t  s i d e  o f  fo rm er
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c o u rs e  o f  Rt .  81,  j u s t  s o u th  o f  q u a r r y .  ( P r e s e n t  c o u r s e  and 

fo rm er  c o u rs e  of  Rt .  81 i n t e r s e c t  a t  a p o i n t  im m e d ia te ly  

s o u th w e s t  o f  q u a r r y ) .  S e c t i o n  measured  and d e s c r i b e d  by 

David A. K o t i l a  i n  J u l y ,  1963,  and r e v i s e d  in  May, 1964.

UNIT DESCRIPTION THICKNESS (FEET)

Atoka Form ation

16 S a n d s to n e ,  p a l e  y e l l o w i s h  brow n,  w e a th e rs  
m odera te  y e l l o w i s h  brown, m ed ium -gra ined ,  
forms subdued l e d g e ,  n o t  w e l l - e x p o s e d  n o t

m easured

Morrow Form ation

15 Covered i n t e r v a l ,  app ea rs  to  be c o n t i n u a t i o n  
o f  u n i t  14, e x a c t  t h i c k n e s s  d i f f i c u l t  to  
d e te rm in e  due t o  v a r i a t i o n  i n  exposu re  o f  
u n i t ' 14, b u t  app rox im ate  t h i c k n e s s  i s  12 .0

Remarks : The Morrow-Atoka c o n t a c t  i s
n o t  exposed  a t  t h i s  s e c t i o n ,  b u t  may be 
examined by w a lk ing  a long u p p e r  led g e s  
n o r t h  o f  q u a r r y .  Even h e r e ,  however ,  i t  
i s  n o t  w e l l - e x p o s e d  due to  s lumping o f  
l a r g e  s a n d s to n e  b lo c k s  from above.  Where 
exposed  i t  c o n s i s t s  o f  s l i g h t l y  c o n g lo 
m e r a t i c ,  m ed ium -gra ined ,  l i m o n i t i c  s a n d 
s to n e  r e s t i n g  on s i l t y  b l a c k i s h  s h a l e  
(very  s i m i l a r  t o  t h a t  i n  measured  s e c t i o n  
24) which i s  t y p i c a l l y  so f a r  u n d e rc u t  
t h a t  a f r e s h  sample i s  e s s e n t i a l l y  impos
s i b l e  t o  c o l l e c t .

14 S h a le ,  medium da rk  g ra y  w e a th e r s  l i g h t  o l i v e
g r a y ,  some i r o n s t o n e  c o n c r e t i o n s ,  exposed  
t h i c k n e s s  12 .5

13 L im es to n e ,  medium g ray  and l i g h t  b rownish
g r a y ,  w e a th e r s  l i g h t  o l i v e  g ray  (5 Y 5 / 2 ) ,  
g r a y i s h  o r a n g e ,  and m odera te  o range  p i n k ,  
t h i n -  to  medium-bedded, c o n g l o m e r a t i c - a p p e a r -  
in g  a t  t o p ,  m idd le  5 to  6  f e e t  m o s t ly  c o v e r e d ,
(Base:  f i n e  c a l c i r u d i t e :  t i g h t l y - p a c k e d ,  b r y o 
zoan b i o m i c r u d i t e ,  w i t h  e c h in o d e rm s , t a b u l a t e  
and ru g o se  c o r a l s ,  b r a c h i o p o d s ,  O s a g ia ) , (Top:
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f i n e  t o  medium c a l c i r u d i t e :  c o n g lo m e r a t i c ,  
s a n d y ,  O s a g i a - c o a t e d  b i o s p a r r u d i t e ) , i n t e r 
bedded w i t h  s h a l e s ,  d a rk  g r a y ,  w e a th e r in g  t o  
l i g h t  o l i v e  g ray  1 1 . 1

Remarks:  A lg a l  o n c o l i t h s  o c cu r  a t  ve ry
to p  o f  u n i t .

12 L im es ton e ,  l i g h t  o l i v e  g ray  (.5 Y 6 / 1 ) ,  wea
t h e r s  d a rk  y e l l o w i s h  brown and g r a y i s h  o r a n g e ,
medium-bedded, uneven top and b o t to m ,  (Base:  
f i n e  c a l c i r u d i t e :  p h o s p h a t e - p e b b l e - b e a r i n g  
b ry o zo a n -ec h in o d e rm  b i o m i c r u d i t e ,  w i t h  t a b u 
l a t e  c o r a l s ,  O s a g ia ) , forms p ro m in e n t  l ed g e  4 .2

Remarks:  U n i t  i s  p o o r l y  exposed  on h i l l 
s i d e  above and n o r t h  o f  abandoned q u a r r y ,  
where  i t  i s  h i g h e s t  exposed r o c k ,  and 
c o n s i s t s  o f  s e r i e s  o f  s l i g h t  l e d g e s .

11 L im estone  and s h a l e :  l im e s t o n e ,  medium g ray  and
o l i v e  g ra y  (5 Y 4 / 1 ) ,  w e a th e rs  g r a y i s h  o r a n g e ,
t h i n -  to  v e r y  t h in - b e d d e d ,  i r r e g u l a r  and r u b b l y ,
( 6  f e e t  above b a s e :  f i n e  c a l c i r u d i t e :  s l i g h t l y  
d o l o m i t i c ,  b r a c h io p o d - b ry o z o a n  b i o m i c r u d i t e ) ,
( 1 0  f e e t  above b a s e :  s p a r s e  b ryo zoan  b i o m i c r i t e  
w i t h  some s c a t t e r e d  echinoderm p l a t e s ,  p l a t y  
a lg a e  ( r e c r y s t a l l i z e d  A r c h a e o l i t h o p h y l lu m ) , 
and b r a c h i o p o d s ) , (Top: T.S.  K-11: r e c r y s t a l - 
l i z e d  a l g a l  b i o s p a r i t e  w i th  f r a g m e n te d  C un e i - 
phycus and s h r i n k a g e  c r a c k s ) , mudcracks p r e s e n t  
on u pper  s u r f a c e  o f  some beds 1  t o  2  f e e t  b e 
low top  o f  u n i t ,  f o s s i l s  i n c l u d e  M i c h e l i n i a , 
D e l o c r i n u s , E u p a c h y e r i n u s , C la d o c h o n u s , s o T i -  
t a r y  rug o se  c o r a l s ,  numerous b r a c h i o p o d s , e s 
p e c i a l l y  Composita  and p r o d u c t i d s  w i t h  n e a r l y  
a l l  f o s s i l s  b e a r i n g  t h i c k  c o a t in g  o f  O sag ia  11 .9

Remarks: L o c a l l y  a long  u pper  s u r f a c e s
o f  upperm ost  beds i n  u n i t ,  a lg a e  a c t u a l l y  
form a t h r e e - d i m e n s i o n a l  ne tw ork  which 
s e r v e  as framework f o r  e n t r a p p i n g  s e d i 
ment ( m i c r i t e )  and i n  such p l a c e s  ro c k  i s  
a c t u a l l y  an a l g a l  b i o l i t h i t e  w i th  C u n e i 
phycus s e r v i n g  as t h e  frame b u i l d e r .

E q u i v a l e n t  s e c t i o n  up. h i l l s i d e  above and 
n o r t h  o f  q u a r r y  c o n s i s t s  o f  b ra c h io p o d  
b i o m i c r i t e s  and s p a r s e  m i c r i t e s  w i t h  some 
p l a t y  a l g a e ,  c o n s i s t s  of  subdued l e d g e s  
w i th  abundan t  p r o d u c t i d s .
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10 L im es to n e ,  p a l e  y e l l o w i s h  brown and l i g h t  

b ro w n ish  g r a y ,  w e a th e r s  g r a y i s h  o range  and 
v e r y  p a l e  o ra n g e ,  t h i n -  and u neven-bedded ,  
upper  s u r f a c e  h i g h l y  i r r e g u l a r  ( f i n e  c a l c i 
r u d i t e :  s i d e r i t i c ,  b ryo zo an  b i o m i c r u d i t e ,  
w i t h  s c a t t e r e d  A rchaeo1i t h o p h y l l u m , e c h i n o 
derm p l a t e s ,  b r a c h i o p o d s ,  and s i d e r i t e  
o c c u r r i n g  w i t h  l i m o n i t e  i n  v e i n l e t s  o r  
p a t c h e s ) ,  f o s s i l i f e r o u s ,  w i t h  C o m p o s i ta ,
P e n t r e m i t e s , M i c h e l i n i a , c r i n o i d  p l a t e s  ; 
exposed  in  d i t c h  a l o n g s i d e  o ld  c o u rs e  o f  
roadway 2 .5

Remarks: No a p p a r e n t  c o r r e l a t i v e  e x i s t s
on h i l l s i d e  e x p o su re  n o r t h  o f  q u a r r y ,  
b u t  t h i s  may be due t o  p o o r  e x p osu re  
and n o t  b e c a u se  u n i t  i s  m is s in g  t h e r e .

9 L im es to n e ,  medium g ray  and l i g h t  o l i v e  g ray  
C5 Y 6 / 1 ) ,  w e a th e r s  p a l e  y e l l o w i s h  brown, 
g r a y i s h  o r a n g e ,  and v e ry  p a l e  o r a n g e ,  t h i n -  
t o  medium-bedded un ev en -b ed d e d ,  c o n t a c t s  
u n d u l a t o r y ,  o o l i t i c  a t  b a s e ,  ( 2  f e e t  below 
to p :  f ine-m edium  c a l c i r u d i t e :  a r g i l l a c e o u s  
f o s s i l i f e r o u s  i n t r a m i c r u d i t e , w i t h  S t r i a t o p o r a , 
b r a c h i o p o d s ,  and b r y o z o a n s ) ,  f o s s i l s  i n c l u d e :  
M i c h e l i n i a , C h a e t e t e s , P e n t r e m i t e s , E o a s i - 
a n i t e s , s o l i t a r y  c o r a l s ,  S p i r i f e r , C o m p o s i ta , 
Rhynchopora , and u p p e r  bed c o a t e d  w i th  
S t r i a t o p o r a , l e d g e - f o r m i n g  9 .0

8  S h a l e ,  m o s t ly  c o v e r e d ,  w e a t h e r s  l i g h t  brown
(5 YR 5 /6 )  6 .4

7 L im es to n e ,  l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  w ea 
t h e r s  g r a y i s h  o r a n g e ,  medium-bedded, c o n t a c t s  
o b s c u r e ,  c r i n o i d a l ,  (3 f e e t  above b a s e :  f i n e  
c a l c i r u d i t e :  ech inoderm  ( c r i n o i d a l )  b i o m i 
c r u d i t e ,  w i t h  b r y o z o a n s ,  e n c r u s t i n g  f o r a m i n i -  
f e r s ,  p l a t y  a l g a e ,  t r i l o b i t e  and b r a c h io p o d  
f r a g m e n t s ) ,  p o o r l y  exposed  4 .7

6  S h a l e ,  s i l t s t o n e ,  and l i m e s t o n e :  s h a l e ,  o l i v e
b l a c k ,  w e a th e r s  d a rk  y e l l o w i s h  brown, s i l t y ,  
two i n t e r v a l s  o f  s h a l e ,  m ain ly  top  t h r e e  f e e t  
and i n t e r v a l  1 to  5 f e e t  f rom b a s e :  s i l t s t o n e ,  
medium d a rk  g r a y ,  w e a th e r s  d a rk  y e l l o w i s h  
brown, many b l a c k  s h a l e  p a r t i n g s ,  ( c a l c a r e o u s ,  
a r g i l l a c e o u s ,  s i l t s t o n e ,  w i t h  p r o d u c t i d  s p i n e s ) ;  
l i m e s t o n e ,  (medium c a l c a r e n i t e :  sandy o o s p a r -  
i t e ,  g ra d in g  upward i n t o  s i l t s t o n e ) ,  u n i t  ex-
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p o sed  a lon g  o ld  ro a d  a lm os t  d i r e c t l y  a c r o s s
from l a r g e  gateway through,  b a rb e d - w i r e  f e n c e ;
a l s o  exposed  j u s t  above and to  n o r t h  o f
q u a r r y  p r o p e r  1 0 . 2

Sandy l i m e s t o n e ,  l i g h t  g r a y ,  g r a y i s h  o ra n g e ,  
p a l e  o l i v e ,  and l i g h t  b row nish  g r a y ,  w e a th e rs  
o l i v e  g ra y  (5 Y 4 /1 )  and l i g h t  o l i v e  g ray  (5 
Y 6 / 1 ) ,  and l i g h t  b ro w n ish  g r a y ,  t h i c k -  to  
v e ry  t h i c k - b e d d e d ,  ev en -b ed d e d ,  has s t r i p e d  
a p p e a ra n c e ,  u p p e r  1 0  f e e t  somewhat t h i n -  and 
u neven -b ed d e d ,  some c r o s s - b e d d i n g , co n g lo 
m e r a t i c  a t  b a s e ,  v e ry  sandy a t  b a s e ,  d e c r e a s 
in g  upward ,  (23 f e e t  above b a s e :  T .S.  682: 
f i n e  c a l c i r u d i t e :  b ryozoan  b i o s p a r r u d i t e ) ,
( 6  f e e t  above b a s e :  T .S.  A-137: f i n e  c a l c i 
r u d i t e :  s an d y ,  a lg a l - b r y o z o a n  b i o s p a r r u d i t e ,  
w i t h  8  t o  10% q u a r t z  sa n d ,  (Base: f o s s i l i f e r 
ous p h o s p h a t e -  and l i m e s t o n e - p e b b l e  c o n g lo 
m e ra te  w i t h  medium t o  f i n e  sand  m a t r i x ,  w i t h  
p e b b le s  o f  p h o s p h a te ,  b i o s p a r r u d i t e ,  o o s p a r i t e ,  
and b ry o zo a n  b i o l i t h i t e ) , u n i t  forms m ass ive  
c l i f f  a lon g  s i d e  o f  Rt .  81 25.5

P i t k i n  Fo rm at ion

L im e s to n e ,  medium l i g h t  g ray  and l i g h t  o l i v e  
g r a y  (5 Y 6 / 1 ) ,  w e a th e r s  y e l l o w i s h  g r a y ,  b e d 
d ing  v e r y  i r r e g u l a r ,  w e a th e r s  r u b b l y ,  (Top: 
m edium -coarse  c a l c a r e n i t e :  p a r t l y  r e c r y s t a l 
l i z e d  s p i c u l e  b i o m i c r i t e ,  w i t h  b ry o z o a n s ,  
ech inoderm  p l a t e s ,  f o r a m i n i f e r s ) , ( c o n t a c t  
be tween  Morrow and P i t k i n  i s  v e ry  sha rp  and 
w e l l - d e f i n e d )  1 .5

L im es to n e ,  medium g r a y ,  medium l i g h t  g r a y ,  
and l i g h t  g r a y ,  w e a th e r s  da rk  g ra y  and l i g h t  
o l i v e  g r a y  (5 Y 6 /1 )  , medium-bedded,  uppe r  
two f e e t  a r e  t h i n - b e d d e d ,  i r r e g u l a r ,  r u b b l y ,  
w i t h  t h i n  d i s t o r t e d  s h a l e  p a r t i n g s ,  q u i t e  
f o s s i l i f e r o u s  w i t h  Archimedes (1 .5  f e e t  below 
t o p ;  f i n e  c a l c a r e n i t e :  f o s s i l i f e r o u s ,  p e l l e t i -  
f e r o u s  o o s p a r i t e ,  w i th  some echinoderm p l a t e s ,  
b r y o z o a n s ,  and e n c r u s t i n g  a lg a e )  9 .4

L im es to n e ,  l i g h t  g ray  and medium l i g h t  g r a y ,  
w e a th e r s  p a l e  y e l l o w i s h  o ra n g e ,  and ve ry  p a l e  
o r a n g e ,  i r r e g u l a r l y - b e d d e d ,  f o s s i l i f e r o u s ,  
w i t h  A rc h im e d e s , l a r g e  and long  c r i n o i d  s te m s ,

( 1  f o o t  above b a s e :  m i c r i t i c  b ryozoan  b i o 
l i t h i t e ,  w i t h  Archimedes and i t s  f ro n d s  making 
up th e  f ramework,  a l l  whole and u n a b raded ,  w i th
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s t r o m a t o l i t i c  a l g a l  e n c r u s t a t i o n s ,  and a few , 
s c a t t e r e d  o s t r a c o d e s  and echinoderm p l a t e s )  2 . 2

Remarks: Some of  u p p e r  s u r f a c e s  o f  l im e 
s t o n e s  have mudcracks .

L im es tone  and s h a l e :  l i m e s t o n e ,  medium g r a y ,  
w e a th e r s  ve ry  p a l e  o r a n g e ,  u neven-bedded ,  
w e a th e r s  r u b b l y ,  app ea rs  a lm os t  c o n c r e t i o n a r y ,  
u pp e r  s u r f a c e s  v e r y  f o s s i l i f e r o u s ,  e s p e c i a l l y  
c o n t a i n i n g  A rc h im e d es , and f e n e s t e l l i d  b r y o 
zoans ,  ( f i n e  c a l c i r u d i t e :  s p a r s e  b i o m i c r u d i t e ,  
w i t h  some ech inoderm  p l a t e s ,  and b r y o z o a n s ) :  
s h a l e ,  o l i v e  b l a c k ,  w e a th e r s  o l i v e  g ray  (5 Y 
4 / 1 ) ,  d i s t o r t e d  and conform ing  t o  i r r e g u l a r  
l im e s to n e s  above and below 2 . 0

Measured S e c t i o n  15: G r e e n l e a f  N o r t h e a s t

L o c a t io n :  NWl/4, NWl/4, Sec. 1 ,  T. 13 N . , R. 20 E . , Muskogee.
County ,  Oklahoma.

Measured S e c t i o n  15 i s  measured  a long  c re e k  bed  e s s e n 

t i a l l y  a long  s e c t i o n  l i n e  b e g in n in g  i n  t h e  N l / 2 ,  N E l /4 ,  N E l /4 ,  

N E l /4 ,  Sec.  2,  T. 13 N . , R. 20 E . , e a s tw a r d  up c r e e k  a long 

s e c t i o n  l i n e  be tween n o r t h  edge o f  NWl/4, NWl/4, Sec. 1 ,  and 

s o u th  edge o f  t h e  SWl/4,  SWl/4, Sec. 36. U n i t s  13-16 a re  

m easured  i n  n o r t h e a s t e r l y  d i r e c t i o n  up h i l l s i d e  from c re e k  

bed .  S e c t i o n  m easured  and d e s c r i b e d  by David A. K o t i l a  i n  

A p r i l ,  1964.

UNIT DESCRIPTION THICKNESS (FEET)

Atoka Form ation

16 S ands tone  w i t h  b a s a l  c o n g lo m e ra te ,  d a rk  y e l 
lo w ish  orange  w e a t h e r s  g r a y i s h  brown and p a l e  
brown, m a s s iv e - b e d d e d ,  c r o s s - b e d d e d ,  c l i f f -  
f o rm in g ,  c o n g lo m e r a t i c  zone a t  ba se  0 t o  4 
in c h e s  t h i c k  w i t h  p e b b le s  o f  c l a y  i r o n s t o n e  
and q u a r t z ,  ( . 2  f e e t  above b a s e :  medium s a n d 
s t o n e ,  l im o n i t e - c e m e n t e d ,  rounded  to  sub-
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rounded g r a i n s ,  w i th  p a l e  y e l lo w  h i g h l y  d e 
composed mica f l a k e s ,  s c a t t e r e d  p a tc h e s  o f  
m e t a l l i c  g r a y - b l a c k  g o e t h i t e ) , lower  c o n t a c t  
with, dense  l im e s to n e s  o f  Morrow Form ation  
sh a rp  n o t

measured

Morrow Formation

15 L im es tone ,  medium g ra y ,  w e a th e rs  l i g h t  o l i v e
gray  (5 Y 5 / 2 ) ,  i r r e g u l a r - b e d d e d ,  c l i f f -  
fo rm ing ,  w ea th e rs  ru b b ly ,  (4 f e e t  above b a s e :  
d i s r u p t e d  b ryozoan  b i o m i c r i t e  c o n ta in i n g  p r e 
dom inan t ly  f i s t u l i p o r i d  b ryozoans  w i t h  some 
e n c r u s t i n g  f o r a m i n i f e r s ,  s h r in k a g e  c ra ck s  
p r e s e n t ) , b ryozoans  abundant  i n  lower  7 f e e t ,  
u pper  p a r t  a lmost  b a r r e n  and c o n ta in i n g  mud
c ra ck s  1 1 . 5

14 L im es tone ,  medium g r a y ,  w ea th e rs  p a l e  y e l l o w 
i s h  broim and l i g h t  o l i v e  g ray  (5 Y 5 / 2 ) ,  
i r r e g u l a r -  and t h i c k - b e d d e d ,  w e a th e r s  r u b b l y ,  
c l i f f - f o r m i n g ,  (3 f e e t  above b a s e :  f i n e  c a l 
c i r u d i t e :  sandy l i m o n i t i c ,  p o o r l y  washed, 
mixed b i o s p a r r u d i t e  w i t h  ech inoderm s ,  b r y o 
zoan s ,  whole g a s t r o p o d s  and b r a c h i o p o d s ) ,
H u s t e d i a , C om posi ta , forms b a se  o f  c l i f f  a t  
to p  o f  v a l l e y  s id e  w i t h  o v e r l y i n g  u n i t s ,  
s e p a r a t e d  from u n i t  above by 1 to  3 i n c h  
a r g i l l a c e o u s  i n t e r v a l  4 .8

13 Sandy l im e s to n e  and s h a l e :  l im e s t o n e ,  medium 
g r a y ,  w e a th e r s  p a l e  y e l l o w i s h  brown i n  lower  
5 f e e t  where sandy and to  l i g h t  o l i v e  g ray  
(5 Y 6 /1)  upward, sandy w i t h  sand  c o n t e n t  
d e c r e a s i n g  upward, t h i n -  and even -b ed d e d ,  (3 
f e e t  above b a se :  c o a r s e  c a l c a r e n i t e :  s a n d y ,  
a r g i l l a c e o u s  b i o s p a r i t e  w i th  f i n e  q u a r t z  sand  
and p o c k e ts  o f  b l a c k i s h  c l a y ,  c o n t a i n i n g  
ech in od erm s ,  b ryozoans  whole and f r a g m e n ta ry  
b r a c h i o p o d s ,  and g a s t r o p o d s ,  M i l l e r e l l a , and 
O sag ia ) , i n t e r b e d d e d  w i t h  s h a l e  w e a th e r in g  
l i g h t  o l i v e  gray  (5 Y 6 / 1 ) ,  lower  f i v e  f e e t  
p o o r l y  exposed ,  upper  16 f e e t  m o s t ly  c o v e r e d ,  
b u t  w i th  s h a l e  f l o a t  2 1 . 0

12 L im es tone ,  medium da rk  gray  w e a th e rs  l i g h t
o l i v e  g ray  (5 Y 6 / 1 ) ,  t h in - b e d d e d ,  even -b ed ded ,  
c o n ta in s  o n c o l i t h s  o f  O sag ia  and C u ne ip h y c u s , 
(O s a g ia - c o a t e d ,  f o s s i l i f e r o u s ,  i n t r a s p a r r u d i t e , 
b ry o z o a n s ,  A d i s i n a  and o t h e r  g a s t r o p o d s .
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N u c u la n a , and c r i n o i d  c o l u m n a l s ) , l e d g e -
form ing  1 . 4

11 I n t e r b e d d e d  l im e s to n e  and s h a l e :  l i m e s t o n e ,
l i g h t  broxvnish g ray  w e a th e r s  l i g h t  o l i v e  
g ray  (5 Y 5 / 2 ) ,  e v e n -b ed d e d ,  t h in - b e d d e d  
p l a t y  s p l i t t i n g ,  (7 f e e t  above b a s e :  f i n e  
c a l c i r u d i t e :  l i m o n i t i c ,  i n t r a c l a s t - b e a r i n g  
b i o s p a r r u d i t e  w i t h  ech in o d erm s ,  b ry o z o a n s ;  
i n t e r b e d d e d  w i th  s h a l e ,  o l i v e  g ray  (5 Y 4 / 1 ) ,  
w e a th e rs  l i g h t  o l i v e  g ray  (5 Y 5 /2 )  8 . 8

10 Covered 43 .5

9 I n t e r b e d d e d  l im e s to n e  and s h a l e :  l i m e s t o n e ,  
l i g h t  g r a y ,  w e a th e rs  l i g h t  o l i v e  g ray  (5 Y 
6 / 1 ) ,  b a s a l  5 f e e t  c o n t a i n s  m edium -gra ined  
s a n d ,  c l a y ,  g l a u c o n i t e ,  and p h o s p h a t i c  g r a n 
u l e s  i n  l e n s e s  and p o c k e t s  which  w e a th e r  w i t h  
p i t t e d  a p p e a ra n c e ,  ev en -b ed d e d ,  medium-bedded,

( 8  f e e t  above b a s e :  f i n e  c a l c i r u d i t e :  p a r 
t i a l l y  r e c r y s t a l l i z e d ,  b ryozoan  b i o m i c r u d i t e  
w i t h  whole b r a c h io p o d s  and g a s t r o p o d s ,
M i l l e r e l l a  and e n c r u s t i n g  f o r a m i n i f e r s ) , 
i n t e r b e d d e d  w i t h  s h a l e s ,  o l i v e  g ray  (5 Y 4 / 1 ) ,  
w e a th e r in g  l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  co n 
t a i n s  H u s t e d i a , C o m po s i ta , S p i r i f e r , P u n c to - 
s p i r i f e r , B e e c h e r i a , p r o d u c t i d s ,  A c l i s i n a , 
and O s a g i a ; u n i t  forms p ro m in en t  w a t e r f a l l s  
i n  s t r e a m  bed 1 2 .7

8  Covered 3.0

7 Limestone  and s h a l e :  l i m e s t o n e ,  medium d a rk
g r a y ,  w e a th e r s  p a l e  y e l l o w i s h  brown w i th  s p o t s  
o f  g r a y i s h  orange  bedd ing  uneven and u n d u l a 
t o r y ,  w e a th e r s  r u b b l y ,  l e d g e - f o r m i n g ,  ( 2  f e e t  
above b a s e :  f i n e  c a l c i r u d i t e :  p y r i t i c ,  s p a r s e  
b ryozoan  b i o m i c r u d i t e  w i t h  a fexv' e c h in o d e r m s ) ,  
A n t i q u a t o n i a  and o t h e r  p r o d u c t i d s ,  c h o n e t i d s ,  
G a s t r i o c e r a s , N u c u l a , C om po s i ta , and s h a r k ' s  
t o o t h ;  i n t e r b e d d e d  w i t h  t h i n  s h a l e s , o l i v e  
b l a c k  w e a th e r in g  m odera te  y e l l o w i s h  brown and 
o l i v e  g ray  (5 Y 3 / 2 ) ,  s i l t y , f o s s i l i f e r o u s , 
and p y r i t i c  6 .3

6 I n t e r b e d d e d  s h a l e  and l im e s t o n e :  s h a l e ,  o l i v e  
g ray  C.5 Y 3 /2)  w e a th e r s  l i g h t  o l i v e  g ray  (5 Y 
5 / 2 ) ,  i n  lower  h a l f ,  m odera te  y e l l o w i s h  brown 
i n  u p p e r  h a l f ,  f o s s i l i f e r o u s ,  i n t e r b e d d e d  w i th  
t h i n  l i m e s t o n e s ,  medium d a r k  g r a y ,  w e a th e r s  
p a l e  y e l l o w i s h  brown, ev en -b ed d e d ,  ( b i o m i c r u d i t e .
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w i t h  ech inoderm s ,  b r y o z o a n s ,  t r i l o b i t e  f r a g 
m e n t s ) ;  P u n c t o s p i r i f e r , c h o n e t i d s ,  p r o d u c t i d s  9 .8

5 S h a l e ,  o l i v e  g ray  (5 Y 3 / 2 ) ,  w e a th e r s  moder
a t e  y e l l o w i s h  brown, m o s t ly  cov ered  and e x 
p o sed  on ly  by d ig g in g  17 .5

4 L im es ton e ,  medium d a rk  g r a y ,  w e a th e r s  medium
g ray  and p a l e  y e l l o w i s h  brown, t h in - b e d d e d ,  
u n d u l a t o r y ,  (p o o r ly  washed,  echinoderm b i o 
s p a r i t e  w i t h  b ryozoan  and b r a c h io p o d  f r a g m e n ts )  1 . 2

3 Sandy l i m e s t o n e ,  medium g r a y ,  w e a th e r s  l i g h t
o l i v e  g ray  (5 Y 6 /1 )  , b u t  becoming p a l e  y e l l o w 
i s h  g re e n  a t  t o p ,  sand  c o n t e n t  i n c r e a s i n g  from 
20% a t  b a se  to  40% a t  t o p ,  c r o s s - b e d d e d ,  l e d g e -  
fo rm ing  ( san dy ,  l i m o n i t i c ,  ech inoderm  b i o 
s p a r i t e  w i t h  ech inoderm  p l a t e s ,  b ry o z o a n s ,  and 
b ra c h io p o d  f ra g m e n ts )  3 .0

2 Covered 3 .6

1 L im es to n e ,  medium l i g h t  g r a y ,  w e a th e r s  l i g h t
o l i v e  g ray  (5 Y 5 /2 )  , and p a l e  y e l l o w i s h  brown 
a t  t o p ,  e v en -b ed d e d ,  medium-bedded, sandy and 
s l i g h t l y  c ro s s - b e d d e d  a t  t o p ,  l e d g e - f o rm in g  
(Base:  f i n e  c a l c i r u d i t e :  p o o r l y  washed,  b r y o 
zoan- echinoderm b i o s p a r r u d i t e ) ; O r b i c u l o i d e a ,
N u c u la , g a s t r o p o d s ,  and t r i l o b i t e  f r a g m e n ts  7 .7

Measured S e c t i o n  16-17-18  Composite

L o c a t io n :  N E l /4 ,  Sec. 9,  and NWl/4, Sec.  10, T. 13 N . , R. 21 
E. , Sequoyah County Oklahoma.

Composite s e c t i o n  c o n s i s t s  o f  t h r e e  m easured  s e c t i o n s ;

MS 16 ,  MS 17,  and MS 18, eac h  i s  d e s c r i b e d  i n  d e t a i l  and f o l 

lows com pos i te  d e s c r i p t i o n .  S e c t i o n s  a r e  s i t u a t e d  n e a r  i n t e r 

s e c t i o n  o f  Highway lOA and S t r a y h o r n  Landing Road. Purpose  

o f  co m p o s i te  i s  f o r  e a se  o f  d r a f t i n g ,  p i c t o r i a l  r e p r e s e n t a 

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

UNIT DESCRIPTION THICKNESS (FEET)

Atoka Form at ion
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7 S ands tone  w i t h  b a s a l  cong lom era te  l o c a l l y ;

See MS 18 f o r  p a r t i c u l a r s  3 . 5

Morrow Form at ion

6  L im es tones  and s h a l e s ;  l im e s t o n e s  t h i n -  to
medium-bedded, e v en -b ed d ed ,  r i c h  i n  p ro d u c 
t i d s  and o t h e r  b r a c h i o p o d s ,  s o l i t a r y  c o r a l s ;  
s h a l e s  1 .5  to  3 f e e t  t h i c k ,  b l a c k i s h ,  u n i t  
v a r i e s  from 25 to  31 f e e t  a v e rages
See MS 17 and 18 28 .0

5 O n c o l i t h - b e a r i n g  l im e s to n e  and s h a l e :  onco
l i t h s  o f  Cuneiphycus and O s a g i a ; e q u a l s  u n i t  
9 (MS 1 6 ) ,  e q u a l s  u n i t  9 (MS"l7, e q u a l s  u n i t s  
5, 6  and lower  7 (MS 1 8 ) ,  t h i c k n e s s  av e rag e s  5 .0

4 A lg a l  l im e s t o n e s  and t h i n  s h a l e s :  l im e s to n e s
i r r e g u l a r - b e d d e d ,  u n d u l a t o r y  and mounding 2  

t o  4 f e e t  i n  p l a c e s ,  w e a th e r  r u b b l y ,  c o n ta in  
A r c h a e o l i t h o p h y l l u m , C u n e ip h y c u s , and O s a g i a , 
e q u a l s  u n i t  8  (MS 1 6 ) ,  u n i t  8  (MS 1 7 ) ,  and 
u n i t  3 (MS 1 8 ) ,  t h i c k n e s s  v a r i e s  w id e ly ,  
a v e ra g e s  9 .5

3 L im es to n e ,  c r i n o i d a l -  and b r y o z o a n - r i c h ,  even-
bedded b u t  l e n s i n g  i n  p l a c e s ,  w e a th e rs  some
what c rum bly ,  e q u a l s  u n i t  7 (MS 1 6 ) ,  u n i t s  
7 - 6 - 5 - 4  (MS 1 7 ) ,  and u n i t s  1 and 2 (MS 1 8 ) ,
t h i c k n e s s  v a r i e s  w id e ly  from 1 2  f e e t  to  2 0

f e e t ,  a v e rag e s  16 .0

2 A l t e r n a t i n g  l im e s to n e s  and s h a l e s ,  beds even
b u t  l e n s i n g ,  t h i c k n e s s  abou t  13.0

1 S a n d s t o n e s ,  sandy s h a l e s ,  s h a l e s ,  c o n c r e t i o n -
b e a r i n g ,  c ru s h e d  f o s s i l s ,  e q u a l s  u n i t  1 (MS 
1 6 ) ,  and u n i t s  1 and 2 (MS 1 7 ) ,  n o t  found a t  
MS 18,  t h i c k n e s s  up to  18 .0

Measured S e c t i o n  16: S t r a y h o r n  West

L o c a t i o n :  N E l /4 ,  S E l /4 ,  N E l /4 ,  Sec. 9 ,  T. 13 N . , R. 21 E . ,
Sequoyah County, Oklahoma.

Measured S e c t i o n  16 i s  l o c a t e d  i n  abandoned q u a r r y  west  

o f  Highway lOA a p p ro x im a te ly  a t  p o i n t  where Highway lOA i n t e r 

s e c t s  ro a d  l e a d i n g  to  S t r a y h o r n  L anding .  N o r th  o f  Highway
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lOA a t  t h i s  p o i n t  i s  f e n c e d  T h orn ton  p r o p e r t y  s l i g h t l y  ahead 

and t o  w e s t .  Im m edia te ly  s o u t h  o f  fen c ed  p r o p e r t y  i s  g r a v e l  

r o a d  h e ad in g  w es t  from lOA. Fol low t h i s  road  to  f a r t h e s t  

abandoned q u a r r y  (abo u t  150 t o  200 y a r d s ) .  S e c t i o n  i s  mea

s u r e d  upward from f l o o r  o f  q u a r r y  n e a r  clump o f  w i l l o w s ,  and 

e a s t w a r d  a round  f a c e .  U n i t s  1-7 a re  measured up q u a r r y  f a c e  

n e a r  w i l lo w  c l u s t e r .  In  f o l l o w in g  d e s c r i p t i o n s ,  measurements  

g iv e n  a re  f o r  t h e s e  u n i t s .  U n i t  numbers b e g in n in g  w i t h  C a r e  

com pos i te  s e c t i o n  u n i t  numbers .  S e c t i o n  measured  and d e s 

c r i b e d  by David A. K o t i l a  i n  A ugus t ,  1963, and m o d i f i e d  

A u g u s t ,  1966.

UNIT DESCRIPTION THICKNESS (FEET)

Morrow Fo rm a t ion

10 L im es tone  and t h i n  s h a l e s ;  exposed o n ly  in
(C- 6 ) w i n t e r ,  numerous p r o d u c t i d s ,  s o l i t a r y  c o r a l s ,

b r a c h i o p o d s ,  p e l e c y p o d s ,  can be t r a c e d  a l l  
t h e  way from q u a r r y  e a s t  to  R t .  lOA i n  w i n t e r  12 .5

9 L im es to n e ,  e v e n -b e d d e d ,  o n c o l i t h - b e a r i n g ,  con- 
(C-5) t a i n s  p r o d u c t i d s ,  s o l i t a r y  c o r a l s ,  b l a s t o i d s ,

forms l ed g e  where i n  p l a c e  1 .5

8  L im es to n e ,  medium g ray  to  medium d a rk  g ray
(C-4) w e a th e r s  l i g h t  o l i v e  g r a y  (5 Y 6 /1)  and g r a y 

i s h  o r a n g e ,  t h i n -  and i r r e g u l a r l y - b e d d e d ,  v e ry  
f o s s i l i f e r o u s ,  (1 .5  f e e t  above b a se :  T .S .  729: 
p a r t l y  r e c r y s t a l l i z e d  a l g a l  b i o m i c r u d i t e - b i o -  
l i t h i t e  t r a n s i t i o n ,  w i t h  C une iphycus , A rc haeo 
l i t h o p h y l l u m  m i s s o u r i e n s i s , O s a g i a , b r y o z o a n s ,  
b r a c h i o p o d s ,  whole and f rag m e n te d  echinoderm 
p l a t e s  and s p i n e s ,  am m odisc id - type  f o r a m i n i 
f e r s ,  and T e t r a t a x i s ) , f o s s i l s  i n c l u d e  p r o d u c 
t i d s ,  b r y o z o a n s ,  and s o l i t a r y  c o r a l s ,  upper  
s u r f a c e s  v e ry  i r r e g u l a r  and c o n t a i n i n g  numer
ous a l g a l  mounds 3 t o  5 f e e t  i n  d ia m e te r  and 
2  t o  4 f e e t  t h i c k ,  u n i t  p o o r l y  exposed ,  p r e 
s e n t  o n ly  a t  ex trem e e a s t  end o f  q u a r r y  f a c e
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and a t  extreme top o f  f a c e  and on s lo p in g  
ground above q u a r r y  f a c e ,  t h i c k n e s s  v a r i e s
4 .5  to  9 .5  f e e t ,  av e rag e s  8.5

7 L im es tone ,  medium gray  and medium l i g h t  gray
CC-3) w ea th e rs  l i g h t  o l i v e  g ray  (.5 Y 5/2) and p a l e  

y e l l o w i s h  b ro \m ,  medium- to  t h i c k - b e d d e d ,  
a p p ea rs  h o r i z o n t a l l y  banded,  ve ry  f o s s i l i f e r 
ous b u t  f i n e - g r a i n e d  and f o s s i l s  ha rd  t o  r e 
move, (Top: T .S.  728: medium c a l c a r e n i t e :  
sandy  bryozoan b i o m i c r i t e :  w i th  ech inoderm s,  
g a s t r o p o d s ,  p e le c y p o d s ,  b ra c h io p o d s ,  o s t r a 
c o d e s ,  t r i l o b i t e  f r a g m e n ts ,  c o i l e d  e n d o th y r i d  
f o r a m i n i f e r s ,  M i l l e r e l l a , and some G i r v a n e l l a , 
w i t h  15% q u a r t z  sa n d ,  3% brownish  phosph a te?  
p e b b l e s ) , f o s s i l s  i n c l u d e  M i c h e l i n i a , S p i r i f e r , 
Com pos i ta , G a s t r i o c e r a s , s o l i t a r y  rug o se  
c o r a l s ,  v a r i o u s  ty p es  o f  c r i n o i d  c a ly x  p l a t e s  
i n c l u d i n g  H y d re io c r in u s  ( ? ) ,  E u p a c h y e r in u s , 
m a s s iv e ,  and forms uppermost  p a r t  of  q u a r r y  
i n  most p l a c e s ,  a long e a s t  end o f  q u a r r y ,  a
3 .5  f o o t  s h a l e  i s  deve loped  about  3 .5  f e e t  
above base  w i t h  l im e s to n e  b o th  above and below, 
t h i c k n e s s  v a r i e s  c o n s i d e r a b ly  a long w es t  end
o f  q u a r r y ,  averages  13.5

(18 .5)

6  S a n d s to n e ,  l i g h t  o l i v e  g ray  (5 Y 5 / 2 ) ,  w e a th e r s
(C-3) d a rk  y e l l o w i s h  brown and p a l e  y e l l o w i s h  brown, 

t h i n -  to  v e ry  t h in - b e d d e d ,  t h i c k n e s s  v a ry in g  
from maximum 0 .9  f e e t  t o  minimum of  0 .0  i n  
abou t  40 f e e t  l a t e r a l l y ,  p l a t y  s p l i t t i n g ,  
( f in e -m e d iu m -g ra in e d  c a l c a r e o u s  s a n d s t o n e ,  
w i t h  m a t r ix  o f  c la y  and c a l c i t e ) , bed n o t  p r e 
s e n t  i n  e a s t e r n  p a r t  o f  th e  q u a r r y ,  t h i c k n e s s  
a v e ra g e s  0 .4

( 0 . 0 )

5 Sha le  and a r g i l l a c e o u s  mudstone:  medium gray
(C-2) w e a th e r s  medium l i g h t  g r a y ,  upper  2.5 f e e t

g r e e n i s h  gray  w e a th e r in g  da rk  y e l l o w i s h  o r a n g e ,  
w i t h  t h i n  l im e s to n e  s t r i n g e r s  5.5

(4 .5 )

4 L im es tone ,  l i g h t  g r e e n i s h  g ray  (5 GY 8 / 1 ) ,  and
(C-2) s t r e a k s  o f  l i g h t  b row nish  g r a y ,  w e a th e rs  y e l 

l o w is h  g ray  and l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  
t h i n -  and even -b ed ded ,  f o s s i l i f e r o u s ,  (Top: 
f i n e  c a l c i r u d i t e :  sandy ,  s i d e r i t i c ,  a r g i l l a 
ceous bryozoan b i o s p a r r u d i t e :  w i th  sa n d ,  c l a y ,  
and s i d e r i t e  o c c u r r in g  i n  v e i n l e t s  and p o c k e t s
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and n o t  e v en ly  d i s s e m in a t e d  th ro u g h o u t  th e  
r o c k ,  c o n t a i n s  g a s t r o p o d s ,  echinoderm p l a t e s ,  
o s t r a c o d e s ) , forms p ro m inen t  ledge  abou t  one- 
t h i r d  way up c l i f f  f a c e 0 . 5 

(2.5)
3 S h a l e ,  d a rk  g r a y ,  w e a th e r s  medium d a rk  g r a y ,

(C-2) c o n t a i n s  some l i m o n i t i c  c o n c r e t i o n s  1 .8
(1 .5 )

2 L im es ton e ,  medium l i g h t  g r a y ,  w e a th e r s  l i g h t
(C-2) o l i v e  g ray  (5 Y 6 / 1 ) ,  medium-bedded, top  un 

d u l a t o r y ,  s l a b b y  t o  f l a g g y  s p l i t t i n g ,  ( 2 . 5  

f e e t  below t o p :  T .S .  727: f i n e  c a l c i r u d i t e :  
r e c r y s t a l l i z e d  a l g a l - b r y o z o a n  b i o s p a r r u d i t e  
w i t h  A r c h a e o l i t h o p h y l l u m , O s a g i a , f e n e s t e l l i d  
and f i s t u l i p o r i d  b r y o z o a n s ,  e ch in od erm s ,  g a s 
t r o p o d s ,  b r a c h io p o d  and t r i l o b i t e  f r a g m e n t s ) ,  
l e n s e s  of  c o n g lo m e r a t i c - a p p e a r i n g  a l g a l - c o a t e d  
o n c o l i t h  l im e s t o n e s  i n  lower  p a r t  o f  u n i t ,  
which  a re  len:  i n g ,  u n i t  banded i n  p l a c e s  as 
i s  u n i t  7, forms low er  p a r t  o f  q u a r r y  f a c e  i n  
w e s t e r n  p a r t  o f  q u a r r y ,  b a s e  n o t  exposed  6 . 2

(8.5)
1 S ands tone  and s h a l e :  s a n d s t o n e ,  d a r k  g ray  wea-

(C-1) t h e r s  l i g h t  o l i v e  g ra y  (5 Y 6 /1 )  and p a l e  y e l 
lo w ish  brown, v e ry  t h i n - b e d d e d ,  f o s s i l i f e r o u s ,  
f o s s i l s  i n c l u d e  P u n c t o s p i r i f e r , C om pos i ta ,
C o n o s t i c h u s , P e n t r e m i t e s  r u s t i c u s , c ru s h e d  
p r o d u c t i d s , deformed s o l i t a r y  rugose  c o r a l s ,  
b r y o z o a n s ,  ech inoderm  p l a t e s ;  s h a l e ,  da rk  
g r a y ,  f o s s i l i f e r o u s ,  u n i t  o c cu rs  i n  f l o o r  of 
q u a r r y  w e s t  o f  clump o f  w i l lo w s  and a t  w e s t e r n 
most p o r t i o n  o f  q u a r r y  2 . 8

Measured S e c t i o n  17: S t r a y h o r n  E a s t

L o c a t io n :  S l / 2 ,  SWl/4, NWl/4, Sec. 10,  T. 13 N . , R. 21 E . , 
Sequoyah County,  Oklahoma.

Measured S e c t i o n  17 i s  l o c a t e d  in  p a r t  i n  abandoned 

q u a r r y  e a s t  o f  S t a t e  Highway lOA and s o u th  o f  paved  road  

l e a d i n g  t o  S t r a y h o r n  Landing .  U n i t s  1-4 exposed  a long  S t r a y 

h o rn  Landing Road, u n i t s  4-9 exposed  i n  a r e a  be tw een  road  

and q u a r r y .  U n i t s  10-18 a re  exposed  i n  q u a r r y .  U n i t  numbers
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b e g in n in g  w i t h  C i n d i c a t e  com pos i te  s e c t i o n  u n i t s ,  as C- 6 ,

C-5 e t c .  S e c t i o n  measured  and d e s c r i b e d  by David A. K o t i l a  

i n  A u g u s t ,  1963 and March, 1964.

UNIT DESCRIPTION THICKNESS (FEET)

Morrow Form ation

18 L im es ton e ,  medium l i g h t  g r a y ,  w e a th e r s  l i g h t
(C- 6 ) o l i v e  g ray  (5 Y 5 / 2 ) ,  t h i n - b e d d e d ,  (Base:

i n t e r l a m i n a t e d  c a l c a r e n i t e  and c a l c i r u d i t e :  
i n t e r l a m i n a t e d  b i o m i c r i t e  and b ryozoan-  
ech inoderm  b i o s p a r r u d i t e ) , o c c u r s  as h i g h e s t  
led g e  i n  q u a r r y  and exposed  o n ly  a t  e a s t e r n  
e x t r e m i t y  o f  q u a r r y  1 . 5

17 S h a l e ,  w e a th e r s  b row n ish  g ra y  1 .5
(C- 6 )

16 L im es to ne ,  medium d a rk  g r a y ,  w e a th e r s  p a l e
(C- 6 ) y e l l o w i s h  brown, e v en -bed d ed ,  a s i n g l e  be d ,

(Top: c o a r s e  c a l c a r e n i t e :  b ryo zo a n  b i o m i c r i t e ,  
w i t h  some s c a t t e r e d  ech inoderm  p l a t e s ,  S t r i a 
t o p o r a  , G a s t r i o c e r a s , A n t i q u a t o n i a , P u s t u l a ,
P e n t r e m i t e s , o c cu rs  as top  l e d g e  i n  c e n t r a l
p a r t  o f  q u a r r y  3 .9

15 Sha le  w i t h  t h i n  l im e s to n e s  i n t e r b e d d e d :  s h a l e ,
(C- 6 ) o l i v e  g ray  (5 Y 4/1)  , w e a th e r s  m o dera te  y e l l o w 

i s h  brown, c a l c a r e o u s ;  l im e s to n e s  medium g r a y ,  
w e a th e r s  g r a y i s h  o r a n g e ,  t h i n - b e d d e d ,  a r g i l l a 
c e o u s ,  c o n t a i n  abundant  p r o d u c t i d s ,  (2 .5  f e e t  
above b a s e :  f ine-m edium  c a l c a r e n i t e :  b ry o zo a n  
b i o m i c r i t e ,  w i th  p r o d u c t i d s  and P e n t r e m i t e s  
r u s t i c u s ) 5 .6

14 Limestone  and s h a l e :  l i m e s t o n e ,  medium g ray
(C- 6 ) w e a th e r s  medium dark  g ray  and l i g h t  o l i v e  g r a y ,

(5 Y 6 / 1 ) ,  e v en -b ed d e d ,  l e d g e - f o r m i n g ,  (1 f o o t  
above b a s e :  c o a r s e  c a l c a r e n i t e :  m i c r i t i c  b r y o 
zoan b i o s p a r i t e ,  w i t h  o s t r a c o d e s ,  f o r a m i n i f e r s ,  
ech inoderm  p l a t e s ,  p u n c t a t e  b r a c h io p o d  f r a g 
m e n ts ,  some f o s s i l  f r ag m e n ts  w i t h  c o a t i n g  o f  
O s a g i a ) , t h i c k n e s s  v a r i e s  3 .2  to  5 .7  f e e t ,  
av e ra g e s 4.2

13 L im es to n e ,  medium g r a y ,  w e a th e r s  p a l e  o l i v e ,  
(C- 6 ) e v en -b ed d e d ,  (Base: medium c a l c a r e n i t e :
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m i c r i t i c ,  l i m o n i t i c ,  b ryozoan  b i o s p a r i t e ,  w i th
ech inoderm  p l a t e s ,  p r o d u c t i d  s p i n e s ,  and o t h e r
b r a c h i o p o d  f r a g m e n t s ) , forms p ro m in e n t  ledge
a b o u t  ha l fw ay  up q u a r r y  f a c e  i n  c e n t r a l  and
w e s t e r n  p o r t i o n s  o f  q u a r r y ,  t h i c k n e s s  ranges
0 .7  t o  1 .5  f e e t ,  av e rag e s  1 .0

12 S h a l e ,  o l i v e  g ra y  (5 Y 3 /2)  w e a th e r s  medium
(C- 6 ) g ra y  and d a rk  y e l l o w i s h  o ra n g e ,  c o n t a i n s  c a l 

c a re o u s  c o n c r e t i o n s ,  t h i n  i n  e a s t e r n  p a r t  of  
q u a r r y  b u t  t h i c k e n s  i n  w e s t e r n  p a r t  to  4 .4

11 L im e s to n e ,  medium g ray  and medium l i g h t  g ra y ,
(C- 6 ) w e a t h e r s  l i g h t  o l i v e  g ray  [5 Y 6 /1)  and g r a y 

i s h  o r a n g e ,  even-  and medium-bedded, s p a r i t i c  
b u t  w i t h  l e n s e s  o f  m i c r i t i c  c a r b o n a t e ,  ( m i c r i 
t i c  l e n s e  2  f e e t  above b a s e :  f i n e  c a l c i r u d i t e :  
b ry o z o a n  b i o m i c r u d i t e ,  w i t h  echinoderm p l a t e s ,  
b l a d e d  a l g a e ,  a l g a l  s t r o m a t o l i t e s ,  e n c r u s t i n g  
f o r a m i n i f e r s ,  b r a c h i o p o d  f r a g m e n t s ) ,  v e ry  
f o s s i l i f e r o u s  w i t h  b l a s t o i d s ,  p r o d u c t i d s ,
C o m p o s i t a , H u s t e d i a , A n t i q u a t o n i a , P u n c to - 
s p i r i f e r T  s o l i t a r y  c o r a l s ,  and M i c h e l i n i a , 
forms l e d g e s  i n  lower  p o r t i o n  o f  q u a r r y  above 
t a l u s ,  t h i c k e n s  t o  7 .5  f e e t  e a s t w a r d ,  t h i n n e r  
i n  w e s t  a t  3 .4

10 L im e s to n e ,  and medium l i g h t  g ray  s h a l e ,  a lm os t
(C- 6 ) e n t i r e l y  c o v e re d  by t a l u s ,  lo w e s t  u n i t  i n

q u a r r y  p r o p e r  5 .3

9 L im e s t o n e , . medium l i g h t  g r a y ,  w e a th e r s  g r a y i s h
(C-5) o ran g e  and l i g h t  o l i v e  g ra y  (5 Y 6 / 1 ) ,  (Top:

o n c o l i t h - b e a r i n g  b i o m i c r u d i t e ,  w i th  Cuneiphycus 
and O s a g i a ) , a t  a d i s t a n c e  u n i t  r e sem b les  con- 
g l o m e r a t e ,  o c c u r s  d i s c o n t i n u o u s l y  on q u a r r y  
f l o o r ,  l o c a l l y  a b s e n t  w i t h  a l g a l  l im e s to n e s  of 
u n i t  8  s t i c k i n g  t h r o u g h ,  t h i c k n e s s  v a r i e s  from
1 .0  t o  4 .0  f e e t ,  a v e rag e s  2 .5

8  L im e s to n e ,  l i g h t  g ray  and medium l i g h t  g r a y ,
(C-4) w e a t h e r s  l i g h t  o l i v e  g ray  (5 Y 5/2)  and g r a y i s h

o ran g e  and v e ry  p a l e  o ra n g e ,  i r r e g u l a r l y - b e d d e d ,  
upperm os t  s u r f a c e  v e ry  i r r e g u l a r  (3 .5  f e e t  above 
b a s e :  T .S .  A-172: m i c r i t i c  a l g a l  b i o l i t h i t e -  
b i o m i c r u d i t e  t r a n s i t i o n ,  w i t h  C u n e ip h y c u s , and 
H u s t e d i a ) , upperm ost  bed  o c cu rs  as f l o o r  in  
q u a r r y  e n t ry w a y ,  t h i c k n e s s  r a n g e s  from 11.5  to
16 .0  f e e t ,  a v e ra g e s  14.0

7 C overed ,  a p p e a r s  to  be crumbly c r i n o i d a l  b i o -
(C-3) s p a r r u d i t e s  5 .5
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6  L im e s to n e ,  medium gray  and medium l i g h t  g r a y ,

(C-3) w e a t h e r s  l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  and g r a y 
i s h  r e d  (5 R 4 / 2 ) ,  s l i g h t l y  sandy in  a p p e a r 
ance i n  uppe r  p a r t ,  lower  p a r t  i s  c a l c a r e o u s  
s a n d s t o n e ,  t h i n -  to  medium-bedded,  even 
b ed d ed ,  ( 2  f e e t  above b a s e ;  f i n e  c a l c i r u d i t e :  
a lg a l - b r y o z o a n - e c h i n o d e r m  b i o m i c r u d i t e ,  w i t h  
A r c h a e o l i t h o p h y l l u m , b ry o z o a n s ,  o s t r a c o d e s ,  
c l a y  p o c k e t s  w i t h  f i n e  sand  ( 1 0 %), l ed g e -  
fo rm ing  , p o o r l y  exposed ,  found a long v e g e t a t e d  
s l o p e  be tw een  road  and q u a r r y  about  40 y a rd s  
e a s t  o f  S t r a y h o r n  Landing Road and Highway 
lOA i n t e r s e c t i o n  5 .0

5 Covered 5 .8
(C-3)

4 L im es to n e ,  medium l i g h t  g ray  and g r e e n i s h  g ray
(C-2) (b GY 6 / 1 ) ,  w e a th e r s  l i g h t  o l i v e  g ray  (5 Y

6 / 1 ) l i g h t  b row n ish  g r a y ,  and p a l e  y e l l o w i s h  
b r o i m , medium-bedded, even -b ed d e d ,  f l a g g y  to  
p l a t y  s p l i t t i n g ,  (4 f e e t  above b a se :  c o a r s e  
c a l c a r e n i t e :  l i m o n i t i c ,  i n t r a c l a s t - b e a r i n g  
ech inoderm  b i o s p a r i t e ,  w i t h  o s t r a c o d e s ,  and 
t r i l o b i t e  f r a g m e n t s ) , lower  bed f l u t e d ,  forms 
p ro m in e n t  l e d g e  s o u th  o f  S t r a y h o r n  Landing 
Road and a bou t  40 t o  60 y a rd s  e a s t  o f  Highway 
IDA 8 .5

3 L im e s to n e ,  medium l i g h t  g r a y ,  w e a th e r s  p a l e
(C-2) o l i v e  and m odera te  y e l l o w i s h  brown, medium-

b e d d ed ,  (5 f e e t  above b a s e :  medium c a l c a r e n i t e :  . 
c l e a n l y - w a s h e d ,  m o d e r a te ly  w e l l - s o r t e d ,  c o a t e d ,  
b i o s p a r i t e ,  w i t h  b r y o z o a n s ,  echinoderm p l a t e s ,  
and p o c k e t s  o f  g r e e n i s h  m i c r i t e  w i t h  e u h e d r a l  
s i d e r i t e ) ,  forms p ro m in e n t  led g e  6 . 1

2 Sandy l i m e s t o n e ,  medium l i g h t  g ray  and l i g h t
(C-1) o l i v e  g ra y  (5 Y 6 / 1 ) ,  w e a th e r s  l i g h t  g r a y ,

l i g h t  o l i v e  g ra y  (5 Y 5 /2 )  and y e l l o w i s h  g ray  
(5 Y 7 / 2 ) ,  v e ry  sandy a t  b a s e ,  ( a c t u a l l y  c a l 
c a re o u s  s a n d s t o n e ) ,  sand  c o n t e n t  d e c r e a s i n g  
upward,  w e a th e r s  p o r o u s ,  ( 2  f e e t  above b a s e :  
sa n d y ,  p o o r l y  washed c r i n o i d a l  b i o s p a r i t e ,  
w i t h  some c la y  and l i m o n i t e ) , exposed  i n  d i t c h  
s o u t h  o f  S t r a y h o r n  Landing Road about  175 y a r d s  
e a s t  o f  Highway lOA, and as led g e s  p r o g r e s s i v e l y  
h i g h e r  above ro ad  as one p r o c e e d s  toward  lOA 7 .5

1 S ha le  and s a n d s to n e :  s h a l e ,  m odera te  brown
(C-1) (5 YR 3 / 4 ) ,  w e a th e r s  medium d a rk  g r a y ,  sa n d y .
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i r o n s t o n e  c o n c r e t i o n s ;  s a n d s t o n e ,  l i g h t  o l i v e  
g r a y  (.5 Y 6 /1)  w e a th e rs  p a l e  y e l l o w i s h  brown 
and l i g h t  o l i v e  g ray  (.5 Y 5/2)  , averages  
abou t  1  f o o t  t h i c k  and o ccurs  i n  upper  p o r 
t i o n ,  [ f i n e - g r a i n e d ,  l im o n i te - c e m e n te d  s a n d 
s t o n e ,  w i th  sm a l l  p a tc h e s  o f  y e l l o w i s h  brown 
c l a y ) ,  u n i t  o ccu rs  i n  d i t c h  180 to  225 y a rd s  
e a s t  o f  S t r a y h o rn  Landing Road and forms s l i g h t  
a n t i c l i n a l  s t r u c t u r e ,  top  and bottom b o t h  con
c e a l e d ,  t h i c k n e s s  about  1 0 . 0

Measured S e c t i o n  18: P a r a d i s e  H i l l

L o c a t io n :  N l / 2 ,  SWl/4, NWl/4, Sec. 10, T. 13 N . , R. 21 E . ,
Sequoyah County, Oklahoma.

Measured S e c t i o n  18 i s  l o c a t e d  on e a s t  s i d e  o f  Highway 

lOA n o r t h  o f  S t r a y h o rn  Landing Road. U n i t s  1-3 occur  i n  aban 

doned q u a r r y  e a s t  o f  Highway lOA and n o r t h  o f  S t r a y h o r n  Land

ing  Road; u n i t s  4-7 a re  exposed a t  n o r th w es te rn m o s t  e x t r e m i t y  

o f  q u a r r y  above r im ,  a long  wash between d i t c h  a long  lOA and 

q u a r r y ;  u n i t  7-14 a re  exposed i n  d i t c h  on e a s t  s i d e  o f  High

way lOA a d j a c e n t  t o  fe n c e d  p r o p e r t y  o f  E. W. T horn ton .  U ni t

numbers b e g in n in g  w i t h  C, as C-4,  C-3 e t c .  i n d i c a t e  composi te  

s e c t i o n  u n i t  numbers.  S e c t i o n  measured and d e s c r i b e d  by 

David A. K o t i l a  i n  A ugus t ,  1963 and F e b ru a ry ,  1964.

UNIT DESCRIPTION THICKNESS [FEET)

Atoka Form ation

14 Sandstone  w i th  l o c a l  cong lom era te  a t  b a s e :
[C-7) s a n d s t o n e ,  da rk  y e l l o w i s h  orange  w i th  p a tc h e s  

o f  d a rk  r e d d i s h  brown [10 R 3 / 4 ) ,  w e a th e rs  
ve ry  dusky r e d  and g r a y i s h  r e d  (10 R 4 / 2 ) ,  
medium- and even-bedded ,  [ 1  f o o t  above b a se :  
f i n e - g r a i n e d ,  l im o n i t e - c e m e n te d ,  s a n d s t o n e ) ; 
c o n g lo m e ra te ,  m odera te  y e l l o w i s h  brown, g r a y 
i s h  broivn, w i th  i r o n  c o n c r e t i o n s  o r  d a rk  y e l 
lo w ish  o ra n g e ,  w e a th e rs  b row nish  gray  and
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d a r k  y e l l o w i s h  brovm, p r e s e n t  on ly  l o c a l l y  
a lo n g  c o n t a c t ,  t h i c k n e s s  v a r i e s  0 to  5 i n c h e s ,  
(con g lom era te  w i t h  q u a r t z  and q u a r t z i t e  p e b 
b l e s  2  t o  8  m i l l i m e t e r s ,  m a t r i x  c o a r se  g r a i n e d  
s a n d ) ,  u n i t  o c cu rs  as l e d g e s ,  b a se  u n d u l a t o r y ,  
t h i c k n e s s  i n  d i t c h  3 .5

Morrow Form ation

13 L im es tone ,  medium g ray  w e a th e r s  medium l i g h t  
(C- 6 ) g ray  and l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  upper  

s u r f a c e  san d y ,  (medium-coarse  c a l c a r e n i t e :  
s a n d y ,  m i c r i t i c ,  mixed b i o s p a r i t e  w i t h  e c h i n o 
derm p l a t e s ,  g a s t r o p o d s ,  b ry o z o a n s ,  b r a c h io p o d  
f r a g m e n ts ,  M i l l e r e l l a , s i d e r i t e  rhombs) 1 .5

12 S h a l e ,  two d i s t i n c t  c o l o r  ban d s ;  upper  p a r t  
(C- 6 ) (2 .5  f e e t )  l i g h t  brown (5 YR 5/6)  w i t h  numer

ous sm a l l  i r o n  c o n c r e t i o n s  (0 .25  to  0 .5  i n c h e s )  
which  a re  d a rk  y e l l o w i s h  o range  and l i g h t  brown 
(5 Y 5/6)  c o a te d  w i t h  dusky brown; lower  2 .8  
f e e t  i s  o l i v e  g ray  (5 Y 6 /1 )  w e a th e r s  m o t t l e d  
m odera te  brown (5 YR 4 / 4 ) ,  and r e d d i s h  brown 5 .3

11 L im es tone ,  g r a y i s h  r e d  (5 R 4 /2 )  w i t h  f l e c k s  
(C- 6 ) o f  l i g h t  o l i v e  g ray  (5 Y 6 /1 )  and g r e e n i s h  g ray  

(5 GY 6 / 1 ) ,  w e a th e r s  m odera te  brown (5 YR 4 /4 )  
and p a l e  y e l l o w i s h  brown, medium-bedded,  u p p e r 
most  s u r f a c e  i r r e g u l a r  and p i t t e d  i n  p o c k e t s  
where c la y  i s  p r e s e n t ,  (Top: f i n e  c a l c i r u d i t e :  
h e m a t i t i c ,  mixed b i o m i c r u d i t e ,  w i t h  ech inoderm  
p l a t e s  g a s t r o p o d s ,  b ra c h io p o d  f r a g m e n t s ,  and 
b r y o z o a n s ) ,  l e d g e - f o rm in g  3 .2

10 S h a l e ,  m o t t l e d  m odera te  brown (5 YR 3 /4 )  w i t h  
(C- 6 ) s t r e a k s  and s p o t s  o f  g r a y i s h  brown, and d a rk  

y e l l o w i s h  brown’, w e a th e r s  m odera te  brown (5 
YR 4 /4 )  and g r a y i s h  brown, s i l t y  2 .6

, 9 L im es to ne ,  medium g ray  w i t h  p a t c h e s  o f  p a l e  
(C- 6 ) y e l l o w i s h  brown, w e a th e r s  p a l e  r e d d i s h  brown, 

t h i n -  and e v en -bed d ed ,  f l a g g y  s p l i t t i n g ,  u pp e r  
c o n t a c t  ap pea rs  ev en ,  lower  c o n t a c t  u n d u l a t o r y ,  
v e ry  sandy ,  ( 3  f e e t  above b a s e :  c o a r s e  c a l c a r e 
n i t e :  ve ry  sandy ,  mixed b i o s p a r i t e  w i th  b r a c h i o 
pod f r a g m e n ts ,  g a s t r o p o d s ,  echinoderm p l a t e s ,  
b ry o z o a n s ,  M i l l e r e l l a , 30% q u a r t z  s a n d ,  m a t r i x  
c o n ta in s  s c a t t e r e d  rhombs o f  l i m o n i t e  c o a t e d  
s i d e r i t e  (?) o r  l i m o n i t e  r e p l a c i n g  d o lo m i te  
rhom bs) ,  l e d g e - fo rm in g  4 .5
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8  S h a l e ,  upper  1 .8  f e e t  m o t t l e d  l i g h t  brown

(C- 6 ) (5 YR 5 /6 )  , m odera te  brown (5 YR 3/4} and
d a rk  y e l l o w i s h  brown, w e a th e r s  m odera te  , 
brown (5 YR 3/4)  and o l i v e  g ra y  (5 Y 3 / 2 ) ;  
lower  1 . 0  f e e t  d a r k e r  brown i n  c o l o r ,  ve ry  
san d y ,  and w e a th e r s  crumbly 2 . 8

7 L im es to n e ,  medium g r a y , o l i v e  g ray  (5 Y 4 / 1 ) ,
(C- 6 ) and l i g h t  b row nish  g r a y ,  w e a th e r s  g r a y i s h

r e d  (5 R 4 / 2 ) ,  p a l e  y e l l o w i s h  brown, and 
d a rk  y e l l o w i s h  o ra n g e ,  medium- to  t h i c k -  
b ed d ed ,  v e ry  f o s s i l i f e r o u s ,  (8 .5  f e e t  above 
b a s e :  f i n e  c a l c i r u d i t e :  a r g i l l a c e o u s ,  e c h in o -  
derm -bryozoan  b i o m i c r u d i t e  w i t h  f i n e l y  d i s 
s e m in a te d  c l a y  i n  v e i n l e t s  o r  s t r i n g e r s ) , 
c o n t a i n s  s o l i t a r y  ru go se  c o r a l s , P u n c t o 
s p i r i f e r  , t r i l o b i t e  f r a g m e n ts ,  g a s t r o p o d s ,  
p r o d u c t i d s ,  s e v e r a l  p o l i s h e d  samples r e v e a l e d  
M i l l e r e l l a , upper  9 f e e t  exposed  i n  d i t c h  
w e s t  o f  E. W. T h o r n to n ' s  f e n c e ,  lower  2 f e e t  
o ccu r  i n  wash e a s t  o f  f e n c e ,  a l g a l  o n c o l i t h s  
p r e s e n t  i n  lower  p o r t i o n  o f  u n i t  11 .5

6  Covered ,  m easured  i n  wash l e a d in g  from d i t c h
(C- 6 ) exp o su re  to  n o r t h w e s t e r n  e x t r e m i t y  o f  q u a r r y

5 Sha le  and l im e s t o n e :  s h a l e ,  l i g h t  o l i v e  g ray
(C-5) (5 Y 5 /2 )  w e a th e r s  y e l l o w i s h  g ray  (5 Y 7 / 2 ) ,

s i l t y ;  l i m e s t o n e ,  medium d a rk  g r a y ,  w e a th e r s  
m odera te  brown (5 YR 4 /4 )  and g r a y i s h  o r a n g e ,  
r i c h  i n  f e n e s t r a t e  bryozoans,  c o n ta in s  onco
l i t h s ,  (Base:  f i n e  c a l c i r u d i t e :  l i m o n i t i c ,  
b ry o zo a n  b i o m i c r u d i t e  w i t h  f e n e s t r a t e  b r y o 
z o a n s ,  w ho le ,  sm a l l  b r a c h i o p o d s ,  ech inoderm  
p l a t e s ,  s o l i t a r y  c o r a l s ) ,  u pper  t w o - t h i r d s  
c o v e red  e x c e p t  a f t e r  heavy r a i n  1 .5

4 S h a le  and l im e s t o n e :  s h a l e ,  l i g h t  g ray  w i th
(C-5) s t r e a k s  o f  da rk  y e l l o w i s h  o r a n g e ,  w e a t h e r i n g

to  l i g h t  o l i v e  gray  (5 Y 5 / 2 ) ,  c la y  s h a l e ,  
u n i t  c o n t a i n s  lower  4 in c h e s  s h a l e ,  m idd le  2 
i n c h  l i m e s t o n e ,  and u p pe r  6  i n c h  s h a l e ;  l i m e 
s t o n e ,  medium d a rk  g r a y ,  w e a th e r s  m odera te  
brown (5 YR 4 / 4 ) ,  m odera te  y e l l o w i s h  brown, 
and g r a y i s h  o r a n g e ,  t h i n ,  even ,  ( s p a r s e  b r y o 
zoan m i c r i t e ,  w i t h  abou t  92% m i c r i t e ,  6 % 
f e n e s t r a t e  b r y o z o a n s ,  and 2 % echinoderm p l a t e s ) ,  
u n i t  exposed  i n  wash f a i r l y  n e a r  edge of 
q u a r r y

3 L im estone  w i t h  c la y  p a r t i n g s :  l i m e s t o n e ,
(C-4) medium d a rk  g r a y ,  w e a th e r s  medium g ray  and
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g r a y i s h  o ra n g e ,  v e ry  i r r e g u l a r l y - b e d d e d ,  
w e a t h e r s  r u b b l y ,  ( 2  f e e t  above b a s e :  m i c r i t i c  
a l g a l - b r y o z o a n  b i o l i t h i t e - b i o m i c r u d i t e  t r a n 
s i t i o n ,  w i t h  O s a g i a , and some A r c h a e o l i t h o 
p h y l lu m , a l s o  s t e n o p o r i d  and f i s t u l i p o r i d  
b r y o z o a n s ,  a l s o  M i c h e l i n i a . P u n c t o s p i r i f e r . 
ech inoderm  p l a t e s , and some development  of  
plumose O t t o n o s i a  c o l o n i e s ) ,  o c c u r s  d i r e c t l y  
above r im  of  q u a r r y  f a c e ,  t h i c k n e s s  up to  6 , 5

2 L im e s to n e ,  medium g ray  w e a th e rs  p a l e  y e l lo w -
(C-3) i s h  brown and g r a y i s h  o ra n g e ,  l a t e r a l l y  beds

t h i c k e n  and t h i n  r a p i d l y ,  t h i n -  to  medium- 
b ed ded ,  ev en-bedded  e x c e p t  u pper  2  f e e t  b e 
comes i r r e g u l a r ,  c o n t a i n s  abundant  P e n t r e m i t e s  
e s p e c i a l l y  n e a r  ba se  (Top: f i n e  c a l c i r u d i t e : 
b ry o zoan  b i o s p a r r u d i t e ) , o ccu rs  a t  top  o f  
q u a r r y  f a c e  i n  ex trem e n o r th w e s t  p o r t i o n  o f  
q u a r r y  6 . 5

1 L im e s to n e ,  medium l i g h t  g ra y ,  w e a th e r s  l i g h t
(C-3) o l i v e  g ra y  (5 Y 6 /1 )  g r a y i s h  o ra n g e ,  and y e l 

l o w i s h  g ra y  (5 Y 7 / 2 ) ,  bedd ing  somewhat u n d u l a 
t o r y ,  w e a t h e r s  crumbly a long bedd ing  p l a n e s  
due to  t h i n  ( 0 . 1  to  1  i n ch )  s h a l e  p a r t i n g s  b e 
tween b e d s ,  medium-bedded (3 f e e t  from b a s e :  
f i n e  c a l c i r u d i t e :  m i c r i t i c  ech inoderm  b i o 
s p a r r u d i t e ,  w i t h  f e n e s t r a t e  b r y o z o a n s ,  whole 
g a s t r o p o d s ,  o s t r a c o d e s )  q u i t e  f o s s i l i f e r o u s  
w i t h  g o n i a t i t e s ,  ech inoderm  f r a g m e n t s ,
M i c h e l i n i a . and s e v e r a l  l a r g e  unbroken c o l o 
n i e s  o f  f e n e s t r a t e  b ry o z o a n s ;  o c c u r s  as lo w e s t  
p o r t i o n  o f  q u a r r y  f a c e  9 .5

Measured S e c t i o n  19: T e n k i l l e r  Power S t a t i o n  Road

L o c a t i o n :  N E l /4 ,  N E l /4 ,  Sec. 22,  T. 13 N . , R. 21 E . ,
Sequoyah County ,  Oklahoma.

Measured S e c t i o n  19 i s  l o c a t e d  on n o r t h  s i d e  o f  a s p h a l t

ro ad  l e a d i n g  to  T e n k i l l e r - F e r r y  R e s e r v o i r  power s t a t i o n .

S e c t i o n  i s  0 .25  t o  0 .5  m i le s  e a s t  o f  Highway 100 commencing

a t  a p o i n t  0 .5  m i l e s  s o u t h  o f  i n t e r s e c t i o n  of  Highways 100

and lOA. The d e s c r i b e d  s e c t i o n  was m easured  a b o u t  75 to  100

y a r d s  w e s t  o f  a p ronounced  Atoka c h ann e l  a long  t h e  r o a d .
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S e c t i o n  m easured  and d e s c r i b e d  by David A. K o t i l a  i n  J u n e ,

1964.

UNIT DESCRIPTION THICKNESS (FEET)

Atoka  Form at ion

9 S a n d s to n e ,  medium d a rk  g r a y ,  w e a th e r s  moder
a t e  brown [5 YR 3 / 4 ) ,  o l i v e  g r a y  (5 Y 4 /1 )  
and d a rk  y e l l o w i s h  o ra n g e ,  v e ry  t h i c k - b e d d e d ,  
c o n g lo m e r a t i c  a t  b a s e ,  c o n t a i n s  i r o n s t o n e  
c o n c r e t i o n s ,  (Base: c o n g l o m e r a t i c ,  medium- 
g r a i n e d  s a n d s t o n e ,  w i t h  p e b b le s  of  c l a y -  
p h o s p h a t e ) , c l i f f - f o r m i n g  a p p ro x im a te ly  1 2 . 0

Morrow Form ation

8  S h a le  and s i l t s t o n e :  s h a l e ,  medium d a rk  g ray
w e a th e r s  d a r k  y e l l o w i s h  brown, abundan t  i r o n 
s t o n e  c o n c r e t i o n s  o f  s e v e r a l  sh a d es  o f  y e l l o w ,  
brown and o r a n g e ,  o c c u r s  i n  low er  5 f e e t  and 
u p p e r  3 f e e t ;  s i l t s t o n e ,  c o l o r  same as s h a l e ,  
p l a t y  t o  s h a l y  s p l i t t i n g ,  w i t h  abundan t  con
c r e t i o n s  18 .7

Remarks : Atoka c h ann e l  i s  c u t  i n t o  t h i s  
u n i t  which r ed u c es  t h e  t h i c k n e s s  to  
a p p ro x im a te ly  5 f e e t  a t  one p o i n t ,

7 L im es to n e ,  medium d a rk  g ray  w i t h  sa n d  s t r e a k s
o f  o l i v e  g ray  (5 Y 4 /1 )  w e a th e r s  medium l i g h t  
g ra y  w i t h  sand  s t r e a k s  o f  g r a y i s h  brown, v e ry  
i r r e g u l a r  upper  s u r f a c e ,  w e a t h e r s  r u b b l y  i n  
lower 3 i n c h e s ,  (Top: T .S .  A-138: A lg a l  b i o 
l i t h i t e  w i t h  C une iphycus) , a v e rag e  1 .5

6  L im es to n e ,  medium d a rk  g r a y ,  w e a th e r s  l i g h t
o l i v e  g ray  (5 Y 6 /1 )  , and d a rk  y e l l o w i s h  
o r a n g e ,  u n d u l a t o r y ,  w e a th e r s  smooth ,  f o s s i l i 
f e r o u s ,  a lg a e  i n c r e a s i n g  u pw ards ,  ( 1  f o o t  
above b a s e :  f i n e  c a l c i r u d i t e :  b ryo zo a n  b i o 
m i c r u d i t e :  w i t h  p l a t y  a l g a e ,  a l g a l  s t r o m a t o 
l i t e s ,  O s a g i a , e ch in o d erm s ,  g a s t r o p o d s ,  o s t r a -
c o d s ) ,  b l a s t o i d s ,  H u s t e d i a , S p i r i f e r  g o r e i i ;
c l i f f - f o r m i n g  4 .2

5 L im es tone  and s h a l e :  l i m e s t o n e ,  da rk  g r a y ,
w e a th e r s  medium l i g h t  g ray  and g r a y i s h  o r a n g e ,  
t h i n -  t o  medium-bedded,  ( 1  f o o t  above b a s e :
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f i n e  c a l c i r u d i t e ;  a r g i l l a c e o u s ,  b ryozoan-
ecMnoderm b i o m i c r u d i t e ,  w i th  O s a g ia ) ,
b r a c h i o p o d s ,  rugose  and t a b u l a t e  c o r a l s ;
s h a l e ,  y e l l o w i s h  g r a y ,  w ea th e rs  medium da rk
g r a y ,  s i l t y ,  u n d u l a t o r y ,  t h i c k e n s  and t h i n s
r a p i d l y ,  f o s s i l i f e r o u s ,  w i th  c r i n o i d  p l a t e s
and S p i r i f e r  g o r e i i  5 .2

S ha le  and a r g i l l a c e o u s  mudstone:  s h a l e ,  dark  
y e l l o w i s h  brown and d a rk  g ray  w e a th e rs  y e l l o w 
i s h  brown and g r a y i s h  r e d ,  o c cu rs  upp e r  5 
i n c h e s ;  m udstone,  p l a t y  and b r i t t l e  3 . 7

L im es tone ,  medium d a rk  g r a y ,  w ea the rs  medium 
l i g h t  g ray  and g r a y i s h  o ran g e ,  uneven, s c a t t e r e d  
a l g a l  o n c o l i t h s ,  ( f i n e  c a l c i r u d i t e ,  o o l i t i c :
T .S .  K-13: ech inoderm -bryozoan  b i o s p a r i t e ,  w i t h  
b r a c h i o p o d s ,  g a s t r o p o d s ,  O s a g ia ) ; a s i n g l e  b e d ,  
t h i c k n e s s  v a r i e s  from 0 .9  to  1 . 4 ,  av e rag e s  1 .2

Limestone and s i l t s t o n e :  l im e s t o n e ,  medium 
g r a y ,  w e a th e r s  medium l i g h t  g ray  and g r a y i s h  
o ra n g e ,  even -bed d ed ,  w e a th e r s  smooth,  f o s s i l i 
f e r o u s ,  ( 2  f e e t  above b a s e :  f i n e  c a l c i r u d i t e ,  
o o l i t i c ,  O s a g ia - c o a t e d ,  echinoderm b i o m i c r u d i t e ,  
w i t h  p o c k e t s  o f  g r a y i s h  b l a c k  c l a y ) ;  s i l t s t o n e ,  
medium g r a y ,  w e a th e r s  da rk  y e l l o w i s h  brown, 
a r g i l l a c e o u s ,  i r r e g u l a r  upper  s u r f a c e ,  (Top: 
i n t e r l a m i n a t e d  d a rk  y e l l o w i s h  brown l i m o n i t i c  
s i l t s t o n e  and g r a y i s h  b l a c k  o o l i t i c ,  f o s s i l i 
f e r o u s  s i l t s t o n e ,  w i t h  ech inoderm s ,  b ry o z o a n s ,  
O s a g ia )., t h i c k n e s s  o f  l im e s to n e  2 .0  f e e t ,  s i l t 
s t o n e  v a r i e s  from 0 .2  t o  1 .5  f e e t ,  av erage  f o r  
u n i t  2 .9

S h a le ,  m o t t l e d  m odera te  brown, g r a y i s h  brown, 
and o l i v e  g ray  (5 Y 4 / 1 ) ,  w e a th e r s  m odera te  
y e l l o w ' s h  brown and l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  
c o n t a i n s  i r o n s t o n e  c o n c r e t i o n s  10.7

Measured S e c t i o n  20: J a c k s o n  E s t a t e

L o c a t io n :  S E l /4 ,  S E l /4 ,  Sec. 26, T. 15 N . , R. 19 E . , Muskogee 
County, Oklahoma.

Measured s e c t i o n  20 i s  l o c a t e d  on th e  b l u f f s  a long  so u th

s i d e  o f  a bend in  th e  Arkansas  R iv e r  due n o r t h  of  t h e  Frank

J a c k s o n  E s t a t e .  I t  i s  b e s t  approached  by going to  n o r t h  end
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o f  co u n ty  ro ad  which bounds S e c t i o n s  35 and 36. At the  end 

o f  the  ro a d  t a k e  t h e  d r i v e  t o  t h e  l e f t  which l e a d s  to  th e  

J a c k s o n  E s t a t e .  Descend b l u f f s  due n o r t h  o f  house  and move 

l a t e r a l l y  abou t  f i f t y  y a rd s  to  w e s t .  S e c t i o n  measurements  

and d e s c r i p t i o n s  commence w i th  l im e s to n e  led g e s  d i r e c t l y  b e 

low p ro m in e n t  sandy l im e s to n e  c l i f f s .  S e c t i o n  m easured  and 

d e s c r i b e d  by David  A. K o t i l a  i n  March,  1963, and r e v i s e d  i n  

F e b r u a r y ,  1964.

UNIT DESCRIPTION THICKNESS (FEET)

Atoka Form ation

17 S a n d s to n e ,  l i g h t  o l i v e  g ray  (5 Y 6 /1)  w e a th e r s  
same, medium-bedded, c a l c a r e o u s ,  l o c a l l y  c r o s s 
bedded ,  ( f i n e -  to  m ed ium -gra ined  c a l c a r e o u s  
s a n d s t o n e ) ; Atoka-Morrow c o n t a c t  i s  cov e red  n o t

measured

Morrow Form ation

16 Covered ,  s h a l e  t a l u s ,  t h i c k n e s s  a p p ro x im a te ly  32 .0

15 L im es to n e ,  p a l e  b lu e  g ree n  w e a th e rs  l i g h t
o l i v e  g r a y  (5 Y 5 /2)  and y e l l o w i s h  g ray  (5 Y 
7 /2 )  changing  to  g r a y i s h  r e d  (5 Y 4 /2 )  upward, 
medium-bedded, e v en -b ed d ed ,  (Base:  c o a r s e  
c a l c a r e n i t e :  sandy ,  g l a u c o n i t i c ,  echinoderm 
b i o m i c r i t e ) , forms p ro m in e n t  l e d g e  w i t h  U n i t  
14 5 .4

14 L im es to n e ,  medium g ray  w e a th e r s  l i g h t  o l i v e
g ray  (5 Y 5 /2)  and p a l e  y e l l o w i s h  brown, medium- 
bedded ,  s l i g h t l y  un even-bedded ,  f o s s i l i f e r o u s ,
(3 .5  f e e t  above b a s e :  medium t o  c o a r s e  c a l 
c a r e n i t e :  p a r t l y  r e c r y s t a l l i z e d ,  b ryozoan  b i o 
m i c r i t e ,  w i t h  c o r a l  and echinoderm f r a g m e n t s ) ,  
r i c h  p r o d u c t i d  f au n a  i n  u pper  h a l f ,  l edge  
fo rm ing  8 . 0

13 L imestone  and s h a l e :  l i m e s t o n e ,  medium g ray
w e a th e r s  p a l e  y e l l o w i s h  brown, medium-bedded,
(Top: f i n e  c a l c i r u d i t e ;  l i m o n i t i c ,  s i d e r i t i c .
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b ry o z o a n - e c h in o d e r n  b i o m i c r u d i t e ,  w i th  p e l e -  
cypod f rag m e n ts  and t a b u l a t e  c o r a l s ) ,  p r o 
d u c t i d s ,  s p i r i f e r s ,  s o l i t a r y  c o r a l s ,  b l a s 
t o i d s ,  c r i n o i d  d e b r i s ,  b ry o z o a n s ;  b a s a l  
t h r e e  f e e t  and, upper  f o u r  f e e t  covered  1 1 . 8

Note :  T h is  u n i t  commonly forms a covered
s l o p e  w i t h  much s h a l e  in  t a l u s .  The 
m idd le  p o r t i o n  d e s c r i b e d  above i s  e x 
p osed  l o c a l l y ,  t h e  uppermost  bed o f  
w hich  p r o m in e n t ly  overhangs  up to  f o u r  
f e e t  and i s  g e n e r a l l y  slumped.

12 L im es tone  and s h a l e :  l i m e s t o n e ,  medium gray  
w i t h  rhombs o f  g r a y i s h  o r a n g e ,  w e a th e r s  y e l 
l o w is h  g ray  and p a l e  y e l l o w i s h  g r e e n ,  t h i n -  
b edded ,  even -b edd ed ,  f o s s i l i f e r o u s ,  (Top: 
f i n e  c a l c i r u d i t e :  e c h in o d e rm -b rac h io p o d -  
b ryozoan  b i o m i c r u d i t e ,  w i t h  s i d e r i t e ) ,  b r y o 
z o an s ,  S p i r i f e r , C om posi ta , C lad o ch on u s , Tham- 
n o p o r a , E u p a c h y e r i n u s ; s h a l e  i s  2 f e e t  t h i c k  
and c o n f i n e d  to  lower p a r t  o f  the  u n i t  4 .7

11 L im es to n e ,  medium l i g h t  g r a y ,  w e a th e rs  l i g h t
o l i v e  g ray  (5 Y 6 / 1 ) ,  medium-bedded, uneven- 
b edded ,  u n d u l a t o r y ,  w i t h  t h i n  s h a l e  p a r t i n g s ,  
a l g a l ,  (1 .5  f e e t  above b a se :  medium c a l c a r e 
n i t e :  l i m o n i t i c ,  b ry o zo an -ech in od erm  b i o m i c r i t e ,  
w i t h  2 % s i d e r i t e ,  p e le c y p o d  f rag m en ts  and c y 
l i n d r i c a l  a l g a e ) ,  co v e red  e x c e p t  where u n i t  1 0 , 
below i s  c l i f f - f o r m i n g  3 .5

10 L im es tone  and s h a l e :  l im e s t o n e ,  medium gray
and l i g h t  o l i v e  g ray  (5 Y 5 / 2 ) ,  w e a th e r s  l i g h t  
g r e e n i s h  g ray  (5 G 8 / 1 ) ,  y e l l o w i s h  g ra y  (5 
Y 7 /2)  and p a l e  y e l l o w i s h  brown, medium- 
b edded ,  even -bedded  b u t  becoming u n d u l a t o r y  
i n  upper  h a l f ,  sandy i n  middle  t h i r d ,  (4 f e e t  
above b a s e ;  f i n e  c a l c i r u d i t e :  p a r t i a l l y  r e 
c r y s t a l l i z e d  b rac h io p o d -e c h in o d e rm -b ry o z o a n  
b i o m i c r u d i t e ) , c l i f f - f o r m i n g  l o c a l l y  b u t  m o s t ly  
p o o r l y  exposed  to  co v e red ;  i n t e r b e d d e d  w i t h  1  

t o  2  i n c h ,  o l i v e  g ray  t o  l i g h t  o l i v e  gray  
s h a l e s  13 .8

9 L im es to n e ,  medium g ray  w e a th e r s  p a l e  y e l l o w 
ish. brown, t h i n -  to  medium-bedded, e v en -b ed d e d ,  
sandy  and becomes p r o g r e s s i v e l y  more sandy u p 
w ard ,  o o l i t i c  i n  upper  p o r t i o n ,  (3 f e e t  above 
b a s e :  c o a r s e  c a l c a r e n i t e :  s l i g h t l y  sandy ,  
a r g i l l a c e o u s ,  b ry o zoan -ech in o derm  b i o m i c r i t e ,
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w i t h  b r a c h io p o d  f r a g m e n t s ,  f o r a m i n i f e r s , and 
b l a c k  p h o s p h a t i c  g r a n u l e s ) , w e a th e r s  crumbly 
and c o v e re d  i n  most p l a c e s  e a ^ e p t  in  washes 8 . 9

L im e s to n e ,  medium g r a y ,  w e a th e r s  l i g h t  o l i v e
g ray  (5 Y 6 /1 )  and y e l l o w i s h  g ray  (5 Y 7/2.) ,
i r r e g u l a r  c l a y  p a r t i n g s ,  t h i n -  to  medium-
b e d d ed ,  (3 .5  f e e t  above b a s e :  f i n e  c a l c i r u -
d i t e :  s a n d y ,  g l a u c o n i t i c ,  echinoderm b i o -
s p a r r u d i t e ,  w i th  b ryozoans  and b ra c h io p o d s )  6 . 6

S a n d s to n e  and s h a l e  w i t h  e x t e n s i v e  d r i p s t o n e  
d e p o s i t s :  s a n d s t o n e ,  medium g ra y  w e a th e rs  
g r e e n i s h  g ray  (5 GY 6 /1 )  and y e l l o w i s h  g ray  
(5 Y 7 / 2 ) ,  t h i n -  and uneven b edded ,  has nodu
l a r  a p p ea ra n c e  ( n o d u le s :  f i n e - g r a i n e d ,  s p i c u -  
l i f e r o u s  s a n d s t o n e ) ,  (Base:  c a l c a r e o u s ,  a r g i l 
l a c e o u s ,  v e ry  f i n e - g r a i n e d  s a n d s t o n e ,  w i t h  25% 
v e ry  f i n e - g r a i n e d  b i o c l a s t i c  d e b r i s  and 2 % 
g l a u c o n i t e ) ,  i n t e r b e d d e d  w i th  t h i n ,  i r r e g u l a r  
and d i s c o n t i n u o u s ,  g r a y i s h  b l a c k  s h a l e s  which 
w e a t h e r  m odera te  o l i v e  brown; e x t e n s i v e  r e 
moval o f  l a r g e  p o c k e t s  o f  u n i t  by s o l u t i o n  
and e x t e n s i v e  d r i p s t o n e  d e p o s i t s  which ap p ea r  
to  be a lm os t  c o m p le te ly  c o n f i n e d  t o  t h i s  u n i t  5 . 8

Lim es tone  and s h a l e :  l i m e s t o n e ,  medium da rk
g r a y  w e a th e r s  l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,
a r g i l l a c e o u s ,  medium- and unev en -b ed ded ,  (Base:
f i n e  c a l c i r u d i t e  to  f i n e  c a l c a r e n i t e :  p o o r l y -
s o r t e d ,  a r g i l l a c e o u s ,  ech inoderm  b i o m i c r u d i t e ,
w i t h  b ryozoans  and b r a c h i o p o d s ) ,  p r o d u c t i d s ;
i n t e r b e d d e d  w i t h  t h i n ,  d i s c o n t i n u o u s  s h a l e s
which  a r e  da rk  g ray  w e a t h e r i n g  to  m odera te
o l i v e  brown; u n i t  r e s t s  d i r e c t l y  on u n i t  4
where s h a l e  i s  m is s in g  5 .5

S h a l e ,  g r a y i s h  b l a c k ,  p r e s e n t  on ly  i n  th e  low
s p o t s  on th e  u n d u l a t o r y  s u r f a c e  o f  u n i t  4 0 .4

Sandy l i m e s t o n e ,  l i g h t  g ray  and l i g h t  o l i v e  
g ray  (5 Y 6 / 1 ) ,  w e a th e r s  l i g h t  o l i v e  g ra y  e x 
c e p t  a t  top  o f  u n i t  where  i t s  p a l e  y e l l o w i s h  
brown, c o n g lo m e r a t i c  i n  lower 4 f e e t ,  sandy 
t h r o u g h o u t ,  t h i c k -  to  v e ry  t h i c k - b e d d e d ,  un
d u l a t o r y  a t  t o p ,  (0 .5  to  2 in c h e s  u n d u l a t o r y  
sand  l a y e r s  w hich  s t a n d  ou t  due to  d i f f e r e n 
t i a l  w e a t h e r i n g )  numerous s a n d - f i l l e d  burrows 
a t  t e n - f o o t  l e v e l ,  ( . 1  f o o t  above b a se :  f i n e  
c a l c i r u d i t e ;  s an d y ,  c o n g l o m e r a t i c ,  g l a u c o n i t i c ,  
ech inoderm  b i o s p a r r u d i t e ,  w i t h  25% f i n e - g r a i n e d
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q u a r t z  sand  and 1 0 % p e b b le s  a v e r a g in g  8  m i l l i 
m e te r s  i n  d i a m e t e r ,  w i th  p r o d u c t i d s , b r y o 
zoans)  c l i f f - f o r m i n g ,  t h i c k n e s s  v a r i e s  between 
23 and 27 f e e t ,  averag es  25.0

Conglom era te ,  l i g h t  o l i v e  g ray  w i th  p e b b le s  
p re d o m in a n t ly  o f  l i g h t  b ro w n ish  g r a y ,  w e a th e r s  
p a l e  y e l l o w i s h  brown and m odera te  y e l l o w i s h  
brown, i r r e g u l a r ,  s h a l y ,  s p l i t t i n g ,  [ c a l c a r e 
o u s ,  l i m o n i t i c ,  ph o sp h a te  p e b b le  c o n g lom era te  
w i th  p e b b le s  o f  p h o s p h a t i c  s h a l e ,  v e ry  f i n e 
g r a i n e d  p h o s p h a t i c  s a n d s t o n e ,  and p h o sp h a te  
p i s o l i t e s ,  i n  m a t r i x  o f  f i n e - g r a i n e d  sa n d  w i th  
s c a t t e r e d  ech inoderm  p l a t e s ) , c o n t a c t  w i th  
P i t k i n  c a l c i l u t i t e s  below i s  s h a r p ,  t h i c k n e s s  
v a r i e s  between 0 .1  and 0.9 f e e t ,  av e rag e s  0 .5

P i t k i n  Form ation

Limestone  and s h a l e :  l i m e s t o n e ,  medium g r a y ,  
w e a th e r s  medium l i g h t  g ray  and l i g h t  o l i v e  
gray  (5 Y 6 / 1 ) ,  e x t r e m e ly  i r r e g u l a r  and nodu
l a r ,  t h i n - b e d d e d ,  [ 1  f o o t  below to p :  f i n e  c a l -  
c i l u t i t e :  m i c r i t e  w i th  a few s c a t t e r e d  c r i n o i d  
stem p l a t e s ) , i n t e r b e d d e d  w i t h  i r r e g u l a r  
s h a l e s ,  g r a y i s h  b l a c k ,  w e a th e r in g  t o  o l i v e  
g ray ;  u n i t  i s  s l o p e - f o r m in g  and m os t ly  c o v e red  4 .4

L im es tone ,  medium l i g h t  g r a y ,  w e a th e r s  l i g h t
o l i v e  g ray  [5 Y 6 / 1 ) ,  medium- and e v e n -b e d d e d ,  
( w e l l - s o r t e d  o o s p a r i t e ) ; forms ledge  a t  b a se  
o f  th e  b l u f f s  s l i g h t l y  above f l o o d - p l a i n  l e v e l  
of  Arkansas  R i v e r ,  b a s e  n o t  exposed  3 .0

Measured S e c t i o n  21: Q u a l l s

L o c a t io n :  NWl/4, NWl/4, Sec. 35,  T. 15 N . , R. 21 E . , Cherokee 
County, Oklahoma.

Measured S e c t i o n  21 i s  l o c a t e d  a long b o t h  s i d e s  o f  a

s h o r t  NW to  SE t r e n d i n g  g r a v e l  ro ad .  Fol low g r a v e l  ro ad

bounding  s e c t i o n s  3 and 4 (T. 15 N . , R. 21 E . )  sou thw ard  from

s t a t e  Highway 10 and U.S. Highway 62 f o r  a p p r o x im a te ly  t h r e e

m i l e s ,  p ro c e e d  e a s t  on f i r s t  and on ly  s i d e  ro ad  f o r  3 .5  t o  4

m i l e s .  S t r a t a  a re  w e l l - e x p o s e d .  S e c t i o n  m easured  and des-



189
c r i b e d  by David A. K o t i l a  i n  J u l y ,  1963, and m od if ied  in

A ugus t ,  1965.

UNIT DESCRIPTION THICKNESS (FEET)

Atoka Form ation

24 S a n d s to n e ,  l i g h t  o l i v e  gray  (5 Y 6 / 1 ) ,  wea
t h e r s  m odera te  y e l l o w i s h  brown, ve ry  f i n e 
g r a i n e d ,  even-bedded n o t

measured

23 Conglom era te ,  l i g h t  o l i v e  g ray  (5 Y 5 / 2 ) ,  wea
t h e r s  p a l e  y e l l o w i s h  brown w i th  s p o t s  o f  da rk  
y e l l o w i s h  o range ,  uneven-bedded ,  (T.S. 70 5; 
f o s s i l i f e r o u s  p e b b le  c o n g lo m era te ,  w i th  2 0 % 
p e b b le s  o f  1 ) burrowed b i o m i c r i t e ,  2 ) sandy ,  
c o a t e d - o s t r a c o d a l  b i o m i c r i t e ,  and 3) p y r i t i c  
f i n e - g r a i n e d  s a n d s to n e ;  w i th  m a t r ix  o f  f i n e 
g r a i n e d  s a n d ,  ech inoderras ,  b ry o z o a n s ,  b r a c h i o -  
pod f r a g m e n t s ,  p l a t y  a l g a e ,  t r i l o b i t e  f r a g 
m en ts ,  g a s t r o p o d s ,  c o a t in g s  o f  O sag ia  and the  
f u s u l i n i d s ,  M i l l e r e l l a  and O z a w a in e l l a ) , p o o r ly  
exposed  0 .4

Morrow Form ation

22 S h a l e ,  medium d a rk  g r a y ,  w e a th e r s  l i g h t  o l i v e
g ray  (5 Y 5/2) 12.5

21 L im es ton e ,  medium l i g h t  g ray  and l i g h t  o l i v e
gray  (5 Y 6 /1)  , w e a th e r s  m odera te  orange p i n k ,  
uneven,  r u b b l y ,  c o n t a i n s  a l g a l  o n c o l i t h s ,  ( f i n e  
to  medium c a l c a r e n i t e :  p a r t l y  r e c r y s t a l l i z e d :  
mixed b i o m i c r i t e ;  w i th  sponge s p i c u l e s ,  f o r 
a m i n i f e r s ,  p r o d u c t i d  s p i n e s ,  g a s t r o p o d s ) ,  
s i n g l e  bed  1 .5

20 I n t e r b e d d e d  s h a l e  and sandy l im e s to n e :  l im e 
s t o n e ,  medium l i g h t  g ray  and g r a y i s h  o range ,  
w e a th e rs  p a l e  y e l l o w i s h  orange  and da rk  y e l 
lo w ish  o ra n g e ,  t h in - b e d d e d ,  even-bedded ,  sandy ,  
c o n ta in s  i r o n s t o n e  c o n c r e t i o n s ,  (4 f e e t  above 
b a s e :  f i n e  to  medium c a l c i r u d i t e :  sandy ,  a r g i l 
l a c e o u s ,  i n t r a c l a s t - b e a r i n g  O s a g ia - c o a t e d  b io -  
m i c r u d i t e ,  w i th  s a n d - f i l l e d  burrows and ech ino -  
de rm s , rugose  c o r a l s ,  b ryozoa)  6 . 2

19 L im es tone ,  medium l i g h t  g r a y ,  w e a th e r s  g r a y i s h
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o r a n g e ,  medium-bedded, even -b ed ded ,  with, s h a l e  
p a r t i n g s ,  f o s s i l i f e r o u s ,  (3 f e e t  above b a se :  
f i n e  c a l c i r u d i t e :  a r g i l l a c e o u s ,  ech inoderm  
b i o m i c r u d i t e ,  w i t h  b ry o zo a ,  p e le c y p o d ,  Cunei-  
phycus o n c o l i t h s ,  b ra c h io p o d  f r a g m e n t s ) ;  
b l a s t o i d s ,  l a r g e  c r i n o i d  arm p l a t e s  and cup 
p l a t e s ,  p r o d u c t i d s ;  l e d g e - f o r m in g ,  w e a th e r s  
smooth 5 . 1

18 L im es to n e ,  medium g r a y ,  w e a th e rs  m odera te  y e l 
lo w ish  brown (10 YR 5 / 4 ) ,  f i n e  c a l c i r u d i t e :  
b ryozoan  b i o m i c r u d i t e :  w i th  echinoderm p l a t e s ,  
g a s t r o p o d s ,  f o r a m i n i f e r s ) , w e a th e r s  rough 1 . 2

17 L im es to n e ,  medium da rk  g r a y ,  w e a th e r s  l i g h t
g r a y ,  l i g h t  o l i v e  g ray  (5 Y 6 /1)  and g r a y i s h  
o ra n g e ,  t h i n - b e d d e d ,  bedding  i r r e g u l a r  and 
u n d u l a t o r y ,  r a p i d l y  t h i c k e n s  and t h i n s  l a t e r 
a l l y ,  w i t h  t h i n  s h a l e  p a r t i n g s ,  f o s s i l i f e r o u s ,
(9 f e e t  above b a s e :  f i n e  to  medium c a l c i r u 
d i t e :  f o s s i l i f e r o u s ,  p e l l e t - b e a r i n g  i n t r a -  
m i c r u d i t e ,  w i t h  a l g a e ,  f e n e s t e l l i d  b ry o z o a n s ,  
ru g ose  c o r a l s ,  e n c r u s t i n g  f o r a m i n i f e r s ) ,
C o m po s i ta , Edmondia, C h a e t e t e s , L i t h o s t r o - 
t i o n e l l a , p r o d u c t i d s , P e n t r e m i t e s  r u s t i c u s , 
s h r i n k a g e  c r a c k s ,  l e d g e - f o r m in g ,  w e a th e r s  
smooth 16 .1

Remarks: T h is  u n i t  i s  complex c a r b o n a t e
development  c o n s i s t i n g  o f  i n t e r l e n s i n g  
and i n t e r f i n g e r i n g  i n t r a m i c r u d i t e s , p e l -  
m i c r i t e s ,  and a l g a l  b i o l i t h i t e s ,  t h e  
l a t t e r  e s p e c i a l l y  common i n  lower  f i v e  
f e e t .

16 L im es to n e ,  l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  and
medium l i g h t  g ray  w e a th e rs  y e l l o w i s h  g ray  
(5 Y 7 / 2 ) ,  bedd ing  l e n t i c u l a r  and u n d u l a t o r y ,
m i c r i t e  a t  b a se  g r a d in g  upward i n t o  o o s p a r i t e ,
(Top: T .S .  697: c o a r s e  c a l c a r e n i t e :  w e l l -
s o r t e d  o o s p a r i t e  w i th  e x c e l l e n t  c o n c e n t r i c  
and r a d i a l  s t r u c t u r e s ,  d rusy  c o a t i n g s  o f  c a l -  
c i t e ) ; p r o d u c t i d s  and P e n t r e m i t e s  r u s t i c u s , 
t h i c k n e s s  v a r i e s  between 2 .0  and 4 .1  f e e t ,  
a v e rag e s

15 L im es to n e ,  medium l i g h t  g ray  w e a th e r s  to  g r a y 
i s h  o r a n g e ,  t h in - b e d d e d ,  ev en -b ed d e d ,  s h a l e  
p a r t i n g s ,  ( 1  f o o t  below to p :  f i n e  c a l c i r u d i t e :  
p a r t l y  r e c r y s t a l l i z e d ,  b ryozoan  b i o m i c r u d i t e ;  
w i th  p l a t y  a l g a e ,  ech ino d erm s ,  g a s t r o p o d s .

3.4
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b r a c h io p o d  and t r i l o b i t e  f r a g m e n t s ) ,  S p i r i f e r  4 .6

14 S i l t s t o n e ,  l i g h t  o l i v e  g ray  (5 Y 5 / 2 ) ,  wea
t h e r s  p a l e  y e l l o w i s h  brown, t h i n -  to  v e ry
t h in - b e d d e d ,  s h a l y ,  f o s s i l i f e r o u s ,  ( 8  f e e t  
above b a s e :  c a l c a r e o u s  s i l t s t o n e  w i t h  s p a r s e  
f o s s i l s  and p a l e  y e l lo w  m ica  f l a k e s ) , numer
ous p r o d u c t i d s  b u t  m o s t ly  c ru s h e d ,  i n t e r b e d d e d  
w i t h  o l i v e  gray  (5 Y 4 /1 )  s h a l e  11 .3

13 Covered 16 .5

12 L im es tone ,  medium l i g h t  g r a y ,  w e a th e r s  o l i v e
g ray  (5 Y 4 / 1 ) ,  and g r a y i s h  o ra n g e ,  t h i n -  to  
medium-bedded, bedd ing  p l a n e s  h i g h l y  i r r e g u 
l a r ,  (5 f e e t  from b a s e :  f i n e  c a l c i r u d i t e :  
b ry ozoan-ech inoderm  b i o m i c r u d i t e :  w i th  b r a c h 
iopods  and g o n i a t i t e s ) , p o o r l y  exposed  9 . 6

Remarks: U n i t s  11,  10, 9 ,  8 , 7 a r e  e x 
posed on so u th w e s t  s i d e  o f  ro ad .

1 1  L im es to ne ,  medium l i g h t  g ray  and l i g h t  o l i v e
g ray  (5 Y 6 / 1 ) ,  w e a th e r s  p a l e  y e l l o w i s h  brown 
and y e l l o w i s h  g ray  (5 Y 7 / 2 ) ,  t h i n -  to  medium- 
bedded ,  sandy a long  bed d ing  p l a n e s ,  (Top: f i n e  
c a l c i r u d i t e :  a r g i l l a c e o u s ,  a l g a l  i n t r a m i c r u -  
d i t e :  w i th  A r c h a e o l i t h o p h y l lu m ) , p r o d u c t i d s ;  
c o n t a c t s  above and below u n i t  a re  u n d u l a t o r y ,  
l e d g e - f o rm in g  4 .5

10 Covered 11 .2

9 Sandy l im e s to n e  and s a n d s to n e :  l i m e s t o n e ,
medium l i g h t  g ra y ,  w e a th e r s  p a l e  y e l l o w i s h  
brown, t h i n - b e d d e d ,  ( 2  f e e t  above b a s e :  c o a r s e  
c a l c a r e n i t e :  sandy ,  p o o r l y - s o r t e d ,  o o l i t e -  
b e a r i n g ,  echinoderm b i o s p a r u d i t e : w i t h  b r y o 
zoans ,  b r a c h i o p o d s ,  g o n i a t i t e s ) ;  s a n d s t o n e ,  
medium l i g h t  g r a y ,  w e a th e r s  l i g h t  o l i v e  g ray  
(5 Y 5 / 2 ) ,  f i n e - g r a i n e d ,  f o s s i l i f e r o u s  2 .4

8  S a n d s to n e ,  ve ry  p a l e  o range  w e a th e r s  o l i v e
g ray  (5 Y 4 / 1 ) ,  and d a rk  y e l l o w i s h  o ra n g e ,  
medium- and ev en-bedded ,  (Top: f i n e - g r a i n e d ,  
g l a u c o n i t i c ,  s l i g h t l y  c a l c a r e o u s  s a n d s t o n e ,  
w i t h  some seco n d a ry  q u a r t z  o v e r g r o w t h s ) ; 
c o a te d  w i th  l i c h e n s ,  forms s l i g h t  ledge  3 .9

7 L im es tone ,  medium g r a y ,  w e a th e r s  medium da rk
g ray  and p a l e  y e l l o w i s h  o r a n g e ,  e v en -b ed d ed .
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a r g i l l a c e o u s  a long  bedd ing  p l a n e s ,  ( c o a r s e  
c a l c a r e n i t e ;  o o l i t i c ,  b r y o z o a n - t r i l o b i t e  
b i o m i c r i t e ,  with, e c h in o d e rm s ,  p l a t y  a l g a e ,  
e n c r u s t i n g  f o r a m i n i f e r s ) ,  p o o r l y  exposed  1 . 3

Covered 1 8 .3

Remarks: U n i t s  5, 4, 3, 2, and 1 a re
m easu red  n o r t h e a s t  o f  road .

C o n g lo m era te ,  p o o r l y  exp osed ,  found on ly  in  
d i t c h  n o r t h e a s t  o f  r o a d ,  p a r t l y  c o n c e a le d  
by clump o f  t r e e s ,  c o n s p i c u o u s ly  marked by 
l i m e s t o n e  and c o n g lo m era te  r u b b le  p i l e  n o r t h  
o f  t r e e s ,  (Base:  T .S .  706: f o s s i l i f e r o u s ,  
l i m e s t o n e  p e b b le  c o n g lom era te  w i t h  f i n e 
g r a i n e d  sand  m a t r i x ) ,  t h i c k n e s s  v a r i e s  0 . 1  t o  
0 . 9 ,  a v e ra g e s  0 .4

Remarks : C o n ta c t  be tw een  u n i t s  5 and 4
. i s  we lded  c o n t a c t  o f  Morrow and P i t k i n  

F o r m a t io n s ,  and t h i n - s e c t i o n  696 i s  from 
t h i s  c o n t a c t .  For  d i s c u s s i o n  o f  t h i n  
s e c t i o n  o f  welded  c o n t a c t  see  d i s c u s s i o n  
o f  P i tk in -M o r ro w  c o n t a c t  i n  t e x t .

P i t k i n  Fo rm a t io n

L im e s to n e ,  medium g r a y ,  w e a th e r s  l i g h t  g ray  
and l i g h t  o l i v e  g ra y  (5 Y 5 / 2 ) ,  u n d u l a t o r y ,  
e ro d e d  u p p e r  s u r f a c e  cau se s  t h i c k n e s s  v a r i a 
t i o n  r a n g in g  from 0 .3  t o  1 .2  f e e t ,  (Top: 
medium c a l c a r e n i t e :  T .S ,  K-9: i n t e r f i n g e r i n g  
p e l m i c r i t e  and o o m i c r i t e ;  w i t h  e ro ded  s u r 
f a c e s ,  a l g a l  e n c r u s t a t i o n s ,  b r y o z o a n ,  e c h i n o 
derms,  b r a c h i o p o d s ,  f o r a m i n i f e r s )  0 . 8

L im e s to n e ,  l i g h t  b ro w n ish  g ra y  and g r a y i s h  
o r a n g e ,  w e a th e r s  l i g h t  o l i v e  g ray  (5 Y 6/1)  
and p a l e  y e l l o w i s h  brown, l e n t i c u l a r ,  u n d u l a 
t o r y ,  ( f i n e  c a l c i r u d i t e ;  sandy b i o s p a r r u d i t e ,  
w i t h  e ch in o d e rm s ,  b r y o z o a n s ,  b r a c h io p o d s )  1 . 2

L im e s to n e ,  medium g ray  w i th  s t r e a k s  o f  p a l e  
y e l l o w i s h  o r a n g e ,  w e a th e r s  l i g h t  o l i v e  g ray  
(5 Y 6 / 1 ) ,  w i th  s p o t s  o f  da rk  y e l l o w i s h  o ra n g e ,  
medium-bedded,  e v en -b ed ded ,  (Top: f i n e  c a l 
c a r e n i t e ;  f o s s i l - b e a r i n g  o o s p a r i t e ) ;  l e d g e -  
f o r m in g ,  c o n t a c t  be tween u n i t s  1  and 2  con
c e a l e d  5 .1
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L im es to n e ,  medium g r a y ,  w e a th e r s  medium l i g h t  
g r a y  and g r a y i s h  o r a n g e ,  medium-bedded, (Top: 
v e ry  f i n e  to  medium c a l c a r e n i t e ;  c u r r e n t -  
s o r t e d ,  u n d u l o s e - l a m i n a t e d ,  f o s s i l - b e a r i n g  
p e l s p a r i t e ) , b a se  n o t  exposed

Remarks: U n i t  1 c o n s i s t s  o f  a complex
i n t e r f i n g e r i n g  c a r b o n a t e  u n i t  w i t h  p e l -  
s p a r i t e s ,  p e l m i c r i t e s ,  o o m i c r i t e s  and 
o o s p a r i t e s .

Measured S e c t i o n  22: Braggs Mountain

L o c a t io n :  NWl/4, NWl/4, Sec. 28, T. 15 N . , R. 20 E . , Muskogee 
County ,  Oklahoma.

Measured S e c t i o n  22 i s  l o c a t e d  on e a s t  s i d e  o f  S t a t e  

Highway 10,  6  to  6 - 1 /2  m i l e s  n o r t h  o f  B raggs ,  Oklahoma, n e a r  

top  o f  long  w ind ing  h i l l .  The Morrow-Atoka c o n t a c t  i s  j u s t  

below top  o f  th e  long  h i l l ,  and t h e  r em a in d e r  o f  t h e  s e c t i o n  

i s  l o c a t e d  f a r t h e r  down h i l l .  S e c t i o n  m easured  and d e s c r i b e d  

by David 'A .  K o t i l a  in  J u l y ,  1962 and A p r i l ,  1963, and r e v i s e d  

i n  A p r i l ,  1965.

UNIT DESCRIPTION THICKNESS (FEET)

A toka  Form ation

20 S a n d s to n e ,  d a rk  y e l l o w i s h  brown, w e a th e r s
m odera te  y e l l o w i s h  brown, medium- and even-  
bedded ,  ( l i m o n i t i c ,  m ed ium -gra ined  s a n d s t o n e )  , 
l e d g e - f o rm in g  n o t

m easu red

Morrow Form ation

19 Covered ,  b u t  s h a l e  i n  d i g g i n g s ,  l i g h t  o l i v e
g ray  7 . 0

18 L im es ton e ,  l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  g r a y 
i s h  r e d  (5 YR 5 / 2 ) ,  and p a l e  brown, w e a t h e r s
m odera te  y e l l o w i s h  brown, and v e ry  dusky r e d ,  
medium-bedded, v e r y  f o s s i l i f e r o u s ,  (Top: f i n e -  
medium c a l c i r u d i t e :  h e m a t i t i c  b ryozoan
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b i o m i c r u d i t e ,  w i t h  A n t i q u a t o n i a , Com posi ta ,
S p i r i f e r  g o r e i i , M i c h e l i n i a , s o l i t a r y  c o r a l s ,
m i c r i t i c  m a t r i x  be in g  r e p l a c e d  by h e m a t i t e ) ,
edgewise  p e b b le s  o f  m i c r i t e  0 .5  to  2 in ches
long and 0 .25  to  0 .50 in c h  wide occu r  2 f e e t
from t o p ,  forms led ge  o r  bench i n  d i t c h  w es t
o f  ro ad  n e a r  top  o f  h i l l  5 . 3

17 S h a l e ,  o l i v e  g ray  [5 Y 4 / 1 ) ,  w e a th e r s  da rk
y e l l o w i s h  brown and y e l l o w i s h  g ray  (5 Y 7 / 2 ) ,
t h i n  s i l t s t o n e  n e a r  t o p ,  u n i t  m o s t ly  co v e red  19.0

16 Limestone l i g h t  o l i v e  g ray  (5 Y 6/1)  , wea
t h e r s  o l i v e  g ray  (5 Y 4 / 1 ) ,  medium-bedded,  
ev en -bedded ,  f o s s i l i f e r o u s  (2 .5  f e e t  below 
to p ;  f i n e  c a l c i r u d i t e :  b ryozoan-ech inoderm  
b i o s p a r r u d i t e ,  w i t h  b r a c h i o p o d s ,  M i l l e r e l l a ,
M i c h e l i n i a , s o l i t a r y  c o r a l s ,  C lad o ch on u s , p l a t y
a l g a e ,  b l a s t o i d s ) , forms two sm a l l  l ed g e s  i n
d i t c h  on e a s t  s i d e s  o f  ro ad  4 .6

15 Covered ,  s h a l e  found i n  d i g g i n g s ,  t o t a l  i n t e r 
v a l  t h i c k n e s s  c a l c u l a t e d  t r i g o n o m e t r i c a l l y  
and by use  o f  p l a n e  t a b l e  22.5

14 L im es tone ,  l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  wea
t h e r s  p a l e  y e l l o w i s h  brown, g r a y i s h  o ra n g e ,  
and y e l l o w i s h  g ray  (5 Y 8 / 1 ) ,  t h i n -  to  medium- 
bedded ,  u n d u l a t o r y  i n  lower  p o r t i o n ,  s l i g h t l y  
sandy i n  upper  p a r t ,  (Base: f i n e  c a l c i r u d i t e :  
ech inoderm -bryozoan  b i o s p a r r u d i t e ,  w i th  some 
p l a t y  a l g a e ) , forms l e d g e s  on h i l l s i d e  h ig h  
above l e v e l  o f  Highway 10 8.5

Remarks: U n i t s  1-14 a re  measured  on e a s t
s i d e  o f  Highway 10 p e r p e n d i c u l a r  t o  h i g h 
way a t  p o i n t  a p p ro x im a te ly  where P i t k i n -  
Morrow c o n t a c t  i n t e r s e c t s  r o a d .  U n i t s  
16-20 a re  measured  on e a s t  s i d e  a l s o ,  
b u t  f a r  ( 1 0 0 0  f e e t )  to  so u th  n e a r  top o f  
h i l l .  Covered i n t e r v a l  be tween and l i n k 
in g  t h e s e  p a r t i a l  ex posu res  was d e t e r 
mined by p l a n e  t a b l e  mapping and t r i g o n o 
m e t r i c  c o m p u ta t io n s .

13 Covered 9.0

12 L im es tone ,  l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  l i g h t
g r a y ,  and g r a y i s h  o r a n g e ,  w e a th e rs  d a rk  y e l l o w 
i s h  brown and g r a y i s h  o ran g e ,  t h i n -  and even- 
bedded i n  lower p a r t ,  upp e r  3.5  f e e t  t h i n -  to
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medium-b edded ,  i r r e g u l a r l y  b ed d ed ,  r u b b l y ,
C6  f e e t  above b a s e :  f i n e  c a l c i r u d i t e :  
e c h in o d e r m - b r y o z o a n - a lg a l  b i o m i c r u d i t e ,  
p a r t i a l l y  r e c r y s t a l l i z e d ,  with. A r c h a e o l i t l i o  ̂
phyl lum m i s s o u r i e n s i s  and b r a c h i o p o d s ) , [ 2  

f e e t  below to p :  m i c r i t i c  a l g a l  b i o l i t h i t e  
and p a r t l y  r e c r y s t a l l i z e d  b i o m i c r u d i t e :  w i t h  
Cuneiphycus) ; u n i t  g e n e r a l l y  p o o r l y  exposed  11 .7

11 L im es tone ,  medium g ray  and l i g h t  o l i v e  g ray  
(5 Y 6 / 1 ) ,  w e a th e r s  g ray ish ,  o r a n g e ,  t h i n -  to  
medium-bedded, somewhat r u b b l y ,  lower  beds 
u n d u l a t o r y ,  p l a t y  s p l i t t i n g ,  [4 f e e t  above 
b a s e :  f i n e  c a l c i r u d i t e :  b ryo zo an  b i o s p a r r u d i t e ,  
w i t h  A r c h a e o l i t h o p h y l lu m  m i s s o u r i e n s i s ,  b r a c h -  
i o p o d s ,  t r i l o b i t e  f r a g m e n t s ) , v e r y  f o s s i l i f e r -  
ous w i th  M i c h e l i n i a ,  S c h i z o p h o r i a , Com posi ta ,  
Rhynchopora , P u n c t o s p i r i t e r , A n t i q u a t o n i a ,Spirifer, IHustedia, forms prominent ledge on 
hillside east of Highway 10 and east of fence 7.8

1 0  Covered 6 . 6

9 L im es tone ,  l i g h t  o l i v e  g r a y  (5 Y 6 / 1 ) ,  wea
t h e r s  m odera te  y e l l o w i s h  brown, t h i n -  and 
ev en -bedded ,  sandy a long  b e d d in g  p l a n e s ,  (Top: 
medium c a l c a r e n i t e :  s a n d y ,  m i c r i t i c ,  b ry o zo a n -  
echinoderm b i o s p a r i t e :  w i t h  A rch aeo 1i t h o p h y 1lum, 
o s t r a c o d e s ) , forms s l i g h t  l e d g e  n e a r  f e n c e  5 .3

8  Covered, b u t  l i g h t  o l i v e  g ra y  (5 Y 6 / 1 ) ,  s h a l e
found by d ig g in g  7 .0

7 L im es to ne ,  l i g h t  o l i v e  g ra y  (5 Y 6 / 1 ) ,  w e a th e r s
p a l e  y e l l o w i s h  brown, and m odera te  y e l l o w i s h  
brown, t h in - b e d d e d ,  ev en ,  ( 2  f e e t  above b a s e :  
p a r t l y  r e c r y s t a l l i z e d  b ryozoan  b i o l i t h i t e ,  
l o n g ,  d e l i c a t e  f e n e s t e l l i d  b ry o zo an s  c o m p r i s in g  
framework,  w i t h  t r i l o b i t e  and b r a c h i o p o d  f r a g 
m e n t s ) ,  e xp o su re  p o o r  6 , 1

6  L im es tone ,  medium g r a y ,  w e a th e r s  m o d era te  y e l 
low ish  brown, medium- and e v e n -b ed d e d ,  (3 f e e t  
above b a s e :  c o a r s e  c a l c a r e n i t e :  l i m o n i t i c ,  
t i g h t l y - p a c k e d ,  ech inoderm  b i o m i c r i t e ) , 
s l i g h t l y  p i t t e d  a p p e a ra n c e ,  forms upperm ost  
l edge  o f  c l i f f  ex posu re  a long  ro a d  4 .2

5 S h a l e ,  o l i v e  b l a c k ,  w e a th e r s  m od era te  y e l l o w 
i s h  brown, c a l c a r e o u s ,  u p p e r  few in c h e s  e x 
t r em ely  r i c h  i n  Thamnopora, u n i t  exposed  on
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c l i f f  by r o a d s i d e  and o v e r l y i n g  u n i t s  commonly 
overhang i t  1 to  3 f e e t  1 . 6

L im es to n e ,  ve ry  l i g h t  g r a y ,  l i g h t  g r a y ,  l i g h t  
o l i v e  g ray  [5 Y 6 /1 )  , and y e l l o w i s h  g ray  (5 
Y 7 / 2 ) ,  w e a th e r s  o l i v e  g ray  (5 Y 4 / 1 ) ,  y e l l o w 
i s h  g ray  (5 Y 8 / 1 ) ,  and d a rk  y e l l o w i s h  o ra n g e ,  
t h i c k -  t o  v e ry  th i c k - b e d d e d ,  l o c a l l y  somewhat 
c r o s s - b e d d e d ,  v e ry  sandy w i th  sand  c o n t e n t  in  
b a s a l  4 to  5 f e e t  g r a d a t i o n a l  be tween c a l 
ca reo u s  s a n d s t o n e ,  and ve ry  sandy l i m e s t o n e ,  
s and  d e c r e a s e s  upward (Base; f i n e - g r a i n e d ,  
f o s s i l i f e r o u s  s a n d s t o n e ) ,  ( 6  f e e t  above b a s e :  
s a n d y ,  b ryozoan  b i o s p a r r u d i t e ,  w i t h  echinoderm 
f r a g m e n t s ,  b r a c h io p o d  and g a s t r o p o d  f r a g m e n t s ) ,
(Top: b r y o z o a n - a l g a l  b i o l i t h i t e ,  w i t h  f i s t u l i -  
p o r i d ,  s t e n o p o r i d ,  f e n e s t e l l i d  b ry o z o a n s ,  
A rc h a e o l i t h o p h y l lu m  m i s s o u r i e n s i s , b r a c h i o p o d s ,  
g a s t r o p o d s ) , c l i f f - f o r m i n g  15 .2

Conglom era te ,  l i g h t  o l i v e  g r a y  (5 Y 6 / 1 ) ,  
w e a th e r s  p a l e  y e l l o w i s h  brown, t h i c k n e s s  v a r i e s ,  
( p h o s p h a t i c ,  f o s s i l i f e r o u s ,  p e b b le  c o n g lo m e r a te ,  
w i t h  p e b b le s  o f  s i l t s t o n e  s a n d s t o n e ,  s h a l e ,  and 
m i c r i t e ,  a l l  q u i t e  p h o s p h a t i c ,  m a t r i x  i s  i n t e r 
l a m i n a t e d  l i m o n i t i c  s a n d s t o n e ,  and sandy b i o 
s p a r r u d i t e )  ; P i tk in -M orro w  c o n t a c t  s h a r p ,  t h i c k 
n e s s  v a r i e s  0 . 1  t o  1 . 2  f e e t ,  a v e ra g e s  0 . 4

Remarks: The P i tk in -M o rro w  c o n t a c t  i s  a
welded  c o n t a c t  i n  a few p l a c e s .  A d e s 
c r i p t i o n  o f  t h i n  s e c t i o n  t a k e n  a t  welded  
c o n t a c t  f o l l o w s .  ( D i r e c t l y  below c o n t a c t :  
f ine-m edium  c a l c a r e n i t e :  p a r t l y  r e c r y s t a l 
l i z e d  m i c r i t i c  o o s p a r i t e ;  c o n t a i n i n g  70% 
o o l i t e s ,  15% s u p e r f i c i a l  o o l i t e s ,  and 15% 
f o s s i l  f r a g m e n ts ,  some c o a t e d ) ;  ( d i r e c t l y  
above c o n t a c t :  f o s s i l i f e r o u s ,  bu rrow ed ,  
p e b b le  c o n g lo m e ra te ,  w i th  m a t r i x  o f  f i n e 
g r a i n e d  sand  and m ed ium -gra ined  b i o c l a s t i c  
d e b r i s ,  c o n t a i n i n g  p e b b le s  o f  f i n e  s a n d 
s t o n e ,  a r g i l l a c e o u s ,  micaceous s i l t s t o n e ,  
and p h o s p h a t e ) , t h e  c o n t a c t  i t s e l f  i s  a 
v e ry  i r r e g u l a r  s u r f a c e ,  c o a te d  w i t h  l imon- 
i t e  l a y e r ,  d i s p l a y i n g  t r u n c a t e d  o o l i t e s  o f  
t h e  P i t k i n .  The c o n t a c t  i s  a l s o  c h a r a c 
t e r i z e d  by b u r ro w s ,  w i t h  burrows f i l l e d  i n  
w i t h  o v e r l y i n g  m a t e r i a l  (Morrow) in  a s w i r l  
e f f e c t  w i t h  a l t e r n a t i n g  l a y e r s  o f  v e ry  f i n e  
sand  i n  c l a y - m i c r i t e  m a t r i x ,  and c la y -  
m i c r i t e  l a y e r s  n e a r l y  d e v o id  o f  sand .  For
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f u r t h e r  e x p l a n a t i o n  s e e  d i s c u s s i o n  
of  P i tk in -M o rro w  c o n t a c t  i n  t e x t .

P i t k i n  Fo rm at ion

L im es to n e ,  l i g h t  o l i v e  g ray  (5 Y 6 /1 )  and p a l e  
y e l l o w i s h  brown, w e a t h e r s  o l i v e  g ray  [5 Y 4 /1 )  
and g ray ish ,  o r a n g e ,  t h i c k -  to  ve ry  t h i c k -  
bedded ,  b o t to m  u n d u l a t o r y ,  [Top: medium c a l 
c a r e n i t e :  w e l l - s o r t e d  o o s p a r i t e ) ,  [ 1  f o o t  
above b a s e :  f i n e  c a l c i r u d i t e :  p o o r l y - s o r t e d ,  
o o l i t i c ,  b ry o z o a n -e c h in o d e rm  b i o s p a r r u d i t e )  
w i t h  A rc h im e d e s . c l i f f - f o r m i n g  10 .8

L im es to n e ,  medium g r a y ,  w e a th e r s  m odera te  
y e l l o w i s h  b ro \m ,  t h i n -  and i r r e g u l a r l y - b e d d e d ,  
r u b b l y ,  [ f i n e  c a l c a r e n i t e :  s p i c u l i f e r o u s  m i
c r i t e  w i t h  l e n s e s  o f  a r g i l l a c e o u s  g l a u c o n i t i c  
b i o m i c r i t e ) , i n t e r b e d d e d  w i t h  t h i n ,  i r r e g u l a r  
s h a l e  3 . 2

Measured S e c t i o n  23: Ryder M ounta in

L o c a t i o n :  NWl/4, N E l /4 ,  S E l / 4 ,  Sec.  9 T. 15 N . , R. 21 E . , 
Cherokee County ,  Oklahoma.

Measured S e c t i o n  23 i s  s i t u a t e d  on s o u t h  s i d e  o f  ro ad  

a lo n g  d i t c h  and below c r e s t  o f  h i l l .  U n i t s  16-19 a r e  mea

s u r e d  and d e s c r i b e d  from d i t c h  j u s t  s o u t h  o f  r o a d ;  u n i t s  15- 

16 a r e  exposed  a long  th e  s l i g h t  wash between d i t c h  and edge 

o f  h i l l - s l o p e ;  u n i t s  11-14 a r e  exposed  on s t e e p  s l o p e  from 

h i l l t o p  to  t r a c t o r  ro a d  s o u t h  o f  [and p a r a l l e l  to )  main r o a d ;  

u n i t s  7-10 a re  exposed  on g r a s s y  s l o p e  s o u th  o f  t r a c t o r  ro a d ;  

u n i t s  1 - 6  a r e  l o c a t e d  a long  i n t e r m i t t e n t  s t r e a m  s o u t h  and 

e a s t  o f  h i l l s i d e ,  u n i t  1 b e in g  f a r t h e s t  downstream. S e c t i o n  

m easured  and d e s c r i b e d  by David  A. K o t i l a  i n  S e p tem b er ,  1963, 

and m o d i f i e d  i n  March,  1964.
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UNIT DESCRIPTION THICKNESS (FEET)

Atoka  Fo rm a t ion

19 S a n d s to n e ,  m odera te  y e l l o w i s h  brown, wea
t h e r s  m odera te  brown (5 YR 4 /4 )  and m oder
a t e  r e d d i s h  brown, f i n e -  t o  v e ry  f i n e 
g r a i n e d ,  p o o r l y  e x p osed ,  o c c u r s  a long  s o u t h  
s i d e  o f  ro ad  i n  d i t c h  a lm os t  a t  top o f  h i l l  n o t

m easured

Morrow Form at ion

18 S i l t s t o n e  and s h a l e :  s i l t s t o n e ,  m odera te  y e l 
lo w is h  brown, w e a th e r s  m o t t l e d  w i t h  dusky 
brown, m odera te  r e d d i s h  brown, and m od era te  
y e l l o w i s h  brown, i r o n s t o n e  c o n c r e t i o n a r y  l a y e r  
a b o u t  3 .5  f e e t  above b a se  w i t h  m o t t l e d  r e d s ,  
y e l l o w s ,  g r a y s ,  and browns;  s h a l e  o c c u r s  i n  
u p p e r  3 .5  f e e t  o f  u n i t ,  o l i v e  g ray  (5 Y 4 / 1 ) ,  
w e a t h e r s  m o t t l e d  browns,  y e l lo w s  and r e d s  8 . 5

17 S h a le  and l im e s t o n e  i n t e r b e d d e d :  s h a l e ,  o l i v e
g ra y  (5 Y 4 / 1 ) ,  w e a th e r s  l i g h t  o l i v e  g ra y  (5 
Y 6 / 1 ) ,  becomes s i l t y  i n  u p p e r  h a l f  o f  u n i t  
( u p p e r  h a l f  r e d d i s h  i n  c o l o r ,  p ro b a b ly  from 
l e a c h i n g  o f  p igm en t  o f  i r o n - r i c h  s h a l e s ,  e t c .  
from u n i t s  a b o v e ) ; l i m e s t o n e ,  medium d a rk  
g r a y ,  w e a th e r s  m odera te  brown (5 YR 4 / 4 ) ,  and 
d a rk  y e l l o w i s h  o ra n g e ,  e v e n -b ed d e d ,  t h i n -  
bedd ed ,  ( f i n e -  to  m e d i u m - c a l c i r u d i t e s : g l a u 
c o n i t i c ,  f e r r u g i n o u s ,  i n t r a c l a s t - b e a r i n g ,  
O s a g ia - c o a t e d ,  ech inoderm  b i o m i c r u d i t e ,  w i t h  
b ry o zo a n s  and b ra c h io p o d  f r a g m e n t s ) , O s a g ia  
o n c o l i t h s  p r e s e n t ,  s h a l e s  a v e ra g e  10 t o  15 
in c h e s  t h i c k ,  l im e s to n e  6  t o  8  i n c h e s  t h i c k ,  
t h i c k n e s s  f o r  e n t i r e  u n i t  5 .0

16 L im es to n e ,  l i g h t  o l i v e  g ray  (5 Y 5 / 2 ) ,  w ea 
t h e r s  medium g r a y , and g r a y i s h  o r a n g e ,  even -  
b e d d e d ,  t h i n - b e d d e d ,  p l a t y  s p l i t t i n g ,  (Middle:  
medium c a l c a r e n i t e :  o s t r a c o d a l  f o r a m i n i f e r a l  
b i o m i c r i t e  w i t h  echinoderm p l a t e s ,  b r y o z o a n s ,  
and p l a t y  a l g a e ) ,  p o o r l y  exposed  on to p  o f  
g r a s s y  s l o p e  a long wash be tween  h i l l t o p  and 
d i t c h  2 . 8

15 S h a l e ,  d a rk  o l i v e  g ray  w e a th e r s  m o d era te
brown (5 YR 4 /4 )  1 .7

14 L im e s to n e ,  medium l i g h t  g r a y ,  w e a th e r s  p a l e
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red  and m od era te  o range  p i n k ,  medium-bedded,  
ev en -bedded ,  (3 f e e t  above b a s e :  f i n e  c a l c i 
r u d i t e :  echinoderm b i o m i c r u d i t e ) ,  P u n c to - 
s p i r i f e r ; c o n ta in s  a l g a l  o n c o l i t h s  and C h a e t e t e s  
on u p p e r  s u r f a c e s  o f  l i m e s t o n e s ,  forms p ro m i 
n e n t  l ed g e  on s i d e  o f  h i l l  8 . 8

13 Sha le  and s i l t s t o n e :  s h a l e ,  medium d a rk  g r a y ,
Vfith s p o t s  o f  g r a y i s h  o ran g e ,  w e a th e r s  l i g h t  
o l i v e  g r a y ;  s i l t s t o n e ,  o l i v e  g r a y ,  w e a th e r s  
d a rk  y e l l o w i s h  brown, t h i n - b e d d e d ,  even -b ed ded ,
(Top: l a m in a te d  s i l t s t o n e ,  w i t h  c la y  p a r t i n g s  
and m ica  f l a k e s ) ;  lower  3.5 f e e t  s h a l e ,  r em a in 
d e r  s i l t s t o n e  5 . 2

12 L im es tone  and s h a l e :  l im e s t o n e ,  medium g r a y ,
w e a th e r s  p a l e  y e l l o w i s h  brown and y e l l o w i s h  
g r a y ,  t h i n - b e d d e d ,  f o s s i l i f e r o u s ,  ( 1 0  f e e t  
above b a s e :  T .S .  732: c o a r s e  c a l c a r e n i t e ;  
s p a r s e l y  f o s s i l i f e r o u s ,  p a r t i a l l y  r e c r y s t a l 
l i z e d ,  i n t r a m i c r i t e )  (Base:  T .S.  731: i n t r a -  
c l a s t - b e a r i n g ,  ech inoderm -b ryo zo an  b i o m i c r i t e ) ,  
w i th  f o r a m i n i f e r s ,  f e n e s t e l l i d  b ry o z o a n s ;
L i t l i o s t r o t i o n e  11a occu rs  a t  top o f  u n i t ;  i n t e r -  
bedded w i t h  t h i n  o l i v e  g ray  s h a l e s  2 to  4 in c h e s  
t h i c k  2 1 . 8

Remarks: U n i t  c o n s i s t s  o f  complex sequence
of  s e v e r a l  c a r b o n a t e  ty p es  i n c l u d i n g  b i o -  
m i c r i t e s ,  i n t r a m i c r i t e s , d i s m i c r i t e ,  and 
a l g a l  b i o l i t h i t e ,  f r e q u e n t l y  c o n t a i n i n g  
mudcracks o r  s h r i n k a g e  c r a c k s .

11 S h a l e ,  medium g ray  w e a th e rs  l i g h t  o l i v e  g r a y ,  
c a l c a r e o u s ,  some beds b o r d e r i n g  a r g i l l a c e o u s  
l i m e s t o n e ,  p l a t y  to  f l a g g y  s p l i t t i n g  14 .3

10 L im es to n e ,  medium g ray  and g r a y i s h  r e d ,  wea
t h e r s  y e l l o w i s h  g ray  and g r a y i s h  orange  p i n k ,  
t h i n - b e d d e d ,  uneven-bedded ,  f o s s i l i f e r o u s ,
(3 .5  f e e t  above b a s e :  c o a r s e  c a l c a r e n i t e ;  
s p a r s e  a l g a l - b r a c h i o p o d  b i o m i c r i t e ,  w i th  p l a t y  
a l g a e ,  p r o d u c t i d s ,  e n c r u s t i n g  f o r a m i n i f e r s ) ,  
E u c o n o s p i r a  and o t h e r  g a s t r o p o d s ,  echinoderm 
p l a t e s  and b ry o z o a n s ;  p o o r l y  ex posed ,  s l o p e -  
fo rm in g ;  p r i v a t e  t r a c t o r  road  p r e s e n t  on u p p e r 
most bed  o f  u n i t  8 .3

9 L im es to ne ,  medium l i g h t  g r a y ,  w e a th e r s  p a l e  y e l 
lo w ish  brown and y e l l o w i s h  g r a y ,  t h in - b e d d e d ,  
u n d u l a t o r y ,  (Top: c o a r s e  c a l c a r e n i t e :  a l g a l -
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bryozoan  b i o m i c r i t e ,  w i th  A r c h a e o l i t h o p h y l lu m , 
f e n e s t e l l i d  b ryo zo an ,  ap p ro a ch in g  b i o l i t h i t e ) , 
forms s l i g h t  le d g e s  8 . 8

L im es tone ,  p a l e  r e d ,  w e a th e r s  d a rk  y e l l o w i s h  
brown, t h i n - b e d d e d ,  (Top: c o a r s e  c a l c a r e n i t e :  
sandy b i o s p a r r i t e ,  w i t h  e ch ino d erm s ,  b r a c h i o 
p o d s ,  b ry o z o a n s ,  p l a t y  a lg a e )  4 . 7

L im es tone ,  medium l i g h t  g r a y ,  w e a th e r s  p a l e  
y e l l o w i s h  brown, t h in - b e d d e d ,  even-b edd ed ,
(Top: c o a r se  c a l c a r e n i t e ;  s a n d y ,  g l a u c o n i t i c  
b i o s p a r i t e ,  w i th  echinoderm p l a t e s ) ;  p o o r l y  
exposed ,  s l o p e - f o r m in g  6 . 4

Covered 9 .9

Sandstone  and l im e s t o n e :  s a n d s t o n e ,  ve ry  l i g h t  
g ra y ,  w e a th e rs  m odera te  o range  p i n k ,  even- 
bedded ,  w i th  o s c i l l a t i o n  r i p p l e  m arks ,  com
p r i s e s  b a s a l  3 f e e t  o f  u n i t ,  (2 f e e t  above 
b a s e :  g l a u c o n i t i c ,  c a l c a r e o u s ,  f i n e  g r a i n e d  
s a n d s t o n e ) ,  l i m e s t o n e ,  medium l i g h t  g r a y ,  
w e a th e r s  m odera te  o range  p i n k ,  t h in - b e d d e d ,
(medium c a l c a r e n i t e :  sandy ,  r e c r y s t a l l i z e d ,  
c o a te d  bryozoan  b i o m i c r i t e  w i th  25% sa n d ,  and 
ech inoderm s,  b r a c h i o p o d s ,  f o r a m i n i f i e r s )  4 .4

Covered 11 .8

Sandy l i m e s t o n e ,  v e ry  l i g h t  g ray  and p i n k i s h  
g r a y ,  w e a th e r s  o l i v e  g ray  and l i g h t  o l i v e  
g ray  (S Y 6 / 1 ) ,  c r o s s - b e d d e d ,  w e a th e r s  p i t t e d ,
(4 f e e t  above b a s e :  c o a r s e  c a l c a r e n i t e ,  e x 
t r em e ly  sandy b i o s p a r i t e - s u p e r f i c i a l  o o l i t e )  , 
t h i c k n e s s  v a r i e s  be tw een  6 .4  and 8 . 8  f e e t ,  
av e rag es  7 .6

Covered 11 .5

P i t k i n  Form ation

L im es tone ,  medium g ray  w e a th e rs  l i g h t  g r a y ,  
t h i n - b e d d e d ,  e v e n -b ed d e d ,  ( 2  f e e t  below top :  
f i n e  c a l c i r u d i t e :  o o l i t i c  ech inoderm  b i o 
s p a r r u d i t e ,  w i t h  p e l l e t s  and i n t r a c l a s t s ) ,  
l e d g e s  on w es t  s i d e  o f  s t r e a m ,  l i c h e n  and moss 
covered  4 .2
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Measured S e c t i o n  24: E a s t  End F t .  Gibson Dam

L o c a t io n :  W l/2 ,  Wl/2,  N E l /4 ,  Sec. 18, T. 16 N . , R. 20 E . , 
Cherokee County ,  Oklahoma.

Measured S e c t i o n  24 i s  l o c a t e d  a t  e a s t  end o f  F t .  Gibson

Dam, on e a s t  s i d e  o f  S t a t e  Highway 81, about  125 y a rd s  s o u t h

of i t s  i n t e r s e c t i o n  w i t h  S t a t e  Highways 81 and 16. S e c t i o n

measured  and d e s c r i b e d  by David A. K o t i l a ,  J u n e ,  1962, and

m o d i f i e d  and r e v i s e d  i n  O c to b e r ,  1964, and May, 1965.

UNIT DESCRIPTION THICKNESS (FEET)

Atoka Formation

18 S a n d s ton e ,  p a l e  brown and g r a y i s h  brown, wea
t h e r s  modera te  y e l l o w i s h  brown and d a rk  y e l 
low ish  brown, medium- t o  t h i c k - b e d d e d ,  c r o s s 
bedded ,  abundan t  " f u c o i d a l "  m a rk in g s ,  (Base:  
l im o n i t e - c e m e n t e d ,  f i n e -  to  v e ry  f i n e - g r a i n e d  
s a n d s t o n e ,  w i t h  b l a c k i s h  c la y  p a r t i n g s  and 
f u c o i d s ) , forms c l i f f  e a s t  o f  road  n o t

measured

17 Clay mudstone ,  o l i v e  b l a c k ,  w e a th e r s  same
and o l i v e  g ray  (5 Y 4 / 1 ) ,  n o n - f i s s i l e ,  p l a t y  
s p l i t t i n g  to  f l a g g y  s p l i t t i n g ,  k a o l i n i t i c ,  
v e ry  s o f t  and smooth, f e e l s  g r e a s y ,  t h i c k n e s s  
v a r i a b l e  from 0 .0  to  1 .0  f e e t ,  a v e rages  0 .5

16 A r g i l l a c e o u s  c o n g lo m era te ,  b row nish  g r a y ,  wea
t h e r s  o l i v e  b l a c k  and dark  y e l l o w i s h  brown, 
l e a s i n g ,  ve ry  f o s s i l i f e r o u s ,  b u t  f o s s i l s  b a d ly  
w e a th e re d ,  b r o k e n ,  and a b ra d e d ,  ve ry  s h a l y  in  
p l a c e s  and b re a k s  up o r  crumbles r e a d i l y  b u t  
e l s ew h e re  h a r d ,  ( a r g i l l a c e o u s ,  g l a u c o n i t i c ,  
l im e s to n e -  and q u a r t z - p e b b l e  cong lom era te  w i t h  
m edium -gra ined  sand m a t r i x ,  w i t h  p e b b le s  o f  
l im e s to n e  av e rag e s  5 to  6  m i l l i m e t e r s ,  q u a r t z  
p e b b le s  4 to  8  m i l l i m e t e r s ,  subrounded  to  sub-  
a n g u la r )  , occu rs  as s l i g h t  l ed g e  under  m ass ive  
o ve rhang ing  c l i f f s  o f  Atoka S a n d s to n e ,  b u t  
c l e a r l y  s e p a r a t e d  by b l a c k  s h a l e ;  u pp e r  and 
low er  c o n t a c t s  b o t h  s h a re  and ev en ,  t h i c k n e s s  
v a r i a b l e  from 0 .2  to  0 .8  f e e t ,  av e rag e s  0 .5
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Morrow Form ation

15 A r g i l l a c e o u s  mudstone w i t h  l im e s to n e  s t r i n g e r s :
a r g i l l a c e o u s  m udstone ,  o l i v e  g ray  t o  o l i v e  
b l a c k ,  w e a th e r s  medium d a r k  g ray  t o  d a rk  g r e e n 
i s h  g ra y  (5 GY 4 /1 )  , s i l t y ,  s h a l y  t o  p l a t y  
s p l i t t i n g ;  l im e s t o n e  s t r i n g e r s  medium g r a y ,  
w e a th e r s  p a l e  y e l l o w i s h  brown, f o s s i l i f e r o u s ,  
c o n t a i n s  s e l e n i t e  p a r t i n g s ,  d i s c o n t i n u o u s ,
( sandy ,  ech inoderm  b i o m i c r i t e ,  w i t h  s e l e n i t e  
be tween beds and c o a t i n g  u pper  s u r f a c e s )  6 . 5

14 L im es ton e ,  s h a l e ,  and c o n g lo m e ra te :  l i m e s t o n e ,
medium g ra y  t o  medium d a r k  g r a y ,  w e a th e r s
l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  medium-bedded,
f o s s i l i f e r o u s  ( p r o d u c t i d s  i n  u p p e r  p a r t ) , un
d u l a t o r y  u p p e r  s u r f a c e s ,  c o n g lo m e r a t i c  w i t h  
l im e s to n e  p e b b le s  and o n c o l i t h s  o f  O sag ia  
(Base:  f i n e  c a l c i r u d i t e :  s i l t y ,  b ryozoan-  
ech inoderm  b i o s p a r r u d i t e ,  w i t h  p e le c y p o d  and 
b r a c h i o p o d  f r a g m e n t s ) ,  s h a l e ,  o l i v e  g ray  to  
l i g h t  o l i v e  g r a y ,  t h i n  ( 1  t o  2  i n c h e s )  n e a r  
b a se  b u t  t h i c k e r  i n  u p p e r  p o r t i o n  ( 1 0  t o  1 2  

i n c h e s ) , some c o n t a i n  numerous sm a l l  t o  l a r g e  
(1 to  4 i n c h e s  i n  d i a m e t e r )  i s o l a t e d ,  c a l 
c a r e o u s ,  plumose c o l o n i e s  o f  O sag ia  (onco
l i t h s )  ; c o n g lo m e r a t e ,  l o c a t e d  n e a r  m idd le  o f  
u n i t  (ab o u t  5 to  6 .5  f e e t  above b a s e ) ,  p a l e  
r e d  (5 R 6 /2 )  and medium g r a y ,  w e a th e r s  l i g h t  
o l i v e  g ra y  (5 Y 6 /1 )  and p a l e  y e l l o w i s h  brown,
(sandy ,  f o s s i l i f e r o u s ,  l i m e s t o n e - p e b b l e  con 
g l o m e r a t e ,  w i t h  s a n d y ,  m i c r i t i c ,  s p a r  m a t r i x ,  
and c o n t a i n i n g  b r y o z o a n ,  ech inoderm  p l a t e s ,
H u s te d i a  and o t h e r  b r a c h i o p o d  f r a g m e n t s ) , 
e n t i r e  u n i t  q u i t e  f o s s i l i f e r o u s  w i t h  H u s t e d i a , 
R hynchopora , C o m p o s i ta , P u n c t o s p i r i f e r , and 
v a r i o u s  p r o d u c t i d s ,  s o l i t a r y  ru g o se  c o r a l s ,  
S t r i a t o p o r a , P e n t r e m i t e s , and numerous l a r g e  
c r i n o i d  cup p l a t e s  (H y d r e i n o c r i n u s ? and 
E u p a c h y c r in u s ? ) ; u n i t  i s  l e d g e - f o rm in g  9 .5

13 L im es to n e ,  medium g ra y  to  medium da rk  g r a y ,
w e a th e r s  v e ry  p a l e  o r a n g e ,  t h i c k  c r o s s - b e d d i n g ,  
w i t h  s p l i t t i n g  d e v e lo p e d  a lo n g  c r o s s - b e d d i n g  
p l a n e s  g i v in g  u n iq u e  a p p e a r a n c e ,  top  o f  u n i t  
u n d u l a t o r y ,  (Base:  f i n e  c a l c i r u d i t e :  s a n d y ,  
e ch in o derm -b ry o zo a n  b i o m i c r u d i t e ,  w i t h  some 
a l g a l  b l a d e s  (A r c h a e o l i t h o p h y l lu m ) : u n i t  con
t a i n s  p r o d u c t i d s ,  and f rag m e n ts  o f  C h a e t e t e s , 
l e d g e - f o rm in g  1 * 8
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12 I n t e r b e d d e d  l im e s to n e s  and s h a l e s :  l im e s t o n e ,

medium g ray  to  medium l i g h t  g r a y ,  w e a th e r s
l i g h t  o l i v e  g r a y ,  and y e l l o w i s h  g ray  (5 Y 8 / 1 ) ,
t h i n - b e d d e d ,  uneven ,  some w e a the r  r u b b l y ,  
dominant  i n  lower  h a l f  of  u n i t ,  v e ry  f o s s i l i 
f e r o u s ;  (Base:  c o a r s e  c a l c a r e n i t e :  T .S .  695: 
p o o r l y - s o r t e d ,  p a r t i a l l y - r e c r y s t a l l i z e d ,  mixed 
b i o m i c r i t e ,  w i th  a lm o s t  no a b r a s i o n  o f  c l a s t s  
and m a t r i x  o f  m i c r i t e ,  w i t h  r e c r y s t a l l i z a t i o n  
g r a d a t i o n a l  up to  c o a r s e l y - c r y s t a l l i n e  s p a r ,  
a p p ea rs  s e l e c t i v e  and c o n t r o l l e d  by f o s s i l s ,  
w i t h  whole d e l i c a t e  f e n e s t e l l i d  b ry o zo a n s ,  
many b r a c h i o p o d s ,  v a r i o u s l y  shaped  sponge 
s p i c u l e s  ( t e t r a x o n  and d e sm as ) , echinoderm 
s p i n e s ,  M i l l e r e l l a  and e d o t h y r i d  f o r a m i n i f e r s ,
O s a g i a , Cuneiphycus and o t h e r  co m p le te ly  r e -  
c r y s t a l l i z e d  a l g a l  rods  o r  b l a d e s ) ;  s h a l e s ,  
o l i v e  g r a y ,  w e a th e r s  l i g h t  o l i v e  g ray  (5 Y 
5 / 2 ) ,  dominate  u pper  p o r t i o n  o f  u n i t ,  c o n t a i n s  
s m a l l  ( 2  t o  6  i n c h e s  i n  maximum dimension)  
lumps o r  n o d u le s  (?)  o f  l im e s to n e  (T .S.  A-170: 
a l g a l  b i o l i t h i t e ,  w i t h  A r c h a e o l i th o p h y l lu m  
and Cuneiphycus f o r a m i n i f e r s ,  s h r in k a g e  c r a c k s ) ,  
f o s s i l s  i n c lu d e  P u s t u l a , H u s t e d i a , R e t i c u - 
l a r i n a , P u n c t o s p i r i f e r , Com posi ta , C h o n e te s , 
A v i c u l o p e c t e n , M o o re o c e ra s , P e n t r e m i t e s , and 
c r i n o i d  cup p l a t e s ,  c l i f f - f o r m i n g  5 .0

11 L im es to n e ,  da rk  g r a y ,  w e a th e rs  da rk  y e l l o w i s h
broTO, medium- and e v en -b edd ed ,  p a r t i n g s  o f  
b l a c k  s h a l e  e s p e c i a l l y  a t  b a s e ,  d e c r e a s i n g  u p 
w ard ,  (medium c a l c a r e n i t e :  s p i c u l i f e r o u s , 
s a n d y ,  b ryo zo a n -ec h in o d e rm  b i o s p a r i t e ,  w i t h  
o n c o l i t h s ,  and C u n e ip h y c u s : forms p rom in en t  
l e d g e  2 .5

10 L im es tones  and s h a l e s ;  l im e s to n e s  medium g ray
w e a th e r s  l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  t h in -  
t o  medium-bedded, u n d u l a t o r y  s u r f a c e s ,  some 
beds c o n t a i n  l a r g e  m i c r i t i c  p e b b l e s ,  (2 to  3 
i n c h e s ) , which  a re  l i g h t  g r a y i s h  w h i t e  and im
p a r t  " s p l o t c h y "  appea rance  to  u n i t ,  (Middle:  
f i n e  c a l c i r u d i t e :  p y r i t i c ,  a r g i l l a c e o u s ,  b r y o 
zoan b i o m i c r u d i t e  w i t h  numerous p r o d u c t i d  
s p i n e s ) ,  q u i t e  f o s s i l i f e r o u s ;  s h a l e s  o l i v e  
g ray  (5 Y 4 / 1 ) ,  q u i t e  t h i n  (1 to  6  i n c h e s )  
and c o n t a i n  c a l c a r e o u s  n o d u le s  and some f o s 
s i l s ;  f o s s i l s  i n c l u d e  A n t i q u a t o n i a , P u g n o i d s , 
H u s t e d i a , R e c t i c u l a r i n a , C om pos i ta , b r y o z o a n s ,  
c r i n o i d  cup p l a t e s ,  s o l i t a r y  c o r a l s ,  D e l o c r i - 
n o u s ; u n i t  i s  c l i f f - f o r m i n g  5 .2
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L im es tone ,  medium g ray  to  medium l i g h t  g r a y ,  
w e a th e r s  o l i v e  gray  (.5 Y 4 /1 )  , g r a y i s h  b l a c k ,  
and da rk  g r a y ,  medium-bedded, bedd ing  p l a n e s  
u n d u l a t o r y ,  w e a th e r s  p i t t e d  and f l u t e d ,  f o s 
s i l i f e r o u s ,  e s p e c i a l l y  i n  upper  3 f e e t  w i t h  
abundan t  p r o d u c t i d s  (3 .5  f e e t  above b a s e :  
medium c a l c a r e n i t e :  f o s s i l i f e r o u s  o o s p a r i t e ,  
w i t h  p l a t y  a l g a e ,  g o n i a t i t e s ,  b ry o z o a n s ,  
t r i l o b i t e  and b ra c h io p o d  f r a g m e n t s ) , lower 
few f e e t  sandy ,  c l i f f - f o r m i n g  7 . 5

Lim estones  and s a n d s t o n e s :  l i m e s t o n e ,  l i g h t  
g ray  w e a th e r s  g r a y i s h  y e l lo w  g r e e n ,  ve ry  san d y ,  
medium- and uneven-bedded ,  (Base: f i n e  c a l c i 
r u d i t e :  sandy echinoderm b i o s p a r r u d i t e ,  w i t h  
sm a l l  (0 .5  to  2 m i l l i m e t e r s )  b l a c k  p h o sp h a te  
p e b b l e s ,  and some p l a t y  a l g a e ;  s a n d s t o n e ,  
m ed ium -gra ined ,  c a l c a r e o u s ;  n e a r  b a se  l a r g e  
p o c k e t s  o f  b u f f - c o l o r e d  sand  washed o u t  l e a v 
in g  cavernous  a p p e a ra n c e ,  e l s ew h e re  u n i t  p i t t e d  
and f l u t e d  3. 2

Sandy l i m e s t o n e ,  l i g h t  g r a y ,  w e a th e rs  o l i v e  
g ray  (5 Y 6 / 1 ) ,  c r o s s - b e d d e d ,  medium-bedded, 
bedd ing  u n d u l a t o r y ,  l i c h e n - c o a t e d  l o c a l l y ,
(1 .5  f e e t  above b a se :  medium c a l c a r e n i t e :  
sandy ,  s p i c u l i f e r o u s , b i o s p a r i t e ,  l e n s e s  o f  
f i n e - g r a i n e d ,  c a l c i t e - c e m e n t e d  s a n d s t o n e ,  
c o n t a i n s  f o r a m i n i f e r s  and A r c h a e o l i t h o p h y l lu m , 
sand  c o n t e n t  v a r i e s  from 20 to  30% i n  main 
p a r t  o f  ro ck  to  70 to  80% i n  sandy l e n s e s ) , 
w e a th e r s  p i t t e d  and f l u t e d ,  c l i f f - f o r m i n g  w i t h  
u n i t s  above and below 1 0 . 0

Sandy l im e s t o n e ,  l i g h t  b rownish  g r a y ,  w e a th e r s  
p a l e  y e l l o w i s h  brown, medium- and uneven- 
bedded ,  c r o s s - b e d d e d ,  (Base: sandy c r i n o i d a l  
b i o s p a r i t e ) ,  w e a th e r s  p i t t e d  and f l u t e d  4 .1

Sandy l i m e s t o n e ,  b row nish  g r a y ,  w e a th e r s  l i g h t  
b row nish  g r a y ,  v e ry  sandy and g l a u c o n i t i c ,  
e s p e c i a l l y  n e a r  b a s e ,  c o n ta in s  few l im e s to n e  
p e b b l e s ,  l i c h e n - c o a t e d  3.5

G r a d a t i o n a l  c a l c a r e o u s  s a n d s to n e  and sandy 
l im e s t o n e ,  medium g r a y ,  medium d a rk  g r a y ,  and 
y e l l o w i s h  g ray  (5 Y 8 / 1 ) ,  w e a th e rs  d a rk  g ray  
and l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  v e ry  t h i c k -  
bedded ,  ( e n t i r e  u n i t  one b e d ) ,  sand c o n te n t  
d e c r e a s i n g  upward th ro u g h  u n i t  (Base:  f i n e 
g r a i n e d ,  f o s s i l i f e r o u s ,  c o n g lo m e r a t i c  sand-
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s t o n e ,  l e n s e s  o f  sandy ,  s p i c u l i f e r o u s  b i o 
s p a r i t e -  a lm os t  a s p i c u l i t e ,  p e b b le s  o f  sandy 
l i m e s t o n e ,  s a n d s t o n e ,  a r g i l l a c e o u s  s a n d 
s t o n e ,  and sandy c l a y s t o n e ) , [ 1  f o o t  above 
b a s e :  medium c a l c a r e n i t e :  s a n d y ,  conglom er
a t i c ,  o o l i t e - b e a r i n g  b i o s p a r i t e ,  n e a r l y  a l l  
f o s s i l  d e b r i s  with, t h i n  c o a t in g s  w i t h  on ly  
2 0 % t r u e  o o l i t e s ,  sand  content,  abou t  30 to  
40%), (4 f e e t  above b a se :  f i n e  c a l c i r u d i t e ;  
s l i g h t l y  sandy echinoderm b i o s p a r u d i t e ,  w i t h  
b ry o z o a n s ,  b ra c h io p o d  f r a g m e n ts ,  o s t r a c o d e s ,  
sand  abou t  6  to  8 %) s e p a r a t e d  from u n i t  above 
i n  p l a c e s  by t h i n  0 .5  to  1 .0  i n c h  b l a c k  s i l t y  
s h a l e  8 . 3

Covered i n t e r v a l ,  h i g h  up on c l i f f - f a c e  con
s i s t s  o f  c o n g lo m e r a t i c ,  sandy f o s s i l i f e r o u s  
b i o s p a r r u d i t e  8 . 5

Conglom era te ,  medium g r a y ,  and g r a y i s h  red  
(5 R 4 /2 )  and (10 R 4 / 2 ) ,  exposed l o c a l l y  
o n ly  f a r  up c l i f f - f a c e ,  l a r g e  slump b lo c k s  
from above c o n ce a l  i t  i n  most p l a c e s  (T.S.
713: l im e s to n e  p e b b le  cong lom era te  w i t h
medium-gr a i n e d  sand  m a t r ix )  s e e  d i s c u s s i o n
o f  P i tk in -M orro w  c o n t a c t  in  t e x t  f o r  f u r t h e r
d i s c u s s i o n  o f  t h i s  u n i t  and t h i n  s e c t i o n ;
t h i c k n e s s  v a r i e s  from 3.5  f e e t  t o  0 .0  in
p l a c e s ,  a v e rag es  2 . 0

P i t k i n  Form ation

L im es to n e ,  g r a y i s h  r e d  (10 R 4 /2)  w e a th e r s  
dusky r e d  and g r a y i s h  o ra n g e ,  medium- to  
t h i c k - b e d d e d ,  even-bedded ,  c r o s s - b e d d e d ,  ( 1  

f o o t  below to p :  medium- to  c o a r s e - c a l c a r e n i t e : 
f e r r u g i n o u s ,  f o s s i l i f e r o u s  o o s p a r i t e -  
o o m i c r i t e  ( ? ) ,  m a t r i x  b a s i c a l l y  h e m a t i t e ,  
r e p l a c i n g  m i c r i t e ,  echinoderm p l a t e s ,  b r y o 
z o an s ,  p l a t y  a l g a e ,  f o r a m i n i f e r s ,  l a r g e  c r i 
n o id  s tem f rag m e n ts )  5 .5

Measured S e c t i o n  25: P a r k h i l l  Mountain  Highway S e c t i o n

L o c a t i o n :  E l / 2 ,  N E l /4 ,  S E l /4 ,  Sec. 28, and W l/2 ,  NWl/4, 
SWl/4, Sec.  27, T. 16 N . , R. 22 E . , Cherokee 
County,  Oklahoma.

Measured s e c t i o n  25 i s  l o c a t e d  a long  n o r t h e a s t  s i d e  o f
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S t a t e  Higliway 82, a p p ro x im a te ly  3 m i l e s  south, o f  Tah lequah .  

S e c t i o n  b e g in s  a long n o r t h e a s t e r n  s i d e  o f  p r e s e n t  c o u r s e  o f  

th e  Highway, w i t h  u n i t s  1-10 w e l l - e x p o s e d  t h e r e .  A much 

o l d e r  c o u rse  o f  t h e  ro a d  i n t e r s e c t s  p r e s e n t  c ou rse  a t  l o c a 

t i o n  o f  u n i t s  4 -5 ,  so t h a t  one m igh t  a l s o  examine u n i t s  4-10 

a lo n g  th e  wash o r  d i t c h  a long  o l d  roadway. U n i t s  11-17 a re  

b e s t  exposed  and d e s c r i b e d  from the  d i t c h  a long  o l d  c o u r s e ,  

a l t h o u g h  th e y  a re  a l s o  exposed  a long  th e  p r e s e n t  roadway.

S e c t i o n  m easured  and d e s c r i b e d  by David  A. K o t i l a  i n  J u l y ,

1962 and A u gu s t ,  1965.

UNIT DESCRIPTION THICKNESS (FEET)

Atoka Form ation

17 S a n d s to n e ,  g r a y i s h  o range  p i n k ,  w e a th e rs  p a l e  
y e l l o w i s h  brown, somewhat s h a l y  and c o n g lo 
m e r a t i c  i n  b a s a l  2  f e e t ,  c o n t a i n s  i r o n s t o n e  
c o n c r e t i o n s ,  good b a s a l  c o n g lo m era te  1 to  3 
in c h e s  t h i c k  i n  p l a c e s  b u t  v e ry  crumbly ,  ab 
s e n t  a long  most  o f  c o n t a c t ,  (3 f e e t  above 
b a s e :  f i n e -  to  m ed ium -gra ined  s a n d s t o n e ,  w i t h  
abundant  q u a r t z  o v e r g r o w t h s ) , forms subdued 
l e d g e s  a long  wash o r  d i t c h  a long  s i d e  o ld  
co u rse  o f  Highway, g e n e r a l l y  n o t  w e l l - e x p o s e d ,  
Morrow-Atoka c o n t a c t  sh a rp  4 .7

Remarks: Same i n t e r v a l  i s  a l s o  exposed
a long  p r e s e n t  c o u rse  o f  Highway, b u t  n o t  
c o n g lo m e r a t i c .  Morrow-Atoka c o n t a c t  i s  
s h a r p .

Morrow Form ation

16 S h a le ,  d eep ly  w e a th e re d  (no f r e s h  sample 
a v a i l a b l e ) ,  w e a th e r s  o l i v e  g ray  (5 Y 4 /1 )  
i n  lower  20 to  25 f e e t ,  d a r k  y e l l o w i s h  o range  
in  up p e r  6  to  1 0  f e e t ,  m ain ly  c o v e re d ,  b e ing  
w e l l - e x p o s e d  o n ly  i n  wash o r  d i t c h  i n  ve ry  
e a r l y  s p r i n g  o r  a f t e r  h eavy  r a i n  32.5
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15 L im e s to n e ,  c o n g lo m e r a t i c  i n  ap pea ra n c e  due to  

p r e s e n c e  o f  a l g a l  o n c o l i t h s ,  i r r e g u l a r ,  (Top: 
medium to  c o a r s e  c a l c i r u d i t e :  b r y o z o a n - a l g a l  
o n c o l i t h .  b i o m i c r u d i t e ,  w i t h  O s a g ia ) ; forms 
v e ry  s l i g h t  ledge  i n  wash a long  o l d  c o u rs e  
o f  Highway 82, g e n e r a l l y  p o o r l y - e x p o s e d  1 .8

Remarks : U n i t  c o m p le te ly  c o v e re d  a long
p r e s e n t  ro ad .

14 Covered i n t e r v a l  5 .5

13 L im e s to n e ,  medium g r a y ,  w e a th e r s  p a l e  y e l l o w 
i s h  brown and g r a y i s h  o r a n g e ,  t h i n - b e d d e d ,  
p l a t y  s p l i t t i n g ,  i n t e r b e d d e d  w i t h  t h i n  o l i v e  
g ra y  (5 Y 4 /1 )  s h a l e s  1 to  2 in c h e s  t h i c k ,
( 2  f e e t  be low  to p :  f i n e  c a l c i r u d i t e :  s p a r s e
b ry o z o a n  b i o m i c r u d i t e ,  w i t h  some s c a t t e r e d
p l a t y  a lg a e  and s m a l l  o n c o l i t h s  7 .8

12 L im es to n e ,  o l i v e  g ray  (5 Y 4 / 1 ) ,  w e a th e r s
d a r k  y e l l o w i s h  brown, medium- and uneven- 
b e d d e d ,  a l g a l ,  (0 .5  f e e t  be low  to p :  a l g a l  
b i o l i t h i t e ,  w i t h  A r c h a e o l i t h o p h y l lu m ) , l e d g e -  
fo rm in g ,  g e n e r a l l y  w e l l - e x p o s e d  on o l d  and 
p r e s e n t  roadways 4 . 4

11 L im es tone  and s h a l e :  l i m e s t o n e s ,  medium l i g h t
g r a y  and l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  w e a t h e r s  
l i g h t  o l i v e  g ray  (5 Y 6 /1 )  and p a l e  y e l l o w i s h  
broura, t h i n -  to  medium-bedded,  ( 4 .5  f e e t  
above b a s e :  T .S .  694: f i n e  c a l c i r u d i t e :  
i n t r a c l a s t - b e a r i n g  b i o s p a r r u d i t e ,  e ch inoderm  
p l a t e s ,  b r y o z o a n s ,  M i l l e r e l l a , g a s t r o p o d s ,  
b r a c h i o p o d s , f ragm en ts  o f  A f c h a e o l i t h o p h y l l u m , 
i n t r a c l a s t s  o f  somewhat-rounded a l g a l  m i c r i t e s ) , 
l im e s t o n e  o c c u r s  i n  upper  f o u r  f e e t  and low er  
6  f e e t ;  s h a l e s ,  o l i v e  g ray  (5 Y 1 / 1 ) ,  w e a t h e r s  
l i g h t  o l i v e  g ray  (5 Y 5 / 2 ) ,  up p e r  s u r f a c e s  o f  
u p p e r  l im e s t o n e s  v e r y  f o s s i l i f e r o u s ,  c r i n o i d  
co lum n a ls  and c a ly x  p l a t e s ,  M i c h e l i n i a ,
C la d o c h o n u s , s o l i t a r y  c o r a l s ,  C o m p o s i ta , and 
p r o d u c t i d s , t h i c k l y  cove red  w i t h  O sag ia  16 .6

Remarks: Sha le  p a r t  o f  u n i t  c o v e re d  a lo n g
o l d  c o u r s e  o f  r o a d ,  d e s c r i b e d  p o r t i o n  
above p resen l :  roadway.

10 S i l t s t o n e ,  l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  wea
t h e r s  p a l e  y e l l o w i s h  brown and y e l l o w i s h  g ray
(5 Y 8 / 1 ) ,  t h i n -  t o  v e ry  t h i n - b e d d e d ,  b e d d in g
somewhat wavy, p l a t y  to  s h a l y  s p l i t t i n g .
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(5 .5  f e e t  below to p :  a r g i l l a c e o u s  s i l t s t o n e  
w i t h  q u a r t z  g r a i n s  a v e ra g in g  0 .03  to  0 .05  
m i l l i m e t e r s  w i t h  abundant  m u sco v i te  f l a k e s  
o f  s i m i l a r  s i z e ) , lower  5 to  6  f e e t  covered  
by s lum ping  24.0

L im es ton e ,  medium g r a y ,  w e a th e r s  l i g h t  o l i v e  
g ra y  (5 Y 5 / 2 ) ,  ev en -b ed d e d ,  a l g a l  a t  t o p ,  
f o s s i l i f e r o u s ,  (3 f e e t  above b a s e :  f i n e  to  
medium c a l c i r u d i t e :  b ry o zo a n -ech ino d erm  b i o 
m i c r u d i t e ) ,  (4 f e e t  above b a s e :  a l g a l  b i o 
l i t h i t e ,  w i t h  C u n e ip h y c u s , and b r y o z o a n s ) ;  
f o s s i l s  i n c l u d e  b r a c h i o p o d s ,  s o l i t a r y  c o r a l s ,  
c r i n o i d s ;  u n i t  forms subdued bench  a long s i d e  
o f  d i t c h  b e s i d e  p r e s e n t  highway 4 .8

Covered i n t e r v a l ,  d ig g in g  r e v e a l s  s h a l e s  and 
t h i n ,  d i s c o n t i n u o u s  l im e s to n e s  ( p a r t l y  r e c r y 
s t a l l i z e d  b ry ozo an  b i o m i c r u d i t e  w i t h  t r i l o -  
b i t e s ,  g a s t r o p o d s ,  echinoderm p l a t e s ,  and 
b r a c h io p o d s  A n t i q u a t o n i a , C o m po s i ta , D ie la sm a) 13 .5

L im es to n e ,  medium l i g h t  g r a y ,  w e a th e r s  l i g h t  
g r a y ,  y e l l o w i s h  g ray  (5 Y 7 / 2 ) ,  and p a l e  y e l 
lo w ish  o r a n g e ,  lower  o n e - t h i r d  medium-bedded,  
u pper  t w o - t h i r d s  t h i n -  and un even-bedded ,  ( 2  

f e e t  above b a s e :  T .S .  693: f i n e  c a l c a r e n i t e :  
d i s r u p t e d  i n t r a m i c r i t e  w i t h  p o c k e t s  o f  b roken  
f o s s i l  d e b r i s  which i n c l u d e s  echinoderm p l a t e s ,  
b r y o z o a n s ,  f r a g m e n ts  o f  A r c h a e o l i t h o p h y l l u m , 
e n d o t h y r i d  f o r a m i n i f e r s ,  w i t h  r e c r y s t a l l i z a -  
t i o n  to  c o a r s e l y  c r y s t a l l i n e  s p a r  a long  burrows 
and to  m ic r o s p a r  i n  c l u s t e r s  o f  s m a l l  i n t r a 
c l a s t s ) ,  l e d g e - f o rm in g  1 0 . 8

S a n d s to n e ,  l i g h t  o l i v e  g ra y  (5 Y 6 /1)  w e a th e r s  
p a l e  y e l l o w i s h  brown, c a l c a r e o u s ,  i r o n - s t a i n e d ,  
s h a l y  s p l i t t i n g ,  ( a r g i l l a c e o u s ,  f o s s i l i f e r o u s ,  
f i n e -  t o  v e r y  f i n e - g r a i n e d  s a n d s t o n e ,  w i t h  
ech inoderm  p l a t e s ,  b r y o z o a n s ,  and b r a c h io p o d  
f ra g m e n ts )  1 . 1

Lim estone  w i t h  s h a l e  a t  b a s e ;  l i m e s t o n e ,  
medium g r a y ,  w e a th e r s  l i g h t  b row n ish  g ray  and 
g r a y i s h  p u r p l e ,  c o n g lo m e r a t i c ,  (T.S. 692: 
p h o s p h a t i c  c o n g lo m e r a t i c ,  f o s s i l i f e r o u s ,  f i n e 
g r a i n e d  s a n d s to n e  w i t h  g r a n u l e s  and p e b b le s  
1  to  6  m i l l i m e t e r s  o f  p h o s p h a t i c  m i c r i t e  and 
p h o s p h a t i c  sandy m i c r i t e ,  b r y o z o a n s ,  echinoderm 
p l a t e s ,  and b ra c h io p o d  f r a g m e n t s ) ,  l e d g e -  
fo rm in g :  s h a l e ,  medium l i g h t  g ray  w i t h  s t r e a k s
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o f  da rk  y e l l o w i s h  o ran g e ,  w e a th e r s  m odera te
brown, b a s a l  1 2  in c h e s  o f  u n i t ,  m o s t ly
covered  4 . 4

L im es to n e ,  medium l i g h t  g r a y ,  w e a th e r s  medium 
d a rk  g r a y ,  g r a y i s h  o ran g e ,  w i t h  s t r e a k s  and 
s p o t s  o f  l i g h t  o l i v e  gray  [5 Y 6 /1 )  and w h i t e ,  
medium- to  t h i c k - b e d d e d ,  bedding  u n d u l a t o r y ,
(3 f e e t  above b a s e :  f i n e  c a l c i r u d i t e s : p a r t l y  
r e c r y s t a l l i z e d ,  sa n d y ,  a l g a l - b r y o z o a n  b io m i 
c r u d i t e ,  w i t h  p l a t y  a l g a e ,  f e n e s t e l l i d  b r y o 
z o a n s ,  b r a c h i o p o d s ,  g a s t r o p o d s ,  echinoderm 
p l a t e s ,  f o r a m i n i f e r s ) ,  f o s s i l i f e r o u s ,  w i t h  
S t r i a t o p o r a , C o m p o s i ta , p r o d u c t i d s ,  c r i n o i d s ,  
t h i n  (0 .25  t o  1 in c h )  d i s c o n t i n u o u s  s h a l e s  
p r e s e n t  be tween some b e d s ,  l ed g e - fo rm in g  16.2

Sandy l i m e s t o n e ,  l i g h t  g r a y , medium g r a y ,  
g r e e n i s h  g ra y  (5 GY 6 / 1 ) ,  w e a th e rs  l i g h t  o l i v e  
g ra y  (5 Y 5 / 2 ) ,  g r a y i s h  o ra n g e ,  and dusky y e l 
low, b a s a l  1 .5  f e e t  sh a ly  t o  p l a t y ,  w e a th e r s  
p i t t e d  and f l u t e d ,  upper  p a r t  medium-bedded,
(1 f o o t  be low to p :  T .S .  691: medium-coarse  
c a l c a r e n i t e :  b ryozoan  b i o m i c r i t e ,  w i t h  b r a c h 
i o p o d s ,  echinoderm p l a t e s  and s p i n e s ,  o s t r a 
c o d e s ,  f o r a m i n i f e r s ,  w i th  some s e l e c t i v e  r e 
c r y s t a l l i z a t i o n  to  c o a r s e  s p a r  i n  v e i n l e t s  
and p o c k e t s ) , l im e s t o n e s  c o n s i s t  o f  i n t e r 
l a m in a t e d  m i c r i t i c ,  f o s s i l i f e r o u s  s a n d s to n e  
and sandy b i o m i c r i t e ,  l e d g e - fo rm in g  5 .8

Sandy l i m e s t o n e ,  b a s e  g r a y i s h  orange  p i n k ,  
w e a th e r s  p a l e  y e l l o w i s h  brown, d a rk  y e l l o w i s h  
brown, s p o t s  o f  d a r k  y e l l o w i s h  o r a n g e ,  r e m a in 
d e r  medium l i g h t  g ray  w i t h  s p o t s  o f  p a l e  y e l 
lo w is h  o r a n g e ,  w e a th e r s  o l i v e  g ray  (5 Y 4/1)  
and l i g h t  o l i v e  g ray  [5 Y 5 / 2 ) ,  medium- to  
t h i c k - b e d d e d ,  u n d u l a t o r y ,  s l i g h t l y  c r o s s 
bedded ,  v e ry  sandy a t  b a se  b u t  d e c r e a s i n g  u p 
w ard ,  (Base:  m ed ium -g ra in ed ,  f o s s i l i f e r o u s ,  
s i d e r i t e - c e m e n t e d  s a n d s t o n e ,  w i t h  ech inoderm  
p l a t e s ) ,  (.4 f e e t  above b a se :  f i n e  c a l c i r u d i t e :  
l i m o n i t i c ,  sandy ,  p e b b l e - b e a r i n g ,  mixed b i o 
s p a r r u d i t e ,  w i t h  echinoderm p l a t e s ,  g a s t r o 
p o d s ,  p l a t y  a l g a e ,  b r y o z o a n s ,  b r a c h i o p o d s ) ,  
w e a th e r s  p i t t e d  and f l u t e d ,  l e d g e - f o rm in g  9 .8

P i t k i n  Fo rm a tion

L im es to n e ,  medium g ray  and medium l i g h t  g r a y , 
w e a th e r s  medium g r a y ,  y e l l o w i s h  g ray  (5 Y 7 / 2 ) ,
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and v e ry  p a l e  o ran g e ,  medium- to  t h i c k - b e d d e d ,  
even-bed d ed ,  (4 f e e t  below to p :  c o a r se  c a l 
c a r e n i t e :  t i g h t l y - p a c k e d ,  c o a ted -e ch in o d e rm  
b i o m i c r i t e ,  c l o s e l y  a p p ro ach in g  o o m i c r i t e ) ;

( 2  f e e t  below to p :  o o l i t i c  b i o m i c r i t e )  ( 0 . 2  

f e e t  below to p :  f i n e -  to  medium c a l c i l u t i t e :  
m i c r i t e  w i th  v e ry  f i n e  b i o c l a s t i c  d e b r i s ) ,
Archimedes in  lower 4 f e e t ,  w e a th e rs  smooth 
i n  sh a rp  c o n t r a s t  to  p i t t e d  and f l u t e d  n a t u r e  
o f  lowermost b a s a l  Morrow sandy l im e s to n e s  
above,  l e d g e - fo rm in g  7 .8

Remarks : P i tk in -M orrow  c o n t a c t  i s  sh a rp
and u n d u l a t o r y .  I s  exposed on ly  f o r  few 
f e e t  a long s i d e  o f  d i t c h ,  v e g e t a t i o n  and 
slumped b lo ck s  must be removed to  o b se rv e  
c o n t a c t .  Sharp c o n t a c t  s e p a r a t e s  dense 
s u b l i t h o g r a p h i c  l im e s to n e  o f  P i t k i n  which 
w e a th e r s  smooth,  from medium- to  c o a r s e l y -  
c r y s t a l l i n e  sandy l im e s to n e s  of  b a s a l  
Morrow which w e a th e r s  p i t t e d  and f l u t e d .
L o c a l l y ,  b a s a l  Morrow a p p ea rs  as p u re  
s a n d s to n e  - a p p a r e n t l y  sand  f i l l i n g  o f  
i r r e g u l a r i t y  a t  c o n t a c t .  See d e t a i l e d  
d e s c r i p t i o n  o f  t h i n  s e c t i o n  #690 which 
i s  p é t r o g r a p h i e  t h i n  s e c t i o n  of  welded 
c o n t a c t  sample c o l l e c t e d  from t h i s  l o c a l 
i t y .  Thin  s e c t i o n  r e v e a l s  burrows i n  
P i t k i n  f i l l e d  w i t h  z i r c o n - b e a r i n g ,  sandy 
b i o s p a r r u d i t e  o f  Morrow. L im oni te  and 
p y r i t e  a re  somewhat c o n c e n t r a t e d ,  a long  
w i t h  Z i r c o n ,  i n  a zone 1 to  2 m i l l i m e t e r s  
t h i c k  d i r e c t l y  above c o n t a c t  and i n  b u r 
rows. See d i s c u s s i o n  o f  P i tk in -M orrow  
c o n t a c t  i n  t e x t .

Measured S e c t i o n  26; Cookson

L o c a t io n :  S e c t i o n  l o c a t e d  on s o u t h  s i d e  o f  Highway 82 in  
S l / 2 ,  N E l /4 ,  S E l /4 ,  Sec. 1,  T. 14 N . , R. 22 E . , 
Cherokee County,  Oklahoma.

Begins in  Morrow Form ation  w i t h  low es t  exposed  ro c k  on 

s o u t h  s i d e  o f  road  n e a r  bo t tom  o f  h i l l  s l i g h t l y  above i n t e r 

m i t t e n t  s t r e a m ,  ends w i th  b a s a l  A toka  s a n d s to n e  exposed  on 

s o u t h  s i d e  o f  r o a d ,  450 y a rd s  n o r t h  o f  main i n t e r s e c t i o n  of
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Cookson. S e c t i o n  measured  and d e s c r i b e d  by David A. K o t i l a

i n  J u l y ,  1963.

UNIT DESCRIPTION THICKNESS [FEET)

Atoka  Form ation

26 S a n d s to n e ,  g r a y i s h  o range  w i t h  f l e c k s  o f
m odera te  broivn (5 YR 4 /4 )  and rounded n o d u la r  
masses o f  l i g h t  brown (5 YR 5/6) and modera te  
r e d d i s h  b ro \m ,  w e a th e r s  modera te  y e l l o w i s h  
brown, medium-bedded, n o d u l a r ,  [Base:  f i n e 
g r a i n e d ,  i r o n - s t a i n e d  s a n d s to n e  w i t h  f u c o id s  
and n o d u l a r  c o n c e n t r a t i o n s  o f  i r o n )  4 .6

Morrow Form ation

2 5 L im es to n e ,  medium g r a y , w e a th e rs  l i g h t  o l i v e
g ra y  [5 Y 6 /1 )  and d a rk  y e l l o w i s h  o ran g e ,  
unev en -b ed d ed ,  l e d g e - f o r m i n g ,  [Top: f i n e  to  
medium c a l c i r u d i t e ;  i r o n - s t a i n e d ,  s a n d y ,  g l a u 
c o n i t i c ,  b ry ozoan -ec h in o d e rm  b i o m i c r u d i t e  
w i t h  b r a c h i o p o d s ,  s o l i t a r y  c o r a l s ,  and a few 
l im e s to n e  p e b b l e s ) ,  g e n e r a l l y  p o o r l y  exposed  2 .3

24 S h a l e ,  d a rk  g r a y ,  w e a th e r s  l i g h t  o l i v e  g ray
[5 Y 6 / 1 ) ,  f o s s i l i f e r o u s ,  f o s s i l s  c ru s h e d  19.8

23 Sandy l i m e s t o n e ,  g r a y i s h  r e d  [5 R 4 /2 )  w i t h
c l a s t s  o f  medium g r a y ,  w e a th e r s  g r a y i s h  orange  
and l i g h t  o l i v e  g ray  [5 Y 6 / 1 ) ,  t h in - b e d d e d ,  
w e a th e r s  s a n d y ,  c o n t a i n s  O s a g i a - c o a t e d  onco
l i t h s ,  [Base:  medium c a l c i r u d i t e : s and y ,  
f o s s i l i f e r o u s ,  O s a g ia - c o a t e d  i n t r a m i c r u d i t e  
w i t h  b r y o z o a n s ,  ech inoderm  p l a t e s ,  and few 
t e r r i g e n o u s  p e b b le s  o f  c l a y  and s i l t s t o n e ) : 
p r o d u c t i d s ,  A v ic u lo p e c t e n  4 .6

22 S h a l e ,  medium d a rk  g r a y ,  w e a th e rs  m odera te
y e l l o w i s h  brown, f o s s i l i f e r o u s ,  f o s s i l s  
c ru s h e d  7.2

21 L im es tone ,  medium d a rk  g r a y ,  w e a th e r s  l i g h t
o l i v e  g ra y  [5 Y 6 / 1 ) ,  ve ry  f o s s i l i f e r o u s ,  
medium-bedded, forms p ro m in e n t  b ench ,  upper  
s u r f a c e  o f  which  i s  h i g h l y  f o s s i l i f e r o u s ,
(Top: f i n e  to  medium c a l c i r u d i t e :  b r a c h io p o d -  
e c h i n o d e r m - b r y o z o a n - a l g a l  b i o m i c r u d i t e  w i t h  
a l g a l  o n c o l i t h s  [Cune iphycus) p r o d u c t i d s ,  and
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f o r a m i n i f e r s ) ; f o s s i l s  i n c l u d e  C o m p os i ta ,
B e e c h e r i a , S p i r i f e r , P u n c t o s p i r i f e r , Clionetes ,
M u r id u c tu s  , H i i s t e d i a , A n t i q u a t o n i a ,  P u s t u l a , 
Koninckophyllum 4 . 1

20 S h a l e ,  m odera te  brown [5 YR 3 / 4 ) ,  w e a th e r s
m odera te  y e l l o w i s h  brown, i n t e r b e d d e d  w i t h  
t h i n ,  d i s c o n t i n u o u s ,  r u b b ly  l im e s t o n e s  2 ,3

19 L im es to ne ,  medium g ray  w e a th e r s  g r a y i s h  o r a n g e ,
p a l e  y e l l o w i s h  o r a n g e ,  and l i g h t  o l i v e  g ray  
(5 Y 6 / 1 ) ,  u n ev en -b ed ded ,  top  o f  u n i t  v e ry  i r 
r e g u l a r ,  medium-bedded, f o s s i l i f e r o u s , [3 f e e t  
above b a s e :  T .S .  703: a l g a l  b i o m i c r u d i t e  w i t h  
p red o m in an t  A rch aeo 1i t h o p h y 1lum, O s a g i a ,
Cuneiphycus f r a g m e n t s , b r y o z o a n s , e c h i n o i d  
s p i n e s ,  ammodiscid and e n c r u s t i n g  f o r a m i n i f e r s  
i n  m a t r i x  o f  m i c r i t e  r e c r y s t a l l i z e d  i n  p a t c h e s  
to  m ic r o s p a r  c a l c i t e ) , top  bed  b e a r i n g  l a r g e  
c o l o n i e s  o f  L i t h o s t r o t i o n e l l a  s c a t t e r e d  ^  s i t u  
ov e r  up p e r  s u r f a c e  w i t h  s e v e r a l  t y p e s  o f  s o l i 
t a r y  ru g o se  c o r a l s  o c c u r r i n g  on s u r f a c e  b e 
tween c o l o n i e s ;  s h a l e  from o v e r l y i n g  u n i t  d ra p e d  
and d i f f e r e n t i a l l y  compacted ove r  h i g h l y  i r r e 
g u l a r  s u r f a c e  and o v e r  c o l o n i e s  o f  L i t h o s t r o 
t i o n e l l a  ; o t h e r  f o s s i l s  i n c l u d e  C o m p os i ta ,
H u s t e d i a , E u c o n o s p i r a , P u n c t o s p i r i f e r , C h o n e t e s , 
Koninckophyl lum , A m p l e x o c a r i n i a , Cuneiphycus 
o ccu rs  l o c a l l y  i n  upperm os t  p o r t i o n  o f  u n i t  5 .7

18 S h a l e ,  p a l e  y e l l o w i s h  brown, w e a th e r s  l i g h t
b ro w n ish  g r a y ,  c a l c a r e o u s  2 .7

17 L im es tones  and s h a l e s :  l i m e s t o n e ,  o l i v e  g ray
C5 Y 4 /1 )  and medium d a rk  g r a y ,  w e a th e r s  p a l e  
y e l l o w i s h  brown, p a l e  brown (5 YR 5 / 2 ) ,  and 
m od era te  brown (5 YR 4 /4)  , t h i n -  and even- 
b ed ded ,  becoming s l i g h t l y  sandy  and a r g i l l a c 
eous a t  top  o f  u n i t ,  f o s s i l i f e r o u s ,  ( 1  f o o t  
above b a s e :  f i n e  c a l c i r u d i t e :  T .S .  702: 
s l i g h t l y  s i d e r i t i c ,  i n t r a c l a s t - b e a r i n g  b ry o -  
zoan-ech in od erm  b i o s p a r r u d i t e , w i t h  c r i n o i d  
and e c h i n o i d  p l a t e s  and s p i n e s ,  b ra c h io p o d  
f r a g m e n t s ,  M i l l e r e l l a , E n d o th y r a , and o t h e r  
f o r a m i n i f e r s ,  s c a t t e r e d  e u h e d r a l  rhombs o f  
l i m o n i t e - s t a i n e d  s i d e r i t e ,  i n  m a t r i x  o f  
c o a r s e l y  c r y s t a l l i n e  s p a r r y  c a l c i t e ) , f o s s i l s  
i n c l u d e  E o a s i a n i t e s , E u c o n o s p i r a , C o m p o s i ta , 
P u n c t o s p i r i f e r  7 . 6

16 S h a le  w i t h  t h i n  d i s c o n t i n u o u s  l i m e s t o n e s :
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s h a l e ,  o l i v e  g ray  (5 Y 4 /1 )  w i th  p a tc h e s ,  o f  
m odera te  brown (5 YR 4 / 4 ) ,  w e a th e r s  moder
a t e  broTO (5 YR 3 / 4 ) ,  c a l c a r e o u s ,  c o n ta in s  
p r o d u c t i d s ,  becomes mudstone n e a r  t o p ;  l i m e 
s t o n e ,  even-“bedded ,  t h i n - b e d d e d ,  (3 f e e t  b e 
low to p ;  T .S .  701: f i n e - g r a i n e d ,  mixed b i o -  
m i c r i t e  w i t h  C u n e ip hy cu s , G i r v a n e l l a , O s a g i a , 
f o r a m i n i f e r s  i n c l u d i n g  E n d o th y r a , ammodiscid,  
and e n c r u s t i n g  t y p e s ,  sponge s p i c u l e s ,  b r a c h 
io po d  f r a g m e n t s ,  o s t r a c o d e s ,  and o t h e r  un 
i d e n t i f i e d  f r ag m e n ts  i n  m a t r i x  of  m i c r i t e ,  
p a r t i a l l y  r e c r y s t a l l i z e d  to  m ic r o s p a r  w i t h  
v e i n s  o f  b ro w n ish  c o a r s e l y  c r y s t a l l i n e  s p a r r y  
c a l i t e ) , s e v e r a l  m inor  e r o s i o n a l  s u r f a c e s  
p r e s e n t  b o t h  i n  t h i n  s e c t i o n  and e t c h e d  s e c 
t i o n ,  s h r i n k a g e  c ra c k s  7.0

15 S h a le  w i t h  l im e s t o n e  cap: s h a l e ,  medium gray
w e a t h e r s  l i g h t  b ro w n ish  g ray  (5 YR 6/1)  ; l i m e 
s t o n e ,  l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  w e a th e r s  
l i g h t  o l i v e  g ray  (5 Y 5/2)  and g r a y i s h  o r a n g e ,  
medium-bedded, f o s s i l i f e r o u s ,  (Top: T .S .  700:
O s a g i a - c o a t e d , i n t r a c l a s t - b e a r i n g ,  c o a r s e 
g r a i n e d ,  e ch in o derm -b ry o zoan  b i o m i c r i t e  p a r 
t i a l l y  r e c r y s t a l l i z e d ,  b ra c h io p o d  f r a g m e n t s ,  
o s t r a c o d e s ,  r e c r y s t a l l i z e d  p l a t y  a l g a e ,
M i l l e r e l l a , E n d o th y r a ) , o c c u r s  as le d g e  c a p 
p in g  u n i t  1 2 . 8

14 I n t e r b e d d e d  s h a l e  and l im e s t o n e :  s h a l e ,  g r a y 
i s h  brown, w e a th e r s  p a l e  y e l l o w i s h  brown; 
l i m e s t o n e ,  medium g r a y ,  w e a th e r s  o l i v e  g ray  
(5 Y 4 / 1 ) ,  d a r k  y e l l o w i s h  brown and d a rk  y e l 
l o w i s h  o r a n g e ,  t h i n -  and e v en -b ed d e d ,  ( 1  f o o t  
above b a se :  f i n e  c a l c i r u d i t e ;  b ryozoan  b i o 
m i c r u d i t e ,  w i t h  ech inoderm  p l a t e s ,  p r o d u c t i d  
s p i n e s ) ,  P u s t u l a  3 .3

13 Covered  i n t e r v a l ,  medium g r a y ,  s h a l e  found  by
d ig g in g  11.5

12 L im es tones  and s h a l e :  l i m e s t o n e ,  medium d a rk
g r a y ,  w e a th e r s  m od era te  y e l l o w i s h  brown and 
d a r k  y e l l o w i s h  o r a n g e ,  medium-bedded, (Base:  
f i n e  c a l c i r u d i t e ;  e ch in o derm -b ry o zo an  b i o 
m i c r u d i t e ,  b r a c h io p o d  f rag m e n ts  and g a s t r o 
p o d s ) ,  (Top: T .S .  A-140:  a l g a l  b i o l i t h i t e -  
b i o m i e r u d i t e ,  w i t h  Cuneiphycus in  m i c r i t e  
m a t r i x ,  p a r t l y  r e c r y s t a l l i z e d  and p a r t l y  f r a g 
mented) , l im e s t o n e s  c o n t a i n  numerous l a r g e  
c r i n o i d  c a l y x  p l a t e s  and s e v e r a l  whole c a l i c e s
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on upper  s u r f a c e s ;  exposed  as minor le d g e s  
i n  d i t c h ,  i n t e r b e d d e d  w i th  da rk  g ray  s h a l e s ,  
m o s t ly  co v ered  7 , 8

11 S h a le ,  medium gray  w e a th e r s  p a l e  y e l l o w i s h
broivn, m o s t ly  co vered  4 . 4

10 Sandstone  and l im e s t o n e :  s a n d s t o n e ,  medium d a rk
g r a y ,  w e a th e r s  m odera te  y e l l o w i s h  brovm, t h i n -  
bedded,  e v en -b ed d e d ,  (Base:  T .S .  K-14: p o o r l y  
s o r t e d ,  v e ry  f i n e -  t o  m edium -gra ined  s a n d s to n e  
w i th  m a t r i x  o f  c l a y  and p h o sp h a te  and p y r i t e  
(?)  g r a i n s  s u b a n g u la r  to  s u b r o u n d e d ) , g rades  
upward i n t o  l i m e s t o n e ,  l i g h t  o l i v e  g ray  (5 Y 
6 / 1 ) ,  w e a th e r s  p a l e  y e l l o w i s h  brown, medium- 
bedded ,  f o s s i l i f e r o u s  w i t h  numerous c o l o n i e s  
o f  C h a e t e t e s , (1 f o o t  below to p :  f i n e  c a l c i r u 
d i t e :  T .S .  A -142: a l g a l - b r y o z o a n  b i o s p a r r u d i t e  
w i t h  p l a t y  a lg a e  and ech inoderm  p l a t e s ) , e x 
posed  on b o t h  s i d e s  o f  dr iveway s o u th  o f  h i g h 
way 3.9

9 S h a l e ,  m odera te  y e l l o w i s h  brown and dusky y e l 
lo w ish  brown, c a l c a r e o u s ,  f o s s i l i f e r o u s ,  w i t h  
s p i r i f e r o i d  and p r o d u c t i d  b r a c h i o p o d s ,  C h o n e te s , 
f e n e s t e l l i d  b r y o z o a n s ,  long c r i n o i d  s tem s ,  
most f o s s i l s  c ru s h e d  7 .8

8  L im es tone ,  medium d a rk  g r a y ,  w e a th e r s  o l i v e
g ray  (5 Y 4 /1 )  and d a rk  y e l l o w i s h  o r a n g e ,  
medium- and e v e n -b ed d e d ,  ( 1  f o o t  above b a se :  
sandy ,  o o l i t i c ,  c o a r s e  b i o m i c r i t e ,  echinoderm 
p l a t e s ,  b r y o z o a n s ,  g o n i a t i t e s ,  b r a c h i o p o d s ,  
t r i l o b a t e  f r a g m e n t s ,  f o r a m i n i f e r s )  2 .5

7 Sha le  w i t h  t h i n  l i m e s t o n e s :  s h a l e ,  medium g r a y ,
w e a th e rs  p a l e  y e l l o w i s h  brown, c a l c a r e o u s ;  
l i m e s t o n e ,  medium d a rk  g r a y ,  w e a th e r s  l i g h t  
o l i v e  g ray  (5 Y 5 /2 )  and m odera te  y e l l o w i s h  
brown, t h i n - b e d d e d ,  ev en -b ed d e d ,  e v e n ly - s p a c e d  
about  1 .5  t o  2 f e e t  a p a r t  i n  u n i t ,  (3 f e e t  
above b a s e :  f i n e  c a l c i r u d i t e :  a r g i l l a c e o u s  
echinoderm b i o m i c r u d i t e ,  w i t h  b r y o z o a n s ,  b r a c h 
io p o d s ,  and some s c a t t e r e d  p y r i t e )  8 . 8

6  L im es tone ,  medium g ray  w i t h  f l e c k s  o f  l i g h t
broivn (5 YR 5 /6 )  , w e a th e r s  p a l e  y e l l o w i s h  brown 
and m odera te  y e l l o w i s h  brown, t h i c k - b e d d e d ,  
l e d g e - f o r m i n g ,  ( a t  t o p :  f i n e  c a l c i r u d i t e ;  
sandy ,  o o l i t i c ,  ech inoderm  b i o m i c r u d i t e ,  w i t h  
b ry o z o a n s ,  b r a c h i o p o d s ,  g a s t r o p o d s ,  o s t r a c o d e s )  4 .1



215
I n t e r b e d d e d  s h a l e  and s a n d s to n e  s h a l e ,  med
ium d a rk  g r a y ,  w e a the rs  modera te  y e l l o w i s h  
bro^m, c a l c a r e o u s ;  s a n d s t o n e ,  l i g h t  o l i v e  
g ra y  (5 Y 6 /1)  w i t h  s t r e a k s  o f  d a rk  y e l l o w 
i s h  o ra n g e ,  w e a th e rs  modera te  y e l l o w i s h  
brown, t h i n -  and even-bedded ,  ( 6  inches  
above b a s e :  f i n e -  to  medium -gra ined ,  limon- 
i t i c  s a n d s to n e )  1 . 6

S h a le ,  s a n d s t o n e ,  and l im e s to n e :  s h a l e ,  g r a y 
i s h  b l a c k ,  t h i n ,  b e s t  seen  as c o a t in g  on th e  
o t h e r  ro c k  t y p e s ;  s a n d s t o n e ,  y e l l o w i s h  g ray  
(5 Y 7 /2)  and l i g h t  o l i v e  gray  (5 Y 6 /1)  
w e a th e rs  modera te  y e l l o w i s h  brown w i t h  s t r e a k s  
o f  dusky y e l l o w i s h  brown, t h in - b e d d e d ,  f o r 
m er ly  f o s s i l i f e r o u s ,  f o s s i l s  now a lm ost  t o 
t a l l y  l e a c h e d  l e a v in g  ve ry  porous  c h a r a c t e r ,
(very  f i n e - g r a i n e d ,  l i m o n i t i c ,  g l a u c o n i t i c ,  
s a n d s to n e  w i t h  a few n o n - s o l u b l e  f o s s i l  
c a s t s ) ,  l im e s t o n e ,  medium d a rk  g r a y ,  w e a th e r s  
da rk  y e l l o w i s h  brovm and l i g h t  o l i v e  g ray  (5 
Y 5 / 2 ) ,  t h in - b e d d e d ,  caps u n i t ,  ( f i n e  c a l c i 
r u d i t e :  sandy ,  p a r t l y  r e c r y s t a l l i z e d  bryozoan-  
echinoderm b i o m i c r u d i t e )  2 . 1

L im es tone ,  medium d a rk  g r a y ,  w e a th e rs  l i g h t  
o l i v e  g ray  (5 Y 6 /1)  and d a rk  y e l l o w i s h  b r o i m , 
t h i n -  to  medium-bedded, uneven-bedded ,  g r a i n  
s i z e  i n c r e a s i n g  upward, i r o n s t o n e  c o n c r e t i o n s  
a t  t o p ,  (4 f e e t  above b a s e :  f i n e  c a l c i r u d i t e ;  
sandy ,  a r g i l l a c e o u s ,  b ryozoan-ech inoderm  b i o 
m i c r u d i t e ,  w i t h  p r o d u c t i d  s p i n e s ,  abundant  
e c h i n o id  s p i n e s ,  some c l a s t s  w i t h  a l g a l  c o a t 
i n g s ,  p y r i t e ) ,  c r i n o i d  c a l i c e s ,  p r o d u c t i d s  
and o t h e r  b r a c h i o p o d s ,  b l a s t o i d s ,  b ry o z o a n s ,  
and t a b u l a t e  c o r a l s  5 .3

I n t e r b e d d e d  s h a l e s  and s a n d s t o n e s :  s h a l e ,  
medium-gray,  sandy ,  c a l c a r e o u s ;  s a n d s t o n e ,  
medium d a rk  g ray  w i t h  s t r e a k s  o f  g r a y i s h  
o l i v e  (10 Y 4 / 2 ) ,  w e a th e rs  l i g h t  o l i v e  g ray  
(5 Y 4 /2 )  and d a rk  y e l l o w i s h  brown, t h i n -  to  
v e ry  t h i n - b e d d e d ,  even-bedded ,  g y p s i f e r o u s ,  
l e d g e - f o rm in g ,  (Base: ve ry  f i n e - g r a i n e d ,  g l a u 
c o n i t i c ,  g y p s i f e r o u s  sa n d s to n e  w i t h  s e l e n i t e  
gypsum o c c u r r i n g  i n  v e i n l e t s  and c o a t in g  
lam in ae ,  fev; s c a t t e r e d  echinoderm p l a t e s ) ,  
becomes f o s s i l i f e r o u s  n e a r  t o p ,  f o s s i l s  a lm os t  
e n t i r e l y  le a c h e d  ou t  g i v in g  rock  porous  c h a r a c 
t e r  1 . 6

L im es tone ,  medium d a rk  g ray  w e a th e rs  modera te
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brov/n (5 YR 4/4)  , s i n g l e  b e d ,  base  n o t  e x p o se d ,  
uneven u pp e r  s u r f a c e ,  f o s s i l i f e r o u s ,  (Top: 
f i n e  to  medium c a l c i r u d i t e :  s an dy ,  i r o n -  
s t a i n e d ,  g l a u c o n i t i c ,  e ch in o d erm -b ry o zoan  b i o 
m i c r u d i t e )  , c r i n o i d a l  d e b r i s ,  b r a c h i o p o d s ,  
b ryozoans ,  A c l i s i n a  3 .1

Core D: U.S. Army Corps o f  E n g in e e r s  Core Q-128.

Location: NWl/4, SEl/4, SWi/4, SEl/4, SUl/4, NEl/4, Sec. 33,
T. 13 N . , R. 20 E . , Muskogee County ,  Oklahoma.

Core D (Q-128) was t a k e n  h i g h  on r i d g e  p a r a l l e l i n g  

A rk a n sa s  R iv e r  abou t  4 m i l e s  n o r t h w e s t  of  Webbers F a l l s ,  

Oklahoma. S i t u a t e d  a p p ro x im a te ly  h a l f  way be tween  M.S. 5 

( w i th  i t s  a s s o c i a t e d  co re  C: Q-139) and M.S. 3, McCully Ranch 

S e c t i o n .  I t  r e a d i l y  a l low s  c o r r e l a t i o n  o f  M.S. 1 ,  M.S. 2,

M.S. 3, M.S. 4,  and M.S. 5, and g i v e s  a more co m p le te  p i c t u r e  

o f  t h e  a l g a l  f a c i e s  i n  main a r e a  o f  a l g a l  d ev e lo p m en t .  Core 

m easu red  and d e s c r i b e d  by David A. K o t i l a  i n  December,  1964.

UNIT DESCRIPTION THICKNESS (FEET)

(Samples i n v o lv e d  i n  d e s c r i p t i o n  o f  u n i t  
g iv e n  by code number f o l l o w i n g  d e s c r i p 
t i o n  and a r e  housed  i n  Oklahoma G e o l o g i 
c a l  Survey Core L i b r a r y )

Atoka Form at ion

42 O v e rb u rd en ,  no samples 18.5

41 S a n d s to n e ,  l i g l i t  g ray  (N 7) w i t h  c l a y  l am inae
o f  d a rk  g ray  (N 3 ) ,  s l i g h t l y  c o n g l o m e r a t i c ,  
s l i g h t l y  c a l c a r e o u s ,  p o o r l y  s o r t e d ,  few 
p h o s p h a t i c  g r a n u l e s ,  f i n e -  to  m e d iu m -g ra in ed ,  
l a m i n a t e d  appea ran ce  due to  p e r i o d i c ,  wavy 
c l a y  p a r t i n g s ;  (Samples D-160, 159, 158) 2 .1

40 C ong lo m era te ,  l i g h t  b ro w n ish  gray  (5 YR 6 /1 )
and g r a y i s h  r e d  (10 R 4 / 2 ) ,  w i t h  c l a s t s  and 
p e b b le s  o f  very  l i g h t  g ray  (N 8 ) and w h i t e  
(N 9 ) ,  medium sand  m a t r i x ,  g l a u c o n i t i c ,
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a r g i l l a c e o u s ,  l i m o n i t i c ,  p o o r l y  s o r t e d ,  f o s 
s i l i f e r o u s  with, ech inoderm  p l a t e s ,  b ry o z o a n s ,  
b r a c h io p o d  f r a g m e n t s ,  s o l i t a r y  rugose  c o r a l s ,  
and numerous O sag ia  c o a t i n g s ;  p e b b le s  c la y -  
i r o n s t o n e ,  c l a y ,  p h o s p h a t e ,  ve ry  f i n e  sa n d 
s t o n e  and s i l t s t o n e ,  and m i c r i t i c  l im e s t o n e ;
(Samples D-157,  156, and upper  0 .5  in c h e s  o f  
D-155) ' 1 .3

39 H ig h ly  g l a u c o n i t i c  s a n d s t o n e ,  g r a y i s h - y e l l o w -
g ree n  (5 GY 7 / 2 ) ,  medium- to  c o a r s e - g r a i n e d ,  
abou t  20% g l a u c o n i t e ;  (0 .5  to  1 .5  in c h e s  b e 
low to p  o f  sample  D-155) 0 .1

Morrow Form ation

38 L im es to n e ,  medium l i g h t  g ra y  (N 6 ) ,  o x i d i z e d
in  u p pe r  1  to  2  i n c h e s , im m e d ia te ly  below con
t a c t  w i t h  A toka ,  t o  g r a y i s h  r e d  (5 R 4 / 2 ) ,
(Sample D-154: f i n e  c a l c i r u d i t e ;  p a r t l y  r e c r y 
s t a l l i z e d  b ry o z o a n -ec h in o d e rm  b i o m i c r u d i t e ) ,  
s t r o m a t o l i t i c  a l g a e ,  b r a c h i o p o d s ,  g a s t r o p o d s ,  
f o r a m i n i f e r s ,  o s t r a c o d e s ;  (Samples:  low er  h a l f  
o f  D-155, D-154 th r o u g h  D-151) 3 .5

37 S a n d s to n e ,  p a l e  brown (5 YR 5 /2 )  w i t h  c l a s t s
and p e b b le s  o f  v e r y  l i g h t  g ray  (N 8 ) ,  w h i t e  
(N 9 ) ,  and g r a y i s h  b l a c k  (N 2 ) ,  c o n g lo m e r a t i c ,  
f i n e - g r a i n e d ,  g l a u c o n i t i c ,  cement o f  c a l c i t e  
p a r t i a l l y  r e p l a c e d  by s i l i c a ,  f o s s i l i f e r o u s ,  
w i t h  e c h in o d e rm s ,  b r y o z o a n s ,  b r a c h i o p o d s ,
O s a g i a , o s t r a c o d e s ;  p h o s p h a t i c  p e b b le s  up to  
6  m i l l i m e t e r s  i n  d i a m e t e r ;  (Samples D-150,
149) ■ 0 .9

36 L im es to n e ,  p y r i t i c ,  o o l i t i c ,  c o r a l - b r y o z o a n -
ech inoderm  b i o m i c r u d i t e ,  p a r t i c u l a r l y  w i t h  
f i s t u l i p o r i d  b r y o z o a n s ,  b r a c h i o p o d s ,  O s a g i a ; 
becomes a r g i l l a c e o u s  a t  b a s e ;  (Samples D-148,
147) 1 .4

35 S h a l e ,  d a rk  g ray  (N 3 ) ,  n o n c a l c a r e o u s , m ain ly
n o n - f o s s i l i f e r o u s  e x c e p t  i n  a few t h i n  zones 
as i n  D-140, D-135, w i t h  m a in ly  b r y o z o a n s ,  
some ech inoderm  p l a t e s ,  b r a c h io p o d  i m p r e s 
s i o n s ;  p y r i t i c  th r o u g h o u t  u n i t  w i t h  some c h a l -  
c o p y r i t e ,  u p p e r  2  i n c h e s  s i l t y  and f o s s i l i 
f e r o u s  w i t h  O s a g i a - c o a t e d  m i c r i t e  p e b b l e s ;
(Samples D -146 th ro u g h  D-134) 30 .4

34 L im es to n e ,  medium l i g h t  g ray  (N 6 ) w i t h  sp o t s
o f  w h i t e  (N 9) and m odera te  brown (5 YR 3 / 4 ) ,
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medium c a l c i r u d i t e ;  p y r i t i c ,  o o l i t i c ,  a r g i l 
l a c e o u s ,  f o s s i l i f e r o u s  i n t r a m i c r u d i t e , w i t h  
e ch in o d e rm s ,  b r y o z o a n s ,  f o r a m i n i f e r s ,  b r a c h 
io p o d s ,  t r i l o b i t e  f r a g m e n t s ,  and t h i c k  c o a t 
in g s  of  O sag ia  on rou n d ed ,  burrowed i n t r a 
c l a s t s  o f  m i c r i t e ;  (Samples D-133, 132, 131) 0 .8

33 S h a l e ,  medium g ra y  (N 5 ) ,  c a l c a r e o u s  (Samples
D-130) 0 .5

32 S h a l e ,  medium l i g h t  g ray  (N 6 ) ,  f o s s i l i f e r o u s ,
m o s t ly  f e n e s t e l l i d  b r y o z o a n s ,  few s c a t t e r e d  
ech inoderm  p l a t e s ,  b r a c h i o p o d s ,  ru go se  c o r a l s ;  
(Samples D-129, 128, 127) 4 .1

31 L im es to n e ,  f i n e  c a l c i r u d i t e ;  a r g i l l a c e o u s ,
o o l i t i c ,  i n t r a c l a s t - b e a r i n g ,  O s a g ia - c o a t e d  
e ch in o d erm -b ryo zo an  b i o m i c r u d i t e ,  w i t h  b r a c h 
io p o d s ,  p e l e c y p o d s ,  and g a s t r o p o d s ;  lower  5 
in c h e s  i s  a  f o s s i l i f e r o u s  o o s p a r i t e ,  r e c r y 
s t a l l i z e d ;  (Samples D-126,  125) 0 .9

30 L im es to n e ,  (Sample D-124: medium t o  c o a r s e
c a l c a r e n i t e ,  w e l l - s o r t e d ,  f o s s i l i f e r o u s  
o o s p a r i t e ,  w i t h  b r y o z o a n s ,  ech ino d erm s ,  
b r a c h io p o d  f r a g m e n t s ,  f o r a m i n i f e r s ) ;  c l a y  
p a r t i n g s ,  p y r i t i c  n e a r  b a s e ;  (Samples D-124,
123,  122) 1 .3

29 I n t e r b e d d e d  s h a l e  and l im e s t o n e :  s h a l e ,  g ray
(N 5 ) ,  c a l c a r e o u s ,  s l i g h t l y  s i l t y ,  w i t h  c a l 
c a reo u s  n o d u le s  o f  i r r e g u l a r  sh a p e ;  l im e 
s t o n e ,  f i n e  c a l c i r u d i t e ;  O s a g ia - c o a t e d ,  b r y o 
zoan b i o m i c r u d i t e ,  w i t h  echinoderm p l a t e s  and 
b ra c h io p o d  f r a g m e n t s ;  (Samples D-121, 120,
119) 2 .8

28 L im es to n e ,  c o a r s e  c a l c a r e n i t e ;  m i c r i t i c  a l g a l
b i o s p a r i t e  w i t h  a l g a l  b i o l i t h i t e ,  b i o l i t h i t e  
c o n s i s t i n g  o f  sm a l l  g rowths  o f  a b r a n c h in g  
ne tw o rk  o f  Cuneiphycus growing on b i o s p a r i t e  
c o n s i s t i n g  o f  p l a t y  a l g a e ,  b ry o z o a n s ,  e c h i n o 
derm p l a t e s ,  b r a c h i o p o d s ,  and M i l l e r e l l a ;
(Samples D-118, 117,  116) 1 .3

27 L im es to n e ,  f i n e  c a l c i r u d i t e ;  e ch in o d e rm -b ry o 
zoan b i o m i c r u d i t e  g r a d in g  upward i n t o  b i o 
s p a r r u d i t e ,  u n d u l a t o r y  c l a y  p a r t i n g s  l i g h t  
g r e e n i s h  g ra y  (5 G 8/1)  g iv e  l im e s to n e  a 
n o d u l a r  a p p e a ra n c e ;  f o s s i l s  i n c l u d e  e c h i n o 
derms , b r y o z o a n s ,  b r a c h io p o d  f r a g m e n ts ,  b roken
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a l g a l  p l a t e s ,  s t r o m a t o l i t i c  a l g a e ,  o s t r a c o d e s ,
and f o r a m i n i f e r s  (Samples D-115, 114) 2 .3

26 L im es to n e ,  f i n e  c a l c i r u d i t e ;  ph o sp h a te  p e b b le -
b e a r i n g ,  b r y o z o a n - c o r a l - e c h in o d e r m  b i o m i c r u d i t e ,  
w i t h  b r a c h i o p o d s ,  t a b u l a t e  and s o l i t a r y  ru g ose  
c o r a l s  i n c l u d i n g  Thamnopora, much c r i n o i d a l  
m a t e r i a l ,  b l a s t o i d s ,  a l g a l  f r a g m e n ts ,  M i l l e r 
e l l a ; s e v e r a l  e r o s i o n a l  zones e v i d e n t ;  (Samples 
D-113 th r o u g h  D-107) 6.0

25 L im es to n e ,  c o a r s e  c a l c i r u d i t e :  p h o sp ha te  p e b b le -
b e a r i n g ,  c o r a l - b l a s t o i d - c r i n o i d  b i o m i c r u d i t e ,  
w i t h  t a b u l a t e  and rugose  c o r a l s ;  (Samples D-106 
th r o u g h  D-102) 2 .2

24 L im es to n e ,  medium c a l c i r u d i t e :  e c h in o d e rm -b ry o 
zoan b i o m i c r u d i t e ,  w i t h  b r a c h i o p o d s ,  t r i l o b i t e s ,  
t a b u l a t e  and ru g ose  c o r a l s ,  and O s a g i a ; (Samples 
D-lGl t h ro u g h  D-97) 1 .5

23 L im es to n e ,  medium c a l c i r u d i t e :  a r g i l l a c e o u s ,
o n c o l i t h i c ,  f o s s i l i f e r o u s  i n t r a m i c r u d i t e ,  w i t h  
i n t r a c l a s t s  o f  m i c r i t i c  a l g a l  b i o l i t h i t e ,  w i t h  
o n c o l i t h s  o f  O s a g i a , and C u n e ip h y c u s ; (Samples 
D-96 th r o u g h  D-94) 1.2

22 S h a l e ,  h i g h l y  c a l c a r e o u s - a l m o s t  a r g i l l a c e o u s
l i m e s t o n e ,  v e ry  f o s s i l i f e r o u s ,  c o n t a i n s  a l g a l  
o n c o l i t h s ,  b ry ozoans  b r a c h io p o d s  f r a g m e n t s ,  and 
ech inoderm  p l a t e s ;  (Samples D-93 th ro u g h  D-90) 3 .4

21 L im es tone  and s h a l e :  l i m e s t o n e ,  m i c r i t i c  a l g a l
b i o l i t h i t e s - b i o m i c r u d i t e s , w i t h  C u n e ip h y c u s ,
O s a g i a , A r c h a e o l i t h o p h y l lu m  m i s s o u r i e n s i s , A. 
l a m e l lo s u m , g o n i a t i t e s  , b r a c h io p o d s  gas t r o - 
p o d s ,  p e le c y p o d s ,  b r y o z o a n s ,  M i c h e l i n i a , L i t h o 
s t r o t i o n e l l a ; s h a l e ,  v e ry  i r r e g u l a r ,  l e n s i n g  
i n  and. o u t ,  c a l c a r e o u s ,  m o s t ly  I" ,h t  g r e e n i s h  
g r a y ;  (Samples D-89 th ro u g h  D-72; 15.2

20 L im es to n e ,  f i n e -  t o  m e d i u m - c a l c i r u d i t e : m i c r i t i c ,
i n t r a c l a s t s - b e a r i n g  b r y o z o a n - a l g a l - c r i n o i d  b i o 
s p a r r u d i t e ,  C une iph y cu s , O s a g i a , g o n i a t i t e  and 
n a u t i l o i d  c e p h lo p o d s ; (Samples D-71 th ro u g h  
D-65) 6 .1

Remarks: S e v e ra l  f a u l t s  app ea r  i n  lower
u n i t s  g i v i n g  u n r e l i a b l e  c o r r e l a t i o n  r e 
s u l t s ;  t h e r e f o r e  t h e s e  u n i t s  a re  n o t  d e s 
c r i b e d  h e r e .
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Core E: U.S. Army Corps o f  E n g in e e rs :  Core Q-139

L o c a t io n :  C, N l / 2 ,  NWl/4, S E l /4 ,  Sec. 33, T. 13 N . , R. 20 E . , 
Muskogee County.

Core E (Q-139) l o c a t e d  4 to  4 .5  m i le s  n o r th w e s t  of  

Webbers F a l l s ,  Oklahoma, 100 to  200 y a rd s  s o u t h e a s t  o f  u p p e r 

most p a r t  o f  exposed rock  i n  Measured S e c t i o n  5, t h i s  c o r e ,  

a long  w i t h  Core D (Q-12 8) a l low  r e a s o n a b ly  complete  l a t e r a l  

t r a c i n g  among s e c t i o n s  1 - 2 - 3 - 4 - 5 .  Core measured  and d e s c r i b e d  

by David A. K o t i l a  in  J a n u a r y ,  1965.

UNIT DESCRIPTION THICKNESS (FEET)

11 Overburden - no s o l i d  r o c k ,  l im e s to n e  and
s h a l e  f ragm en ts  (Depth below to p :  i n t e r v a l  
0 .0  to  27. 7) 27 .7

Morrow Form ation

10 L im es tone ,  l i g h t  brownish  g ray  and l i g h t  o l i v e
g ra y  (5 Y 6 / 1 ) ,  b i o m i c r u d i t e  a t  b a s e ,  g r a d in g  
up to  b i o m i c r i t e  i n  m id d le ,  (Top: medium- 
c o a r s e  c a l c a r e n i t e :  c o a ted -e ch in o d e rm  b i o 
s p a r i t e ,  b ry o z o a n s ,  o s t r a c o d e s ,  w e l l - s o r t e d ) ,  
c o n ta in s  b r a c h i o p o d s ,  g a s t r o p o d s ,  t r i l o b i t e  
f r a g m e n ts ,  v e ry  f o s s i l i f e r o u s
(Depth below to p :  i n t e r v a l  27.7  to  38 .2)  10 .5

9 Limestone and s h a l e :  l im e s t o n e ,  medium d a rk
g r a y ,  o n c o l i t h s  abundant  i n  lower 3 f e e t ,  d e 
c r e a s i n g  to  none 7 f e e t  above b a s e ,  m a t r i x  
m i c r i t i c  i n  lower 9 ^ e e t ,  s p a r i t i c  i n  u pper  4 
f e e t ,  c o a r s e  c r i n o i d a l  and b l a s t o i d a l  m a t e r 
i a l  th ro u g h o u t  u n i t ,  c o n t a in s  t h i n  (0 .25  t o  0 .5  
in c h e s )  c o a l i f i e d  l a y e r  2 f e e t  below t o p ,  (2 
f e e t  below top :  medium-coarse  c a l c a r e n i t e :  
s i l t y ,  a r g i l l a c e o u s ,  echinoderm b i o m i c r i t e ,  
w i t h  much p y r i t e  rep la ce m e n t  i n  p o c k e t s  and 
l e n s e s ) :  s h a l e s  t h i n  (1 to  3 i n c h e s ) ,  and 
i n t e r s p e r s e d  between 2 to 6 in ch es  t h i c k  l i m e 
s t o n e s ,  most  a re  medium l i g h t  g r a y ,  one s h a l e  
i n t e r v a l  4 .5  f e e t  from top dusky brown t o  o l i v e  
b l a c k ,  4 in ch e s  t h i c k ;  t o t a l  t h i c k n e s s  o f  u n i t  
(Depth be low to p :  i n t e r v a l  38.2 to  51 .3)  13.1
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S h a l e ,  l i g h t  o l i v e  g ray  (5 Y 6 / 1 ) ,  i r r e g u l a r  
and d i s t o r t e d  w i th  a l g a l  o n c o l i t h s  i n  abun
dance i m p a r t i n g  a n o d u l a r  appea ran ce  to  t h e  
u n i t
(Depth  below to p :  i n t e r v a l  51 .3  to  52 .8 )  1 .5

L im es to n e ,  l i g h t  b row n ish  g ra y  and l i g h t  o l i v e  
g ray  (5 Y 6 / 1 ) ,  c o n t a i n s  wavy i r r e g u l a r  g r e e n 
i s h  g ra y  (5 GY 6 / 1 ) ,  s h a l e  p a r t i n g s ,  (7 f e e t  
above b a se :  a l g a l  b i o l i t h i t e ,  w i t h  Cuneiphycus 
and A r c h a e o l i t h o p h y l lu m ) ; u n i t  i s  abou t  70%
1im e s to n e ,  30% s h a l e  20 .3
(Depth  below to p :  i n t e r v a l  5 2 .8  to  73 .1)

Sha le  w i t h  l im e s to n e :  s h a l e ,  medium d a rk  g ray  
in  lo w e r  3 f e e t ,  g r e e n i s h  g ray  (5 GY 6 /1 )  i n  
u pp e r  4 f e e t ,  q u i t e  i r r e g u l a r  and d i s t o r t e d ,  
c o n t a i n s  n o d u l a r  a l g a l  l i m e s t o n e s :  l i m e s t o n e ,  
medium d a r k  g r a y ,  n o d u l a r ,  a l g a l ;  u n i t  i s  a bou t  
60% s h a l e ,  40% l im e s to n e
(Depth below to p :  i n t e r v a l  73.1  to  80 .1 )  7 .0

L im es to n e ,  g r a y i s h  r e d  (5 R 4 /2 )  and l i g h t  
b ro w n ish  g r a ’" c r i n o i d a l ,  c o n t a i n s  1 to  2 
i n c h  s h a l e s  ^ g re e n is h  g ray )  i n  upper  4 f e e t ,  
t e x t u r e  i s  medium c a l c i r u d i t e  a t  b a s e ,  d e 
c r e a s i n g  upward to  c o a r s e  c a l c a r e n i t e ;  (4 .5  
f e e t  above b a s e :  f i n e  c a l c i r u d i t e :  ech inoderm  
b i o s p a r r u d i t e ,  w i t h  b r y o z o a n s , b l a s t o i d s ) :
(Top: echinoderm b i o s p a r i t e ,  w i t h  b ryozoans  
and t h i n  s h a l e  p a r t i n g s )
(Depth  below to p :  i n t e r v a l  80 .1  t o  89 .0)  8.9

L im e s to n e ,  medium g ra y  and l i g h t  o l i v e  g ray  
(5 Y 6 / 1 ) ,  c o n t a i n s  wavy medium gray  s h a l e  
p a r t i n g s  (Base: b ryo zo a n -ec h in o d e rm  b i o s p a r 
r u d i t e ) ;  t e x t u r e  becomes f i n e r  upward 
(Depth below to p :  i n t e r v a l  89.0 t o  94 .6 )  5 .6

L im es to n e ,  g r a y i s h  r e d  and l i g h t  b row nish  g ray  
i n  u pp e r  6 f e e t ,  o l i v e  g ray  and l i g h t  b ro w n ish
gray  i n  lower  18 f e e t ,  (18 f e e t  above b a s e :
f ine-m edium  c a l c i r u d i t e :  c r i n o i d a l  b i o s p a r r u 
d i t e ,  w i t h  b ry o zo a n s )  u n i t  becomes l e s s  c r i n o i 
d a l  and r i c h e r  i n  b ryozoans  i n  lower h a l f ,  
lower  8 f e e t  has m i c r i t e  m a t r i x ,  upper  16 f e e t  
s p a r i t i c  m a t r ix
(Depth below to p :  i n t e r v a l  94 .6  t o  118 .4 )  23 .8

Lim es tone  w i t h  t h i n  s h a l e s ;  l i m e s t o n e ,  medium 
d a rk  g ray  and o l i v e  g ray  (5 Y 4 / 1 ) ,  c r i n o i d a l ,  
a r g i l l a c e o u s ,  (Base:  f i n e  c a l c i r u d i t e :  m i c r i t i c
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ech inoderm  b i o s p a r r u d i t e ,  w i t h  b r y o z o a n s ) ,  
c o n t a i n s  wavy, i r r e g u l a r ,  medium g ray  s h a l e s  
1 t o  2 in c h e s  t h i c k
(Depth below t o p :  i n t e r v a l  118 .4  to  126 .0 )  7 .6

L im es to n e ,  medium g ra y  and medium da rk  g r a y ,  
s l i g h t l y  sandy ,  a r g i l l a c e o u s ,  c o n ta in s  t h i n  
(0 .5  to  1 inch )  medium da rk  g ray  s h a l e  p a r t 
i n g s  (2 f e e t  above b a s e :  s and y ,  a r g i l l a c e o u s ,  
ech inoderm  b i o m i c r i t e - b i o s p a r i t e  t r a n s i t i o n )
(Depth below to p :  i n t e r v a l  126.0  to  129.8)  3 .6
( T o t a l :  129 .8  f e e t )



APPENDIX B

ALGAL DIMENSIONAL DATA

A l l  measurements  o f  a lg a e  f e a t u r e s  were made w i t h  a 

m ic ro s c o p e  eq u ip p e d  w i t h  an o c u l a r  m ic ro m e te r .  A l l  m e a su re 

m ents  g iv e n  i n  t h e  f o l l o w i n g  t a b l e s  a r e  i n  m ic ron s .

Where a l g a l  m i c r o s t r u c t u r e  i s  i n v o lv e d ,  th e  l a r g e s t  c e l l s  

i n  any c l u s t e r  o r  group were measured  because  th e  randomness 

o f  t h e  c u t s  th r o u g h  su c h  f e a t u r e s  can cause  c e l l  s i z e  to  

a p p e a r  s m a l l e r  th a n  a c t u a l i t y  b u t  cann o t  cause  them t o  a p p ea r  

l a r g e r .

In  t h e  t a b l e s  be low d a t a  a r e  a r r a n g e d  by t h i n  s e c t i o n  

and m easu red  s e c t i o n .  A l l  th e  d a t a  from one t h i n  s e c t i o n  

a r e  p r e s e n t e d  i n  two h o r i z o n t a l  rows. The u p p e r  row o f  

m easurem ents  r e f l e c t  t h e  minimum and maximum s i z e  o f  t h o s e  

f e a t u r e s  m easured .  The low er  row o f  d a t a  r e p r e s e n t s  t h e  

a r i t h m e t i c  means f o r  eac h  c a t e g o r y  w i t h  th e  number o f  i n d i v i 

d u a l s  m easured  i n  each  ca se  g iv e n  i n  p a r e n t h e s e s .  Fo r  exam

p l e ,  i f  f i v e  c r u s t s  were m easured  and had t h i c k n e s s e s  o f  100, 

200,  200, 250, and 300 m ic ro ns  r e s p e c t i v e l y ,  t h e  f i g u r e s  

g i v e n  on th e  u p p e r  row o f  d a t a  would be 100-300 ,  whereas  t h e  

f i g u r e  g iv e n  on th e  lower  row o f  d a t a  u nder  t h a t  same c a t e 

g o ry  would be 210 C5), 210 m icrons  b e in g  th e  mean, t h e  (S)
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i n d i c a t i n g  t h a t  5 c r u s t s  were measured .

At t h e  end o f  eac h  t a b l e ,  two h o r i z o n t a l  rows o f  f i g u r e s  

summarize t h e  f e a t u r e s  from a l l  t h i n  s e c t i o n s  s t u d i e d ,  a g a in  

t h e  u p p e r  row g i v in g  th e  range  be tw een  th e  minimum and m ax i 

mum s i z e s  m easu red ,  and th e  low er  row r e p r e s e n t i n g  t h e  mean 

v a l u e s  and th e  t o t a l  number o f  measurements  made o f  t h a t  

c a t e g o - y  f o r  a l l  t h i n  s e c t i o n s .  For  example,  un d e r  th e  c a t e 

gory  o f  c r u s t  t h i c k n e s s  t h e  f i g u r e s  75-420 i n d i c a t e  th e  e x 

t rem es  o f  s i z e s  o f  t h o s e  measured  and 247 (84) on t h e  lower  

l i n e  i n d i c a t e s  t h e  mean c r u s t  t h i c k n e s s  o f  the  84 measured  

to  be 247 m ic ro n s .



Me a s . 
s e c .  - 
u n i t

T h in
s e c .
number

T h i c k 
n e s s
t h a l l u s

T h i c k 
n e s s
h y p o t h a l l u s

T h ic k n e s s
p e r i -
t h a l l u s

C o n c e p t a c l e
w i d t h x h e i g h t

H y p o t h a l l i c
c e l l s

P e r i t h a l l
c e l l s

3-9 A-167 250-430340(2) 160-310 2 3 5 (2)
40-7055(2) 1 8 -4 0 x 30 -6530x48(6) , 8 - 1 3 x 1 3 - 1 8  

12x15(5)

3-12 688 28-35x40-5032x45(2)
3-12 A - 131 480-768

614(6)
340-608 
462 (6)

4 8-9676(6) 560x176560x176(1) 4 0 -8 0 x7 2 -1 2 053x91(6) 7 -12 x 12 -2110x15(7)
3-12 A-150 364-850

6 03(7 )
280-620 
445 (7)

4 2-184
86(8)

980x320
980x320(1)

35-50x63-72
40x67(8)

7 -12 x 10 -28
9x16(6)

3-12 A-127 192-600
399(5)

130-480
314(5)

32-72
45(5)

820-960x380-560
890x470(2)

32 -48 x 48 -8037x69(5) 7 -1 4 x 1 4 -2 4
10x19(5)

3-12 A- 154 350
350(1)

190
190(1 )

113
11 3 (1 )

870x500 870x500(1)
13-2 A-111 3 0 - 35x38-65 32x54(4) 8-13x13-1910x15(4)
13-5 A-117 2 5 -3 0 x4 0 -4 528x41(4)
13-7 A-105 480-880

627(3) 390-730
510(3)

50-80
6 5(3 )

4 0 -96 x6 4 -1 6 0  6 6 x10 0 (6)
1 0 -2 1 x 1 4 -2 813x21(5)

13-7 A-132 465
4 65(1 )

925x518
925x518(1)

16-6 727 32-50x52-9043x65(12)
24-12 A-170 80-100 x 10 0 -1 40

WOl

85x112(4)
T a b le  9;  D im e n s io n a l  D a ta  - A r c h a e o l i t h o p h y l l u m  m i s s o u r i e n s i s  J o h n s o n



Meas. T h in  T h ic k -  T h ic k -  T h ic k n e s s
s e c . - s e c .  n e s s  n e s s  p e r i -
u n i t  number t h a l l u s  h y p o t h a l l u s  t h a l l u s

26-19 703 360-1120 270-650
750(4)  493(4)

26-19 A-110

50-320
150(4)

C o n c e p t a c l e
w i d t h x h e i g h t

700x420 
700x420 (1)

H y p o t h a l l i c  
c e l l s _____

5 6 -1 16 x 84 -13 2
92x103(4 )

3 5 -5 0x 6 5-70
4 2x67(3)

P e r i t h a l l i c  
c e l l s _______

1 0-1 8x 1 4-21
14x18(5)

Min.-Max.  
Mean (No.)

192-1120  130-730
5 6 1 .1 ( 2 9 )  415(28)

40-320 5 60-980x176-518
82(29)  831x411(7)

18 -11 6 x 3 0 -1 6 048x72(64) 7 -2 1 x 1 0 -2 8
11x17(37)

K>
Es.)
cr\

(continued) Table 9: Dimensional Data - Archaeolithophyllum missouriensis Johnson



Me a s . 
Sec .  - 
u n i t

T h in
s e c .
number

C r u s t
t h i c k 
n e s s

H y p o t h a l l u s
t h i c k n e s s

P e r i -
t h a l l u s
t h i c k n e s s

C o n c e p t a c l e
w i d t h x h e i g h t

H y p o t h a l l i c
c e l l s

P e r i t h a l l i c
c e l l s

3-12 A-145 100-225
161(7 )

85-150
108 (4 )

25-4032(3) 1 3 -1 7 x 2 0 -2 4
15x22(2)

6-8x12
7x12(2)

3-12 A-153 250-360
290(3)

135-240
1 90(3 )

42-8064(3) 1 3 -2 5 x 25 -32
1 9x28(2 )

6 -8 x 1 0 -1 3  7x12(3)
3-12 A-154 162-185

174(2 )
125-130
128(2)

25-3832(2) 1 3 -2 6 x 1 8 -3 9
19x28(6)

7x7-13
7x10(2)

5-15 A-134 100-275
1 82(7 )

115-155
130(3)

28-40
35(3)

1 85-3 75 x 90 -15 0  
2 80x120(2)

1 8 -2 5 x2 0 -3 0
22x25(2)

5-15 A-135 100-225
158(10)

13-2 A-132 100-300
1 85(5 )

120-240
145(5)

18-40
25(5)

1 3 -2 5 x 18 -4017x27(6)
1 3-7 A-129 100-200

130(5)
1 5 -2 0 x 1 8 -2 8

18x23(4)

13-7 A - 133 148-180
162(4)

120-140
128(3)

20-3025(3) 205-290x90-110
245x100(2)

1 3 -2 0 x 20 -26
17x25(3)

Min. -] 
Me an

Max.(No.) 100-360
173(43)

85-240
138(20)

18-80
34(19)

1 8 5 -3 7 5x 9 0-15 0
266x110(4)

1 3 -2 6 x 1 8 -4 0
18x26(25)

6-8x7-13
7x12(7)

t>oNi

Table 10: Dimensional Data - Archaeolithophyllum lamellosum Wray



Me a s . 
Sec .  - 
u n i t

2-5

3-12 

3-12 

3-12 

3-12 

3-12 

3-12

11-10

11 -1 0

12-5

1 2 - 8

T hin
s e c .
number

A-171

684

A-119

A-145

A-146

A-147

A-157

A-120

A-169

A-117

725

T h a l l u s
c e l l s

B ranch
c e l l s

5 0 -6 0 x7 0 -1 25  4 0 -90x60-120
55x98(4) 6 1x83(4)

6 0 -1 0 0x 9 0-12 5
74x106(5)

50-60x80
55x80(2)

70-95x105-150
76x127(6)

60x75-80 
60x78(2)

55x80
55x80(1)

4 0 -6 4 x 8 0 -8 8
50x82 (4)

6 0-80x80-120
75x100(4)

50-60 x7 0 -9 0
55x80(2)

40 -50 x 70 -75
47x72(3 )

35x80
35x80(1)

1 6 -3 2 x 32 -4 8
24x37(6)

80x100
80x100(1)

6 0-8 0 x 10 0 -1 20  5 0 -7 5x 7 5-1 25  
72x105(4)  56x106(4)

60 -7 5 x1 0 0-1 20  30 -7 5x 6 0-1 00  
64x109(4 )  54x90(4)

Meas. 
s e c .  - 
u n i t

12 - 8

12-9

12-9

13-2 

13-7  

13-7  

13-7

13-7

14-11 

1 6 -8  

16-8

T h in
s e c .
number

A-130

723

K-5

A-111

A-105

A-129

A-132

A-161

K-11

729

A-112

T h a l l u s
c e l l s

6 0 -7 5 x 90 -12 0
67x102(5 )

3 2 -6 4 x 4 8 -6 4
48x56(2)

3 5 -60 x 80 -10 0  
43x90 (3)

3 2-64 x6 0 -9 6
48x78(3)

6 5 -7 8 x9 5 -1 14
71x104(4)

60x80-90
60x85(2 )

5 0 -7 5x85-125
62x105(3 )

50-75 x 75 -1 0 0
59x94(4)

4 0 -4 8 x 6 5 -9 6
44x80(2 )

B ra n ch
c e l l s

75 -9 0 x1 0 5-12 0
83x117(5)

3 2 -4 8 x 64 -96
42x77(5 )

40 -50 x 60 -10 0  
45x80 (2)

48 -65 x 64 -10 0  
56x82 (2)

2 8 -5 6 x 4 2 -7 7
43x58(5 )

60x60-75
60x68(2 )

50 -7 5 x7 5 -1 00
67x98(3 )

tots)
C O

Table 11: Dimensional Data - Cuneiphycus texana Johnson



M eas. 
Sec .  - 
u n i t

T h in
s e c .
number

T h a l l u s
c e l l s

B ranch
c e l l s

M eas. 
s e c .  - 
u n i t

T h in
s e c .
number

T h a l l u s
c e l l s

B ranch
c e l l s

16-8 A-152 4 0 -5 0x 7 5-9 0
46x79(4)

4 5-100x60-120
74x84(5)

24-12 A-170 4 0 -5 0 x 6 0 -7 5  
43x65(3)

. 50x50-60 
50x55 (2)

22-12 A-101 40x80 
40x80 (1)

60x80 
60x80 (1)

25-11 A-139 4 0 -6 4 x 80 -11 2
53x96(5)

5 0 -65 x 80 -10 0
58x96(3)

22-12 A-103 35-42x70 
38x70 (3)

28x84
28x84(2)

26-12 A-140 5 0-60x105-120
55x113(2)

22-12 A-104 4 8 -8 0 x9 6 -1 2 8
64x112(3)

64 -8 0 x1 0 0-12 8  
72x114(2)

B8H* A-165 5 0 -7 5 x 90 -1 2 0
61x105(5)

6 0 -90 x 90 -15 0  
77x107(7)

24-12 695 5 0-6 0x 7 5 -9 0
57x80(3)

Min. -Max. 
Mean

32 -98 x 48 -1 5 0  16 -100x32-150  
5 8 .5 x 9 4 ( 8 4 )  5 7 .4 x 8 5 . 6 ( 8 1 )

*Bowlby Haugh (1968) 
m easu re d  s e c t i o n  39,  
u n i t  9

(continued) Table 11: Dimensional Data - Cuneiphycus texana Johnson



M easured T h i n - s e c t i o n  G. a££ .  d u c i i G. m o ore i G. m ap lew oo d ens is
S e c . - u n i t number t u b e  d i a m e t e r tu b e  d i a m e t e r t u b e  d i a m e t e r

3-12 A-157 22-28
24(4)

9-12 A-121 8-11
9 . 3 ( 3 )

12 -7 A - 114 25-29
2 6 . 8 ( 5 )

17-1918(2) 9-10
9 . 5 ( 2 )

12-9 723 16-20
1 7 .6 ( 3 )

13-2 A-111 21-27
2 5 .3 ( 4 )

16-1817(2)
14-11 K-11 24-27

2 5 .5 ( 2 )
15-19 
1 7 . 3 ( 3 )

15-15 A-116 25-29 
2 6 .4 ( 5 )

16
16(1)

22-12 A-104 27-29
28(2)

18
18(1)

Min,-Max.  
Mean (No.)

21-29 
25. 9 (22 )

15-20
1 7 .4 ( 1 2 )

8-11
9 . 4 ( 5 )

T a b le  12 : D im e n s io n a l  D a ta  - G i r v a n e l l a  s p .

K)
O



M easured  
S e c . - u n i t

T h i n - s e c t i o n  
number

L e n g th  o f  
t h a l l u s

D ia m e te r  
o f  t h a l l u s

D ia m e te r  o f  
c e n t r a l  s t e m

T h ic k n e s s
b r a n c h e s

3-12 A-1S8 2250-3250 
2750 (3)

400-650525(5) 175-300 
285 (5)

6-16 A-136 2500-4500
3400(5)

375-400388(2) 200-225
213(2)

6-16 A-163 3360-34003380(2) 500-810
642(5)

260-580393(5) 12. 5 
1 2 . 5 ( 1 )

11-8 A-123 1500-3000
2090(6)

375-675525(5) 220-290265(5) 5-107(3)
11-8 A-124 3000-3300

3180(3)
420-700
527(3)

250-500
353(3)

9
9(1)

11- 8 A-125 2500-50003550(5) 510-625567(2) 250-375312(2)
11-8 A-162 4940 

4940 (1)
400-750 
630 (4)

250-470 
4 0 2 (4)

12-8 A-130 1500-2000 
1750 (3)

325-725
531(4)

150-425308(4)
13-7 A-160 2500

2500(1)
425-750
552 (5)

210-440318(5) 6-10
7 . 5 ( 4 )

BSH* A-168 625-1000
808(3)

450-600520(3)
Min.-Max. 1500-5000 325-1000 150-600 5 - 1 2 . 5

2914(29)  521 (38) 328(38)
*Bowlby and Haugh ( 1 9 6 8 ) ,  m ea su re d  s e c t i o n  33,  f rom a l g a l  u n i t  

T a b le  13: D im e n s io n a l  D a ta  - Genus A K o t i l a

8(9)
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Cune^mcus

A.missouriensis 9

B
A.missouriensis

L I I I 1

I I I  1

ATOKA FORMAT 

MORROW FORMA"

BLACK SHALE 
AND

CARBONATE MEMB

ALGAL LiMESrON 
AND 

SHALE MEMBER

MIXED CANBONAT 

SHALE MEMBER

p \ T V ^ ' ^

EXPLANATION
1—r-i I I '

Limestone

Algal Limestone

«4aqS6GC<(WM«
n9»9Htts*n»tw% # # # #  Sandy Limestone

Congiom

Cross-be 
Sandy Li

Partly cc/tStl%£%lp\/Wt



)RMATION M.S. 11

M.S. 16,17,18
-ORMATION

SHALE 
ND
^E MEMBER

1MEST0NE 
NO
MEMBER Cune^meus

XRBONATES

m em ber
AJamwfûsum

p , a a , , i

^ t \ o H

m
m

Conglomerate

Cross'tedded 
Sandy Limestone

Drtrfhi

1 //
.c



B 1 /2  miles 71 /2  miles-

M.S. 16,17,18

Cunetpfycus
I I I I ‘ I

I I »'!

Cuneiphycus
Osagia
A.missouriensis
Ctmiphycus

Ottonosia —  — -------_

A .iam iiostm

N Sp-J

T
1 5
N

S



7 1 /2  miles-

M.S. 16,17,18

il

M.S. 21

Osagia

Cuneiphycus
Osagia
A.missourlensls 
Cuneiphycus 

m Osagia 
Ottonosia —  — ,

A.missouriensis

Ossgia

Cuneiphycus

CROSS SECT



■ 7 1 /2  miles- •7 1 /2  miles-

M.S. 21
M.S. 26

A.mtssouriensis

CROSS SECTION B-B'



• 7 1 /2  miles-

M.S. 21
M.S. 26

24-23

Osog/a 

Cuneiphycus

A.missouriensis

Osagia

Cuneiptgfcus

A.m issouriensls
Cunetphgeus
Osagia

Cune^hgeus
Osagia

Cuneiphycus

CROSS SECTION B-B'



-150

-100

- 5 0

l-O

CtmeiphycusOsa^
A.missamlensis

A.missouriensis

Ohonosn

Ottonosia

Cuneiphycus

A.missouriensis
A.iameiiosum
A.m issowi»ai9 ^

Cuneiphycus

Osagm 
A.missouriensis %

A.missourienas

ALGAL LiMESTONk 
AND

SHALE MEMBER

MIXED CARBONATL

s h a l e  m em ber

Cuneiphycus

Cuneiphycus

« « O '»

EXPLANATION

LLl'i. .1 1
TVrnrT'

Limestone

«(omssccûiMwa ts0VBs«)CHiaef} ivmsHttsieoscw sworn 3» m MU u

Algal Limestone 

Sandy Limestone

Limestone with 
oncollths

Sandstone

Shale and/or 
Argillaceous mudstone

Slltsfone

Conglomer

Cross-bedi 
Sandy LIm

Partly com 
(lithology c

Covered

—  — — — — Member B

Unconfbrmi 
(dashed wl

M.S. 7  -Measured ;

Correlation



ALGAL LIMESTONE 
AND 

SHAL E  MEMBER

WXED c arbo n ates  

SHALE MEMBER

m em ber

'AJameHosm

A k s a  n w  cast a n  tnff SVff̂g&RWKttROS VSMBWraiBSffiHn

iig E I i

ANATION

Conglomerate

Crrss'bedded 
Sandy Limestone

Partly covered 
(littmlogy as indicated)

Covered

• Member Boundary

Unconformity 
(dashed where inferred)

M. S. 7  Measured section number 

? — — —  — — Correlation uncertain

RZOE

Inc



r m

^ MM m m m  mmmm mmmm «hm MM mm mmm <mm mm m̂»

Cuneiphycus

Osagkt

'A.Iamellosim

Cwiefphyeus

Àmissour/ensis
C tm lpt̂ cus

Ottonosia

CHEROKEE COUNTY 
• I I I '4 I l'" | -  
•SEQUOYAH COUNTY

6-17-18 I I I  I  -
R23ER22E

R21E

Indm Map of Cross Section.



CwmphyeusI ■

Am /ssouruns/s 
Cunelptiycus

Ottonosia —

CHEROKEE COUNTY
■SEQUOYAH COUNTY.
6-17-18 I  I  I  I -

R23ER22E
- R21E

R20E

CROSS

\ndsx Map of Cross Section.



CuneiphycusI  .  I  * 1  . T l . - J

12

10

r f T i ,c %

A.m/ssour/ensis

13

10

PE

CROSS SECTION B-B'
by

DAVID A. KOTILA 

Ph. D. D issertation

1 9 7 3  

PL A T E  18



Osagia

Ctmaipigajs

13

12

11
.?■

10

9 ;e7:

4 -3 :
2
1

I ; I ; I ; I pL

A.missouri«nsis

2 3— Ç ~

Cuneip/̂ cus

A.missouritnsis
CuMiphycas
Osagia

Cunsiphycus
Osagia

Cunsiphycus

CROSS SECTION
by

DAVID A. KOTILA

Ph. D. D issertation

1 9 7 3

PLATE 18



- 1  mile- 4  miles ■

FEET
1—200

- 1 5 0

—ICO

—50

M.S. 13 
and 

M .S .4 2
Sutherland 
and Haugh

M.S. 3
23-24

rm
r m
rm

Ottonosa — 
Osagia

18-19
M.S. 5

n ~i3
-  A. mrssour/MSis 

Cunefphycus ' 
Osagia

Cutmphycus

A.Iamellosum

A. umaiosum  
A. missouriensis

V/-.'/  6
A. missouriensis /  
Osagia y  5

/
A.missouriensis 

/

mm
r - i • I • 1-1

L i,. 1.1 ■ f

sm sm m
r - r -T -r-1

_

m

EXPLANATION

Limestone
I ' r  I ' i ' i '

Algal Limestone



' 4  miles ' 9  miles

ouriansis iya« '

Vosum

M.S. 13 
and 

M .S .4 2
Sutherland 
and Haugh

20

I I I I I

L L-lll J
r T *x~T,Ti:

BLACK SH A LE  
AND

CARBONATE MEMBER

LIMESTONE
an d  ^  

s h a l e  m em ber

Cuneiphycus 
A. missouriensis

A.iameiiosum 
A.missouriensis 

' Cuneiphycus W 'XED o f f '

M

gfaNOT

EXPLANATION

Limestone

Algol Limestone

Conglomerate

Cross-tiedded 
Sandy Limestone

c
VV4

V



9  miles 6  mil*

BLACK SHALE 
AND

CARBONATE MEMBER

Hycus
vurmnsis

iHosum
vuriensis
hycus

a l g a l  l im e s t o n e

and
s h a l e  MEMBEN^^

M.S. 2 2

16

14

.13-

I I I 'nir

I ' I ' I * in '

! r .'fyir t! {

SANO'^

A. missouriensis 
Cuneiphycus

■ A.missouriensis

— A. missouriensis

■ A. missouriensis

verate

Redded
Limestone

m

LV.

24

I
c '



6  miles ■

M.S. 2 2

M.S.14

20  '

%iALE  

MEMBER

A. missounensis 
Cuneiphycus

A.missouriensis

— A.missouriensis

— A, missouriensis r  r i~  r T

«safteHMSioeae

xknoasMsgBwf

âS y i:i-4iJ

3 c
/A

4 CROSS



6 miles - -31/2 miles

M .S .24

'O /i^ M.S.14

A  missounensis 
Cuneiphycus

— A.missouriensis
A. missouriensis 
Osagia 
Cuneiphycus

A.missouriensis A.missouriensis

c NmWB «UM AiW »C0aanntiBtuswn
9BR POO WR W( IVB «MiWHMKuanaiBSIVB9 ma» MO noM Bku K

A. missouriensis
MP KM M» XMM WW s3SBSaW®HB((0»«e

SSRAliBMinSlM

XkOKOtnSMSgB»

^ 1
i^y.4î-4ij

CROSS SECTION C -C



-31/2 miles

M .S .24

% M.S.14

%

« ^ r / o v

A. missouriensis
Osagia
Cuneiphycus

•*A. missouriensis

6 
5

Osagia
A. missouriensis 
Osagia 
Cuneiphycus 
A.missouriensis

- Cuneiphycus

— A.missouriensis

on DflN msx «*«wmMNtawamg
« B  a a s  s e i  P O M  c i o i  X

■itg*

ra sw su am BMI SKESZiWBISIBfiM

CROSS SECTION C-C'



I bE. I 
1-200

•150

-1 0 O

•50

•0

23-24

I I I f I

Ottonosio — — —  —  ? 
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