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I n t r o d u c t  ion*

Since th e  p u b l i c a t i o n  of E. T. Dumble's comprehensive s t u d i e s  

o f  th e  T e r t i a r y  of  e a s t e r n  Texas, a v a s t  amount o f  s t r a t i g r a p h i c  

d a t a  has  been made a v a i l a b l e  by th e  d r i l l i n g  of thousands  of deep 

o i l  w e l l s  i n  t h i s  r e g i o n .  A lthough numerous ad m ira b le  papers  have 

been w r i t t e n  on the  T e r t i a r y  of  the  Texas Gulf  Coast s i n c e  the 

advent  of deep d r i l l i n g  i n  t h i s  a r e a ,  f u l l  advan tage  h as  r a r e l y  

been  taken  of a v a i l a b l e  s u b s u r f a c e  d a ta  w i th  the r e s u l t  t h a t  t h e  

emphasis ,  in  most c a s e s ,  has  been p la ce d  upon s u r f a c e  geology.

The purpose of t h i s  i n v e s t i g a t i o n  i s  t o  make a d e t a i l e d  s tu d y  

o f  th e  s u b s u r f a c e  fo rm a t io n s  o f  an  a r e a  to  be d e f i n e d  l a t e r  and to  

c a r r y  t h e  i n v e s t i g a t i o n  up the  r e g i o n a l  d ip  t o  t h e  o u tc ro p  of th e s e  

f o rm a t io n s .  By thus  em phasiz ing  th e  s u b s u r f a c e  development of the 

fo rm a t io n s ,  i t  i s  hoped to  b r in g  about  a  b e t t e r  u n d e r s ta n d in g  of  

th e  s t r a t i g r a p h y  and h i s t o r i c a l  geology o f  the  a r e a  th a n  was p r e v i ­

ous ly  p o s s i b l e .

The w r i t e r  h as  r e l i e d  l a r g e l y  upon th e  work o f  o t h e r s  for  

d e s c r i p t i o n s  of the  fo rm a t io n s  a t  the  o u tc ro p  though some of them 

a r e  based  upon h i s  own f i e l d  work. To a l a r g e  e x t e n t , th e  r e p o r t  

which fo l low s  complements the  s u r f a c e  work of o t h e r  g e o l o g i s t s .

The a r e a  h e r e  d e s c r ib e d  c e n t e r s  i n  H a r r i s  County, Texas.

S u rface  and s u b su r fa c e  s t u d i e s  were ex ten d ed  nor thw ard  from H a r r i s

County to  the  o u tc ro p  o f  the Cook Mountain fo rm a t io n s  which a r e

th e  o l d e s t  beds p e n e t r a t e d ,  a t  the  time of t h i s  w r i t i n g ,  by wells
1

d r i l l e d  i n  H a r r i s  County . The i n v e s t i g a t i o n  was a l s o  c a r r i e d
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1 .
N o te :  One w e l l  was r e c e n t l y  d r i l l e d  i n  n o r t h e r n  H a r r i s  County

a p p ro x im a te ly  2500 f e e t  below the  top  o f  the  Cook M ounta in .  This  
may be a s  much a s  1000 f e e t  below t h e  Cook Mounta in ,  b u t  d e f i n i t e  
i n f o r m a t i o n  i s  n o t  y e t  a v a i l a b l e  on t h i s  w e l l  s e c t i o n .

southw ard  to  the  Gulf  o f  Mexico and i n t o  n e ig h b o r in g  c o u n t i e s  On 

t h e  e a s t  and w es t .  I t  i s  hoped t h a t  a s u f f i c i e n t l y  l a r g e  a r e a  has  

been  in c lu d e d  t h a t  the  post-v7ech.es s t r a t i g r a p h y  and h i s t o r i c a l  

g eo lo g y  o f  most o f  s o u t h e a s t e r n  Texas w i l l  be a p p a r e n t .  I n s o f a r  

a s  t im e  would p e r m i t ,  t h e  r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  have been 

p r e s e n t e d  i n  th e  framework o f  a g e n e r a l i z e d  comparison o f  the  

f o rm a t io n s  i n  t h i s  a r e a  w i th  t h o s e  of  s o u th w e s te rn  Texas and s o u th e rn  

L o u i s i a n a .

The w r i t e r  has r e c e i v e d  t h e  c o o p e ra t io n  o f  many p e o p le  i n  t h i s  

u n d e r t a k i n g .  O f f i c i a l s  o f  th e  Amerada P e t ro leu m  C o rp o ra t io n  made 

a v a i l a b l e  a l l  l a b o r a t o r y  f a c i l i t i e s  o f  the  company, co re s  and samples 

o f  r o c k - c u t t i n g s  from numerous w e l l s  and o th e r  g e o lo g ic  d a t a  on a l l  

w e l l s  d r i l l e d  i n  t h i s  a r e a .  W ithout  t h i s  c o o p e r a t io n ,  th e  comple­

t i o n  o f  t h i s  i n v e s t i g a t i o n  would have been im p o s s ib l e .  The w r i t e r  

i s  p a r t i c u l a r l y  g r a t e f u l  to  Mr. A. R. Denison,  C h ie f  G e o lo g i s t  o f  

th e  Amerada P e t ro leu m  C o rp o ra t io n ,  f o r  making p o s s i b l e  c o n t in u ed  

r e s i d e n c e  i n  Houston, Texas ,  when the  normal workings of  th e  company 

would have r e q u i r e d  r e s i d e n c e  e l s ew h e re  b e fo r e  t h e  com ple t ion  o f  

t h i s  work.

The w r i t e r  i s  a l s o  i n d e b te d  to  D rs .  W. H. Bucher ,  N. M. Fenneman, 

and J .  L .  R ich  o f  th e  U n i v e r s i t y  o f  C i n c in n a t i  f o r  r e a d i n g  the  

m a n u s c r ip t  and o f f e r i n g  v a l u a b l e  recom mendations .  Mr. Lewis W.
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Mac Naughton c o n t r i b u t e d  f r e e l y  from h i s  u n p u b l i s h e d  s u r f a c e  s tu d i e s  

and r e a d  and c r i t i c i z e d  th e  f i r s t  d r a f t  of th e  m a n u s c r ip t .  Dr. G. I* 

A tw ate r ,  Mr. Lon D. C a r tw r ig h t  J r . ,  Dr. H. N. F i s k ,  and Mr. J .  W. 

K i s l i n g ,  J r . ,  a l s o  r e a d  th e  m anuscr ip t  and o f f e r e d  many s u g g e s t io n s .  

C o n v e rsa t io n s  on v a r io u s  phases  of the  work were a l s o  had with 

Mr. J .  C. C ruse ,  Jr. and Dr. Bruce H a r l to n .  F i n a l l y ,  the  w r i t e r  i s  

g r a t e f u l  to Mrs. W. G. Meyer who typed the m anuscr ip t  and ren d e red  

v a lu a b le  a s s i s t a n c e  i n  i t s  p r e p a r a t i o n  i n  many o th e r  ways.
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S t r a t i g r a p h y ,
G enera l  F e a t u r e s ,

The T e r t i a r y  and Q u a te rn a ry  systems o f  the  Texas Gulf  Coast  

a t  t h e  o u tc ro p  a re  a  s u c c e s s io n  o f  m arine  and c o n t i n e n t a l  d e p o s i t s .  

As th e  se a s  p e r i o d i c a l l y  advanced and r e t r e a t e d  over  th e  a r e a  now 

o cc u p ie d  by th e  o u tc ro p  o f  t h e s e  sy s tem s ,  s e r i e s  o f  s t r a t a  were 

d e p o s i t e d  which a r e  a l t e r n a t e l y  m arine  and c o n t i n e n t a l .  The two 

o l d e s t  T e r t i a r y  fo rm a t io n s  and a l l  b u t  t h e  u pper  p a r t  o f  the  nex t  

o l d e s t  a r e  marine a t  the  o u t c ro p .  Succeed ing  fo rm a t io n s  a s  f a r  up 

i n  t h e  s e c t i o n  a s  th e  F r io  (O ligocene)  a r e  a l t e r n a t e l y  marine and 

c o n t i n e n t a l  w h i le  th e  F r io  and a l l  younger  fo rm a t io n s  a r e  e n t i r e l y  

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

I n  the  a r e a  a d j a c e n t  to  t h e  p r e s e n t  sho re  l i n e ,  no c o n t i n e n t a l  

d e p o s i t s  a r e  en co u n te red  below the  Middle Miocene w h i le  d r i l l i n g  

f o r  o i l .  I f  a w e l l ,  l o c a t e d  i n  t h i s  a r e a ,  were to  be d r i l l e d  to  

th e  base  o f  th e  C ro c k e t t  (Upper C la ib o rn e )  a l l  beds enco u n te red  from

th e  Lower Miocene down would be m a r i n e .— The beds above th e  Lower-----

Miocene, excep t  f o r  the  u p p e r  200-300 f e e t ,  c o n t a in  s h e l l  f rag m en ts  

and may be l a r g e l y  m ar ine  though some a r e  p ro b a b ly  c o n t i n e n t a l .  A l l  

f o rm a t io n s  from the  b a s e  o f  t h e  C ro c k e t t  to  t h e  Lower Miocene t h a t  

a r e  c o n t i n e n t a l  a t  t h e i r  o u tc ro p  g rade  i n t o  a marine f a c i e s  i n  th e  

a r e a  between th e  o u tc ro p  and th e  modern sho re  l i n e  of  the  Gulf  o f  

Mexico.

H a r r i s  County, Texas, i s  l o c a t e d  i n  t h i s  i n t e r m e d i a t e  a r e a  

( F i g .  1 . ) .  Due to  t h i s  f a c t  we a r e  concerned ,  among o t h e r  t h i n g s  

i n  th e  s t r a t i g r a p h i c  p a r t  o f  t h i s  i n v e s t i g a t i o n ,  w i th  th e  d e te rm in a ­

t i o n  o f  v a l i d  c r i t e r i a  f o r  d i s t i n g u i s h i n g  m arine  from non-marine
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d e p o s i t s  i n  w el l  s e c t i o n s ,  w ith  the  s t r u c t u r a l ,  p e t r o g r a p h ic  and 

fa u n a l  changes t h a t  occur  i n  a f o rm a t io n  i n c i d e n t  to i t s  t r a n s i t i o n  

from the  c o n t i n e n t a l  to  th e  marine f a c i e s ,  w i th  th e  c o r r e l a t i o n  of  

f o rm a t io n s  t h a t  undergo such l a t e r a l  changes ,  and w i th  th e  r e l a t i o n ­

s h i p  of  pa leogeography to  o i l  accu m u la t io n .

A r g i l l a c e o u s  and a ren aceo u s  sed im en ts  predom inate  i n  th e  

Cenozoic d e p o s i t s  o f  the  Texas and L o u is ia n a  Gulf  C o a s t .  Almost a l l  

f o rm a t io n s  c o n t a i n  th e s e  two types  of  sed im en ts  i n  v a ry in g  p ro p o r ­

t i o n s ,  and t h i s  g e n e ra l  l i t h o l o g i c  s i m i l a r i t y  among the fo rm a t io n s  

c o n t r i b u t e s  to the  d i f f i c u l t y  of  d e f i n i n g  f o r m a t io n a l  l i m i t s .  The 

c o n t i n e n t a l  f a c i e s  of some of the  fo rm a t io n s  c o n t a i n s  v o lc a n ic  a sh  

and  o t h e r  p y r o c l a s t i c  m a t e r i a l .  pure  l im es to n e  s t r a t a  a r e  r a r e  and 

most o f  the  lime i n  the  s e c t i o n  i s  i n  the  form o f  cementing m a t e r i a l  

i n  s a n d s to n e ,  as  r e e f s  a round  s a l t  domes, i n  the  form o f  l im e n odu le s ,  

o r  c o n t a in e d  i n  marls*

A number o f  u n c o n f o r m i t i e s  a r e  p r e s e n t  i n  t h e  T e r t i a r y  s e c t i o n  

a t  the  ou tc ro p  and some p ro b a b ly  ex tend  a s  f a r  g u l fw a rd  a s  H a r r i s  

County. The s e c t i o n  must a l s o  c o n t a i n  many d ia s te m s  as  w i l l  be 

shown l a t e r .

The g e n e ra l  c l a s s i f i c a t i o n  of  the  T e r t i a r y  and  Q uaternary
1

d e p o s i t s  i n  e a s t e r n  Texas ,  a c c o rd in g  t o  Plummer , i s  g iven  below* 

lT
S e l l a r a s ,  E. H . , Adkins ,  W. S . ,  and Plummer, F. B . ,  Geology of 

Texas:  The Univ. o f  Texas B u l l . ,  no. 3232, p .  530, 1932.
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C l a s s i f i c a t i o n  o f  s t r a t i g r a p h i c  d i v i s i o n s  i n  Texas

Age Group Format io n Members 
N o r th e a s t  Texas

P l e i s t o c e n e Houston
1

Beaumont Undivided
L i s s i e U ndiv ided

P l io c e n e C i t r o n e l l e G oliad Undivided
P l io c e n e

and Fleming L ag a r to U ndivided
Miocene O a k v i l l e U ndiv ided
Oligocene? Ca tahou la O nalaska

C h i t a

Gueydan S ubsu rface  
s t  r a t a

D is c o rb i s  zone 
H e te r o s t e g i n a  zone 
M a rg in u l in a  zone

Oligocene F r io Absent e a s t  of 
Brazos

S u b su rface  
s t  r a t a U nd iv ided

W h i t s e t t
Jackson Faye t t  e McElroy

C ad d e l l
Yegua Undivided

Cook
C l a i -

C ro ck e t t U ndiv ided
S p a r ta U ndiv ided

oorne ■ . Mt .
S e l -
man#

Weches Undiv ided
Queen C i ty Undiv ided
Reklaw Undivided

Eocene C a r r iz o U nd iv ided  “
Sab inetown U ndiv ided

Wilcox
Rockdale

C a l v e r t  B l u f f
Simsboro
B u t l e r

Seguin C a ldw el l  Knob 
Solomon Creek

W il l s  Po in t
Kerens
Wortham

Midway Mexia
K in ca id P isg ah  

L i t  t i g
-^According to U n i te d  S t a t e s G e o lo g ic a l  Survey usage  i n  19380
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Form ations  o l d e r  t h a n  th e  C ro ck e t t  have not ye t  been re a c h e d  by th e
1

d r i l l  i n  H a r r i s  County , and th e  c l a s s i f i c a t i o n  of the  d e p o s i t s  in

1*
Note:  See fo o tn o te  on p. 2 ,

H a r r i s  County to  be used here  i s  no t  i d e n t i c a l  w i th  t h a t  o f  Plummer. 

A t a b l e  of  c l a s s i f i c a t i o n  fo r  the d e p o s i t s  in  H a r r i s  County and 

v i c i n i t y  w i th  a resume of fo rm a t io n a l  p r o p e r t i e s  w i l l  be g iv e n  when 

a d e t a i l e d  d e s c r i p t i o n  of th e  fo rm a t io n s  i s  made.

A most s t r i k i n g  f e a t u r e  of the  Cenozoic s e c t i o n  h e re  i s  i t s  

g r e a t  t h i c k n e s s  and a c h a r a c t e r i s t i c  gu lfw ard  th i c k e n in g  of  most o f  

th e  c o n s t i t u e n t  fo rm a t io n s .  An e s t i m a t e  of th e  t h i c k n e s s  of th e s e  

beds may be o b ta in e d  by combining the  s e c t i o n s  from a s e r i e s  of deep 

w e l l s  which a r e  lo c a te d  a lo n g  a l i n e  g e n e r a l l y  p a r a l l e l  t o  the  

r e g i o n a l  d ip .  The w e l l  n e a r e s t  th e  c o a s t  w i l l  g iv e  th e  t h i c k n e s s  of  

th e  younger f o rm a t io n s ,  and th o s e  l o c a t e d  f a r t h e r  in la n d  w i l l  g iv e  

s u c c e s s i v e l y  the  t h i c k n e s s  of the  o l d e r  f o rm a t io n s .  The fo l lo w in g  

w e l l s  have been s e l e c t e d  f o r  t h i s  purpose  and th e  s e c t i o n a l  t h i c k ­

n e s s e s  r e c o r d e d :

S h e l l  Petro leum C o rp o ra t io n  No. 1 Maco S te w a r t ,  
l o c a t e d  i n  s o u th e rn  G a lves ton  County; Recent to  Top Feet
of F r io  - - - - - - - - - -  ----  - _    _ _ _ _ _ _ _  io ,2 5 7

S k e l ly  O i l  Company No. B-14 F. C. Cobb, l o c a t e d  
in  Van Vleck O il  F i e l d  i n  n o r t h e r n  Matagorda County;
F r io  - 4 ,275

Bunte O i l  and  Gas Company -  Texas Gulf  p roduc ing  
Company No. 1 Westmoreland Development Company, 
l o c a t e d  i n  H a r r i s  County west of Houston; to p  of 
T e x t u l a r i a  w arren i  zone to  t o p  of  Yegua - - - - - - - -  2 ,050

The S u p e r io r  O i l  Company of  C a l i f o r n i a  No. 1 
D. F. B u t l e r ,  l o c a t e d  i n  n o r t h e r n  H a r r i s  County; top  
of  Yegua to  top of  Wilcox -  - - - - - - - - - - - - - -  3 ,513
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Hall-Edwards e t  a l  No. 1 F r a n c i s  F u lc h e r ,  l o c a t e d  
i n  e a s t - c e n t r a l  Madison County; top  o f  Wilcox t o  lower  
p a r t  o f  Midway 5 , 9 6 4

T o ta l  t h i c k n e s s  o f  Cenozoic more th a n  - - - - -  24,059

_ _________
Note :  The c o n t a c t  which i s  c a l l e d  the  top  o f  th e  Wilcox i n  t h i s

w e l l  may be a s  young a s  t h e  top  o f  the S p a r t a .  I t  i s  the  top  o f  
th e  f i r s t  sand below the  C r o c k e t t .  No Weches f o s s i l s  have been 
fo u n d .  The i n t e r p r e t a t i o n  t h a t  t h i s  sand i s  Wilcox i n  age r e s t s  
on the  assum ption  t h a t  the  S p a r t a ,  Queen C i ty ,  and C a r r iz o  sands 
have co m p le te ly  s h a le d  up and t h a t  the Weches marine fauna  has  
g raded  down-dip i n t o  a fau n a  i n d i s t i n g u i s h a b l e  from th e  C ro c k e t t  
f a u n a .  This  i n t e r p r e t a t i o n  i s  th e  most c o n s e r v a t iv e  one p o s s i b l e  
and i s  the  one h e re  a c c e p te d  f o r  th e  p u rp o se s  o f  t h i s  t a b l e  though 
th e  w r i t e r  c o n s id e r s  a younger  age  f o r  t h i s  sand q u i t e  p o s s i b l e .
I f  th e  sand i s  younger t h a n  th e  Wilcox, th e n  th e  obse rved  t h i c k n e s s  
o f  the  Cenozoic i s  c o n s i d e r a b l y  g r e a t e r  t h a n  the  t h i c k n e s s  h e re  
a t t r i b u t e d  to  i t .

As i n d i c a t e d  above,  t h i s  f i g u r e  f o r  the  t o t a l  t h i c k n e s s  o f  

th e  Cenozoic fo rm a t io n s  r e p r e s e n t s  o n ly  a f i r s t  a p p ro x im a t io n  

o b ta in e d  by p r o j e c t i n g  shoreward  the  t h i c k n e s s e s  o f  th e  low er  form­

a t i o n s  measured a t  p o i n t s  f a r t h e r  i n l a n d .  I t  i s  n o t  p ro b a b le  t h a t  

the  fo rm a t io n s  r e t a i n  t h e i r  t h i c k n e s s e s  over  the  d i s t a n c e s  in v o lv e d .  

Two o t h e r  p o s s i b i l i t i e s  e x i s t .  One i s  t h a t  d u r in g  any p a r t i c u l a r  

cy c le  o f  s e d im e n ta t io n ,  the  su p p ly  of  sed im en t  may n o t  have been  

s u f f i c i e n t  to  b u i l d  the  wedge-shaped fo rm a t io n  o u t  a s  f a r  a s  t h e  

p r e s e n t  sh o re  l i n e ,  or  t h a t  t h e  c y c le  may have been i n t e r r u p t e d  

b e f o r e  t h i s  could be acco m p l ish ed .  The o t h e r  p o s s i b i l i t y  i s  a con­

t i n u e d  gu lfw ard  t h i c k e n i n g  o f  th e  f o r m a t i o n s .  As deeper  d r i l l i n g  

f o r  o i l  c o n t in u e s  i n  the  Gulf  C o as t ,  i t  i s  becoming more and more 

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

shore  l i n e .  I f  one assumes a  c o n t i n u a t i o n  o f  f o rm a t io n a l  th i c k e n i n g  

i n s t e a d  o f  a m a in tenance  of  the  a c t u a l  t h i c k n e s s e s  r e c o rd e d  a t  p o i n t s  

i n l a n d ,  a  much g r e a t e r  f i g u r e  f o r  the  e s t i m a t e d  th i c k n e s s  o f  the
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Cenozoic i s  o b t a in e d .  The fo l lo w in g  t a b l e  shows th e  t h i c k n e s s  of  

t h e  Cenozoic fo rm a t io n s  e s t i m a t e d  by p r o j e c t i n g  shoreward  r a t e s  o f  

t h i c k e n i n g  obse rved  i n  a r e a s  f a r t h e r  i n l a n d :
F e e t

R ecen t  to  T r a n s i t i o n  Beds ( i n c l u s i v e )  11 ,000
F r io  5 ,200
T e x t u l a r i a  w ar re n i  Beds 1 ,490
Ja ck so n  2 ,500
Yegua 1 1 ,850
C r o c k e t t - C a r r i z o  ( i n c l u s i v e )  2 ,760
Wi1 cox-Mi dway 11 ,600

36,400

1 .
Note :  T h is  e s t im a te  i s  based  on th e  same as sum ption  g iv e n  i n

th e  f o o t n o t e  on page 8 .  I f  the  age of  t h i s  sand sh o u ld  be proven 
to  be younger th a n  Wilcox, s e v e r a l  thousand f e e t  must be added to  
th e  e s t im a te d  th i c k n e s s  o f  th e s e  b e d s .

I t  i s  a l t o g e t h e r  p o s s i b l e  t h a t  even t h i s  e s t i m a t e  i s  l e s s  

th a n  th e  r e a l  t h i c k n e s s  of  th e s e  d e p o s i t s .  A l l  ev id en ce  a v a i l a b l e  

a t  t h e  p r e s e n t  t im e shows n o t  o n ly  t h a t  f o r m a t io n a l  t h i c k e n i n g  con­

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

p r o x i m i t y  to  th e  p r e s e n t  sh o re  l i n e .  For example, i f  we were to 

e s t i m a t e  th e  t h i c k n e s s  o f  th e  d e p o s i t s  from the  Recent  to  th e  top  

o f  th e  F r io  i n  so u th e rn  G a lves ton  County by p r o j e c t i n g  the  amount o f  

t h i c k e n i n g  in v o lv e d  be tween  Tomball w e l l s  and th e  Westmoreland w e l l  

i n  so u th e rn  H a r r i s  County, an  e s t im a te  o f  7400 f e e t  would be o b ta in e d .  

When th e  S h e l l  P e t ro le u m  C o r p o r a t io n ’ s No. 1 Maco S te w a r t  w e l l  was 

d r i l l e d  i n  so u th e rn  G a lv e s to n  County, however, t h e s e  d e p o s i t s  were 

found  to  be 10,257 f e e t  t h i c k .  Thus the  e s t im a te d  t h i c k n e s s  i s  on ly  

72 p e r  c e n t  o f  the  t r u e  t h i c k n e s s  of  th e s e  f o r m a t io n s .  The a r e a  

occu p ied  by th e  t i e r  o f  c o u n t i e s  a d j a c e n t  to  th e  c o a s t  h a s  been 

d e p re s s e d  much more t h a n  th e  a r e a  f a r t h e r  i n l a n d .  I n  view o f  t h i s
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f a c t ,  i t  would n o t  be u n expec ted  to  f i n d  t h a t  the Cenozoic d e p o s i t s  

a lo n g  the c o a s t  s o u th  of  Houston, Texas ,  r e a c h  a t h i c k n e s s  g r e a t l y  

i n  excess  of 35 ,000  fee t*

While i t  i s  p ro b a b le  t h a t  t h e s e  d e p o s i t s  do reac h  a th ic k n e s s  

o f  35 ,000  f e e t ,  t h e  f a c t  remains t h a t  f o r m a t i o n a l  th ic k e n in g  as  f a r  

s o u th  as  the  p r e s e n t  sho re  l i n e  has no t  y e t  been proved f o r  form­

a t i o n s  o ld e r  t h a n  the F r io *  However, f o r m a t io n a l  th ic k e n in g  to a 

p o in t  15 m i le s  n o r t h  of  Houston for  d e p o s i t s  of Cook Mt. age has 

been proved*
1

I t  i s  i n t e r e s t i n g  to  n o te  t h a t  Howe has a r r i v e d  a t  a s i m i l a r

_

Howe, Henry V . , R u s s e l l ,  R ichard  J . , McGuirt, James H . , Geology 
o f  Cameron and V erm il ion  P a r i s h e s :  La. Geol .  Surv. B u l l .  no. 6,
p. 41, 1935*

e s t im a t e  f o r  t h e  t h i c k n e s s  of t h e  Cenozoic in  so u th e rn  L o u is ia n a .

He and h i s  c o l l e a g u e s  e s t im a te  t h a t  th e  base  of t h e  T e r t i a r y  i n  

th e  s o u t h e a s t e r n  p o r t i o n  of  V erm il ion  p a r i s h  i s  a t  a d ep th  o f  

31 ,250 f e e t .  While th e  p o s t -0 1 ig o c en e  d e p o s i t s  t h e r e  a r e  t h i c k e r  

th an  th ey  a re  in  s o u th e rn  G alves ton  and  Matagorda C o u n t ie s ,  Texas, 

the  t o t a l  t h i c k n e s s  of the  Cenozoic in  the  former a r e a  i s  p robab ly  

not g r e a t e r  t h a n  i n  the l a t t e r *

C r i t e r i a  f o r  D i s t i n g u i s h i n g  Marine D e p o s i t s  from Hon-Marine. -  

Befo re  go ing  forw ard  to a d e t a i l e d  d e s c r i p t i o n  of  th e  Cenozoic 

fo rm a t io n s  and to  an i n t e r p r e t a t i o n  of t h e  f a c t s  of s t r a t i g r a p h y  

as  r e p r e s e n t e d  by the co re  r e c o r d s ,  Schlumberger  Logs and o th e r  

d a ta  t o  be p r e s e n t e d ,  we s h a l l  summarize th e  c r i t e r i a  h e re  r e l i e d  

upon to d i s t i n g u i s h  a marine  f a c i e s  from a non-marine f a c i e s .
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Some of th e  c r i t e r i a  t h a t  a r e  u s e f u l  when s tu d y in g  s u r f a c e  

ex p o su re s  a r e  not a v a i l a b l e  t o  th e  s u b - s u r f a c e  g e o l o g i s t .  Such 

f e a t u r e s  a s  r a i n d r o p  im press ions  and mud c racks  a re  o b l i t e r a t e d  by 

th e  d r i l l  and megascopic f o s s i l s  a r e  u s u a l l y  broken beyond r e c o g n i ­

t i o n .

The p re se n c e  of marine f o s s i l s  g e n e r a l l y  im p l i e s  marine depo­

s i t i o n .  E c h in o ia  f ragments  a r e  v a l i d  evidenoe f o r  marine c o n d i t i o n s  

o f  a c c u m u la t io n ,  but they  do not occur  w i th  s u f f i c i e n t  abundance 

th ro u g h o u t  th e  Texas Gulf Coast T e r t i a r y  and Q uate rnary  to  be of 

more th a n  o c c a s io n a l  a s s i s t a n c e .  A l l  but an i n s i g n i f i c a n t  number 

o f  o s t r a c o d s  a r e  r e s t r i c t e d  t o  marine or b r a c k i s h  w a te r s .  S ince  

f r e s h - w a t e r  o s t r a c o d s  do not appear  t o  be p r e s e n t  i n  the beds i n  

t h i s  a r e a ,  th e  p re sen ce  o f  o s t r a c o d s  may be t a k en  a s  i n d i c a t i n g  

m arine  d e p o s i t i o n .  They a re  not found i n  g r e a t  abundance ,  however, 

and t h e i r  va lue  i s  c o r r e s p o n d in g ly  l i m i t e d .  Fragments of pe lecypods  

and  g a s t ro p o d s  occur  abun d an t ly  i n  p a r t s  o f  t h i s  s e c t i o n ,  but w h i le  

th e y  a r e  u s u a l l y  m ar ine ,  some may be f r e s h - w a t e r  forms, and th e y  

s h o u ld  not be used  u n le s s  t h e i r  i d e n t i t y  can be e s t a b l i s h e d .

F r e q u e n t ly  t h i s  i s  not p o s s i b l e .  The on ly  f o s s i l s  which a r e  small  

enough to e scape  d e s t r u c t i o n  du r ing  d r i l l i n g  o p e ra t io n s  and vet 

occur i n  s u f f i c i e n t  abundance to  be g e n e r a l l y  u s e f u l  a re  the  fo ra m in -  

i f e r a .  While t h i s  group i s  no t  e x c l u s i v e l y  m arine ,  i t  i s  n e a r l y  so ,  

and the  f r e s h - w a t e r  forms seem e i t h e r  not to  have e x i s t e d  he re  du r in g  

Cenozoic  time o r  were no t  p r e s e rv e d .  Even e r r o r s  due to  the  p o s s i b l e  

e x i s t e n c e  of non-marine forms can  be e l im in a te d  because the  fo ram in -  

i f e r a  u s u a l l y  a re  s u f f i c i e n t l y  w e l l - p r e s e r v e d  to permit  i d e n t i f i c a t i o n .

Care must be e x e rc i s e d ,  however,  t h a t  only  f o s s i l s  ind igenous
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t o  th e  fo rm a t io n s  are  u se d .  I t  i s  a f a c t  t h a t  marine f o s s i l s  can 

be ,  and  have been, eroded  out of C re tace o u s  and o ld e r  beds and r e ­

d e p o s i t e d  i n  non-marine Cenozoic s t r a t a .  Furtherm ore ,  sm al l  marine

f o s s i l s  may occur  f a r  in la n d  i n  t e r r e s t r i a l  dunes,  having been 

t r a n s p o r t e d  when th e  winds were from the sea .  No exac t  r u l e  can be 

fo rm u la ted  to guard  a g a i n s t  such a con t in g en cy .  Only th e  g e n e ra l  

a s p e c t  o f  th e  f o s s i l  w i l l  g iv e  ev id en ce  o f  p o s s i b l e  r e d e p o s i t i o n  

by wind or  w a te r .  F o s s i l s  b e a r in g  ev idence  of r e d e p o s i t i o n  cannot 

ue us3u as a c r i t e r i o n  f o r  d e te rm in in g  th e  c o n d i t i o n s  of  d e p o s i t i o n  

of  the  beds i n  which they  a re  found.

The p resence  o f  ind igenous  g l a u c o n i t e  i n  a bed a l s o  i n d i c a t e s
1

marine d e p o s i t i o n .  G a l l i h e r  i n  h i s  r e c e n t  work on g l a u c o n i t e  s t a t e s  

_

G a l l i h e r ,  E. Wayne, Geology o f  G la u c o n i te ,  A. A. F. G. B u l l ,
v o l .  19, no. 1 1 . ,  pp. 1569—1601, 1937.

t h a t  i t s  d i a g e n i s i s  from b i o t i t e  o cc u rs  e x c l u s i v e l y  i n  a marine en ­

v ironm ent .  While g l a u c o n i t e  i s  th u s  a u s e f u l  index  m in e ra l  fo r  

marine beds ,  the  d i f f i c u l t y  of  d i s t i n g u i s h i n g  ind igenous  g l a u c o n i t e  

from reworked g la u c o n i t e  d e t r a c t s  from i t s  u s e f u l n e s s .  There i s ,  

seem ingly ,  no good way of d i s t i n g u i s h i n g  th e s e  two ty p e s .  For the 

purposes of t h i s  i n v e s t i g a t i o n  th e n ,  the p resence  of g l a u c o n i t e  

i n  a bed w i l l  not be t a k e n  as  c o n c lu s iv e  ev idence  of  a marine o r i g i n  

of t h a t  bed but w i l l  be c o n s id e re d  as  s t r o n g  s u p p o r t in g  ev idence  

when o th e r  c h a r a c t e r i s t i c s  sugges t  a marine o r i g i n .

While g l a u c o n i t e  and marine f o s s i l s  a re  the on ly  i n d i c e s  of a 

p e t ro g ra p h ic  and p a l e o n to l o g ic  n a t u r e  f o r  marine beds, one o th e r  

type of  c r i t e r i o n  i s  a v a i l a b l e .  This type  i s  s t r u c t u r a l ,  and only
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one such  c r i t e r i o n  seems to  be a p p l i c a b l e  to  s u b s u r fa c e  work. A 

l a r g e  a r e a l  d i s t r i b u t i o n  and r e l a t i v e l y  un ifo rm  t h i c k n e s s  of t h i n  

sands  i s  found on ly  i n  marine beds i n  t h e  Gulf  Coast Cenozoic 

d e p o s i t s .  The t r a n s i t i o n  from h ig h ly  l e n t i c u l a r  sands  i n  the non­

marine  f a c i e s  of a fo rm a t io n  to " b la n k e t  sands" ,  as  th e  more con­

t i n u o u s  beds a re  c a l l e d ,  i n  the  marine f a c i e s  i s  an  almost u n i v e r s a l  

c h a r a c t e r i s t i c  of  the  Cenozoic d e p o s i t s  of t h i s  a r e a .  The a r e a l  

e x t e n t  o f  the non-marine l e n s e s  i s  measured i n  hundreds or thousands  

of f e e t ,  w hi le  t h e  e x t e n t  o f  the  marine b lan k e t  sands i s  measured 

i n  m ile s  o r  t e n s  of m i l e s .  There i s  g e n e r a l l y  no m is ta k in g '  t h e s e  

ty p e s  o f  san d  b o d ie s .

To prove t h a t  sediments  a r e  non-marine  i s  o r d i n a r i l y  more 

d i f f i c u l t  than  the converse  because th e y  r a r e l y  c o n t a i n  f o s s i l s  

of any k in d  and because  the absence of  a marine fauna  cannot be 

t a k e n  to  imply a non-marine f a c i e s .  I t  i s  t r u e  t h a t  l e a f  im p r in t s  

and p i e c e s  o f  s i l i c i f i e d  wood a r e  sometimes found in  c o r e s ,  but  

t h e s e  can be and sometimes are  washed out to  sea  some d i s t a n c e  from 

the  sh o re  and become d e p o s i t e d  i n  marine sediments*

There i s  l i k e w i s e  l i t t l e  ev idence  to  be d e r iv e d  from the 

p e t ro g ra p h y  of the  sed im en ts  b ecau se  th e  source  g e n e r a l l y  i s  the 

same f o r  a l l  f a c i e s  o f  any p a r t i c u l a r  f o rm a t io n .  There i s  one 

l i t h o l o g i c  c h a r a c t e r ,  however, which seems to f u r n i s h  a v a l i d  

c r i t e r i o n  f o r  t h i s  p a r t i c u l a r  a r e a .  At the  ou tc ro p  of  the Yegua 

where t r e e  stumps i n  s i t u  e s t a b l i s h  i t s  t e r r e s t r i a l  c h a r a c t e r ,  t h e r e  

a r e  many beds o f  u n a l t e r e d  a s h ,  ashy  san d s to n e  and ashy  s h a l e .  This 

is  not  t r u e  of the  fo rm a t io n  a c o n s id e r a b l e  d i s t a n c e  down the r e g i o n a l  

d ip  where th e r e  i s  an  abundance of marine f o s s i l s  though i t  does 

c o n t a i n ,  as  an  e q u i v a l e n t ,  t h i n  beds of  b e n t o n i t e  and b e n t o n i t i c
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s h a l e .  Thus a s e c t i o n  b a r r e n  of marine f o s s i l s  b u t  c o n t a in i n g  

numerous ash  beds may be c o n s id e re d  non-m arine .

J u s t  as  b la n k e t  sands  sugges t  .marine d e p o s i t i o n  so h ig h ly  

l e n t i c u l a r  sand b o d ie s  p o in t  toward non-marine d e p o s i t i o n .  Where 

a c o n s id e r a b l e  number of w e l l s  have been  d r i l l e d ,  and Schlumberger 

Logs a r e  a v a i l a b l e ,  any l e n t i c u l a r i t y  of  t h e  sands  may be r e a d i l y  

d e t e c t e d  and non-marine d e p o s i t i o n  i s  ' im p l ied .

Of th e  s e v e r a l  c r i t e r i a  g iv e n ,  none can be s a i d  t o  su p p ly  

a b s o l u t e  p r o o f  o 1 tn e  mode o f  o r i g i n  of the  beds  whicn tney  c n a r a s ­

t e r i z e .  We have n o te d  t h a t  marine f o s s i l s  and g l a u c o n i t e  can  f ind  

t h e i r  way in to  non-m ar ine  beds.  L ikew ise  a s h  beds and sand  le n se s  

c a n  be found in  m arine  d e p o s i t s .  Yet. a s t r o n g  case  i s  e s t a b l i s h e d  

f o r  t h e  mode of o r i g i n  o f  n e a r l y  ev e ry  fo rm a t io n ,  because  i n  n eh r ly  

ev e ry  i n s t a n c e  where one o f  the  c r i t e r i a  i s  p r e s e n t  one or more 

o th e r  c r i t e r i a ,  i n d i c a t i n g  the  same mode of  o r i g i n ,  a re  p r e s e n t  also® 

Each case  r e s t s  upon two or more con v e rg en t  l i n e s  of  e v id e n c e .  But 

what i s  most im por tan t  i s  t h a t  i n  fo rm a t io n s  where ev id en ce  of both  

marine and non-m arine  d e p o s i t i o n  i s  p r e s e n t ,  th e  f e a t u r e s  which 

i n d i c a t e  non-m arine  d e p o s i t i o n  a re  found landward from the  a r e a  where 

marine c h a r a c t e r i s t i c s  a r e  p r e v a l e n t  in  the f o rm a t io n .  This  p r e s e n t s  

a r a t i o n a l  p i c t u r e  of  the  fo rm a t io n  and i s  c o n s i s t e n t  w i th  the 

Cenozoic h i s t o r y  of  the  a r e a  s in ce  a l l  m arine  in v a s io n s  came from 

the  so u th .

Eocene S e r i e s .
C la ib o rn e  Group.

C ro ck e t t  F o rm a t io n .

The o ld e s t  f o rm a t io n  p e n e t r a t e d  by w e l l s  d r i l l e d  f o r  o i l  in
1

H a r r i s  County, Texas ,  i s  the  C r o c k e t t  . The lower l im i t  of t h i s
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1*
N ote :  See f o o t n o t e  on p. S.

fo rm a t io n  a t  the  o u t c r o p  i s  the  c o n t a c t  between th e  u n d e r ly in g  non-

f o s s i l i f e r o u s , c o n t i n e n t a l  sands of  th e  S p a r ta  fo rm a t io n  and the  

o v e r l y i n g  f o s s i l i f e r o u s , marine s h a l e s ,  sandy s h a l e s  and s a n d s .  The 

upper  l i m i t  i s  the  h ig h e s t  o cc u r ren c e  o f  C e ra tobu l im ina  ex im ia  

(Rzehak) .

L i t t l e  i s  known of  th e  C ro ck e t t  fo rm a t io n  i n  H a r r i s  County 

s i n c e  o n ly  a few w e l l s  eve r  reach ed  beds of t h i s  age,  and only da ta  

o f  a g e n e r a l  n a t u r e  a r e  a v a i l a b l e  on the  C ro ck e t t  of th o s e  w el l  

s e c t i o n s .  However, many w e l l s  have been d r i l l e d  th ro u g h  the

C ro ck e t t  up the r e g i o n a l  d ip  from H a r r i s  County, and g e n e r a l i z a ­

t i o n s  can  be made abou t  the s t r a t a  of t h i s  age i n  the  e a s t e r n  p a r t  

o f  the  Texas Gulf C o a s t , and some i n f e r e n c e s  can  be made abou t  them 

i n  H a r r i s  County*

C on tac t  w i th  t h e  Sub-Format ion*.
2

Plummer r e p o r t s  the p re se n ce  of a d i s c o n fo r m i ty  a t  t h e  S p a r t a -

2 -    -----------------------------------------
Plummer, F. B. , l o c .  c i t . ,  p. 652.

C ro c k e t t  c o n ta c t  i n  the  ou tc ro p .  There a r e  no s u b s u r f a c e  d a t a  to  

i n d i c a t e  the n a t u r e  of  the b a s a l  c o n t a c t  in  th e  v i c i n i t y  of H a r r i s  

County.

D i s t r i b u t i o n  and Thickness*

S t r a t a  c o n t a i n i n g  a C ro ck e t t  fauna have been r e p o r t e d  in  w e l l  

s e c t i o n s  from lf/ebb County i n  s o u th w e s te rn  Texas n o r th e a s tw a r d  a c ro s s
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t h e  s t a t e  t o  the  Sabine  R iv e r .  The fo rm a t io n  i s  exposed a t  the

s u r f a c e  i n  the e a s t e r n  and c e n t r a l  p a r t  of  t h e  Texas C o a s ta l  p l a i n .
1

In the Lower Rio Grande Region,  Trowbridge d e s c r i b e s  th e  upper  p a r t  

1 •
Trowbridge,  A. C . , T e r t i a r y  and Q uate rna ry  Geology of the  Lower

Rio Grande Region, Texas: U. S. Geol. Surv .  B u l l .  no. 837,
pp. 121-124, 1932*

of  the  Cook Mountain as be in g  more s h a ly  th a n  the r e s t  and having 

a d i s t i n c t i v e  f a u n a .  S ince  t h i s  im m edia te ly  u n d e r l i e s  the Yegua, 

i t  i s  p robab ly  the e q u i v a l e n t  of the  C ro ck e t t  fo rm a t io n  in  e a s t e r n  

Texas. Crocket t  s t r a t a  were a l so  e n c o u n te re d  i n  the Amerada P e t r o ­

leum C o r p o r a t io n ’ s No. 1 Weil w e l l  i n  the  C h e n e y v i l l e  O i l  F i e l d

in  Rapides P a r i s h ,  L o u i s i a n a ,  and e q u i v a l e n t  beds have been r e p o r t e d

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

The C rocke t t  i s  125 f e e t  t h i c k  a t  the  o u tc ro p  i n  the Brazos 

R iv e r  v a l l e y  of R obe r tson  County ac c o rd in g  to  Renick and S t e n z e l .

I t  i s  from 400 t o  450 f e e t  t h i c k  i n  well  s e c t i o n s  i n  Houston County, 

n e a r l y  500 f e e t  t h i c k  i n  Walker County and 550 f e e t  th ic k  in  Grimes 

County. The Magnolia p e t ro le u m  Company's No. 1 Wm. Martens w e l l ,  

l o c a t e d  i n . n o r t h e r n  H a r r i s  County, was d r i l l e d  a p p ro x im a te ly  750 fe e t  

i n t o  the C rocke t t  w i th o u t  any i n d i c a t i o n  of hav in g  r each ed  S p a r ta  

b ed s ,  and The S u p e r io r  O i l  Company of  C a l i f o r n i a  No. 1 B u t l e r  well  

i n  n o r t h c e n t r a l  H a r r i s  County encoun te red  a t  l e a s t  1500 f e e t  of 

C ro c k e t t  s t r a t a *  In  the C h e n e y v i l l e  O il  F i e l d  in  L o u is ia n a ,  i t  i s  

533 f e e t  th ic k *

L it  ho logy*

The fo l lo w in g  g e n e r a l i z e d  d e s c r i p t i o n s  of  th e  co re s  from the 

C ro ck e t t  fo rm a t io n  i n  the Magnolia pe t ro leum  C o r p o r a t i o n ' s  No. 1
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Wm. Marten w e l l ,  l o c a t e d  in  the  Tomball O i l  F i e l d ,  have been r e ­

ported::

(F ig u res  a t  the  l e f t  r e p re s e n t  d i s t a n c e s  i n  f e e t  below the

e s t  imat ed top of the C r o c k e t t ) .

0 -2 Brown sand and sh a le*
3-5. Hard, broken sand and s h a l e

20-22 Hard sand and s h a l e .
53-5.5 Sand and b r i t t l e  sha le*
62-64 Sander shale.-

109-111 Brown sandy s h a l e .
126-128 Sand and b r i t t l e  sha le . .
137-139 Hard sandy shale.-
157-169 B r i t t l e  shale.-
184-186 B r i t t l e  s h a le .
210-212 Black ,  b r i t t l e  sha le*
2.31-233 Black ,  b r i t t l e  sha le*
251-253 Sandy s h a l e .
284-286 Sandy s h a l e .
304-306 B r i t t l e  s h a le .
321-323 31ack, h a rd ,  sandy s h a l e .
351-353 Sandy s h a l e .
408-410 Sandy sha le*
425-427 Hard, brown sh a le*
452-464 Hard,  sandy sha le*
494-496 Sandy s h a l e .
524-526 Hard s h a l e .
553-555 Sandy s h a l e .
597-599 B r i t t l e  s h a l e .
607-609 B r i t t l e  s h a le .
63 L—633 B r i t t l e  s h a l e .
664-666 B r i t t l e  s h a l e .
704-706 B r i t t l e  shale*
723-724 B r i t t l e  s h a l e .
757-759 B r i t t l e  s h a l e .

Samples of  th e se  co res  a r e  not a v a i l a b l e  so th a t  more d e t a i l e d  

d e s c r i p t i o n s  canno t  be g iv e n .  However, d a ta  from well  s e c t i o n s  

o u t s i d e  of H a r r i s  County i n d i c a t e  t h a t  th e  C rocke t t  i s  l a r g e l y  sh a le  

w i th  a minor amount of sandy s h a l e  and sandstone* The s h a l e  v a r i e s  

i n  c o lo r  from gray to  c h o c o la te  brown, i s  f o s s i l i f e r o u s  and ,  f r e ­

q u e n t ly ,  g l a u c o n i t i c .  A ll  beds have p a r a l l e l  lam ina t ion*
1

Plummer d e s c r i b e s  the  fo rm a t io n  a t  the  s u r f a c e  as c o n s i s t i n g
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1.
Plummer, F. B . , l o c .  c i t . ,  p. 660*

"of  ab o u t  90 per  c e n t  f i n e  s e d im e n t s ,  c l a y ,  s h a l e  and sandy s h a l e ,

9 p e r  cen t  medium-grained s e d im e n t s ,  sand  and g l a u c o n i t e ,  and 1 

p e r  cen t  r o c k , : l im e s to n e  and f e r r u g i n o u s  c o n c re t io n s " , .

C o n d i t io n s  of A ccum ula t ion ,

The C ro ck e t t  i n  w e l l  s e c t i o n s  c o n ta in s  marine f o s s i l s  and 

g l a u c o n i t e .  While th e  C ro ck e t t  in  th e  v i c i n i t y  of H a r r i s  County i s  

n e a r l y  devoid  of sands and t h e  c r i t e r i o n  of t h e  c o n t i n u i t y  of t h i n  

sands cannot  be a p p l i e d ,  t h e  f a u n a l  ev idence  l e a v e s  l i t t l e  doubt 

a s  t o  th e  marine o r i g i n  o f  t h i s  f o rm a t io n .  Most of i t  a t  th e  s u r f a c e  

i s  l i k e w i s e  marine .  The lower and middle p o r t io n s  a t  t h e  s u r f a c e  

a r e  e n t i r e l y  marine while  the  upper  p a r t  c o n t a in s  b o th  marine and 

non-m ar ine  sed im en ts  d e p o s i t e d ,  a p p a r e n t l y ,  n e a r  th e  sh o re  l in e *

p a leo g eo g rap h y .

The shore  l i n e  d u r ing  lower and middle C ro c k e t t  t im e was an 

unknown d i s t a n c e  i n l a n d  from th e  s i t e  of th e  p r e s e n t  day o u tc ro p ,  

and d u r in g  upper C ro ck e t t  t im e ,  the  sea s  r e t r e a t e d  to  a p o s i t i o n  

a s h o r t  d i s t a n c e  sou th  of t h e  o u tc ro p ,  l e a v in g  the a r e a  now occupied  

by H a r r i s  County a c o n s i d e r a b l e  d i s t a n c e  seaward from th e  sho re  l i n e  

a l l  d u r in g  th a t  per iod*

Yegua Formation*

O ver ly ing  the  C ro ck e t t  beds i s  t h e  Yegua f o rm a t io n .  Two w e l l s  

i n  the  Tomball O i l  F i e l d  have been  d r i l l e d  th ro u g h  t h e  Yegua, and 

a n o t h e r ,  the  A m erad a -S tan o l in d 1s No. 1 John Bode, l o c a t e d  in  the
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s.ame a r e a ,  p e n e t r a t e d  1138 f e e t  below th e  top  o f  t h e  Yegua bu t  d id  

not r e a c h  the C rocke t t*  The A m e ra d a -S ta n o l in d 's  No* 1 Louis Dopslauf 

w e l l  a t  Fairbanks,  was d r i l l e d  970 f e e t  i n t o  th e  Yegua. The two 

w e l l s  l a s t  mentioned were e x t e n s i v e l y  co red  i n  the Yegua and f u r n i s h  

a  g r e a t  dea l  of in f o rm a t io n  i n  t h i s  fo rm a t io n .  Another  w e l l ,  l o c a t e d  

t h r e e  m iles  west o f  th e  H a r r i s  County-W aller  County l i n e ,  was 

d r i l l e d  i n t o  the top  o f  the  C r o c k e t t ,  and i t s  r e c o r d s  a r e  q u i t e  

e x t e n s iv e  and a v a i l a b l e .  In  a d d i t i o n  to  th e s e  w e l l s  which were 

d r i l l e d  th ro u g h  or n e a r l y  th ro u g h  th e  Yegua, t h e r e  a r e  many which 

have been d r i l l e d  300 t o  500 f e e t  i n t o  t h i s  f o rm a t io n  g iv in g  

abundant d a t a  on t h i s  p a r t  of the  s e c t io n *

C o n tac t  w i th  t h e  Sub-Formation*

At the  o u tc ro p  the  Yegua l i e s  unconformably upon the  C ro ck e t t  

fo rm a t io n .  I t  i s  no t  d e f i n i t e l y  known whether  or not t h i s  uncon­

fo rm i ty  ex te n d s  as  f a r  s o u th  a s  H a r r i s  County*

D i s t r i b u t i o n  and Thickness*- 

The Yegua u n d e r l i e s  a l l  p a r t s  o f  H a r r i s  County except  the  

p l a c e s  where i t  i s  p i e r c e d  by s a l t  p lu g s .  This  i s  l i k e w is e  t r u e

o f  a l l  th e  r e s t  of the  Texas and L o u is ia n a  Gulf  Coast  so u th  of  the

out c rop .

The S u p e r io r  O i l  Company o f  C a l i f o r n i a  No. 1 B u t l e r  w e l l  in  

n o r t h e r n  H a r r i s  County went th ro u g h  1434 f e e t  of Yegua sed im en ts .

A g r e a t e r  t h i c k n e s s  must be g i v e n  to the  fo rm a t io n  i n  s o u th e rn  

H a r r i s  County. In  n o r t h e r n  Montgomery County i t  i s  1242 f e e t  t h i c k

and a t  th e  o u tc ro p  i t  i s  about  1000 f e e t  th ick *
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L i t h o l o g i c  C h a ra c te r  and S t r u c t u r e s . .

D e s c r ip t io n s  of th e  c o r e s  t a k e n  in  the  Yegua from two w e l l s  

i n  H a r r i s  County and from two w e l l s  l o c a t e d  in  Montgomery Count3f 

a r e  g iv e n  below. While the  l a t t e r  two were not e x t e n s i v e l y  c o re d ,  

c e r t a i n  f a c t s  a r e  shown which have im por tan t  b e a r in g  on the  p a l e o -  

geography of  th e  a r e a .

The f i g u r e s  a t  the l e f t  i n d i c a t e  t h e  d i s t a n c e s  i n  f e e t  below' 

the to p  o f  the Yegua*

Cored p o r t i o n  o f  th e  A m erada-S tano l ind*s  
No. 1 Louis  D opslauf  a t  Fa irbanks

0 -2 0  Not c o r e d .  Schlumberger  i n d i c a t e s  s h a l e .
20-21 F i n e - t e x t u r e d  s a n d s to n e .
21-23 Brownish b la c k ,  p y r i t i c ,  micaceous s h a le  w i t h  very  few

s t r e a k s  of f i n e  s a n d s to n e ;  f o r a m i n i f e r a  p r e s e n t .
23 -24  F i n e - t e x t u r e d  s a n d s t o n e ,  s l i g h t l y  micaceous and l i g n i t i c .
24-33 Brownish b la c k ,  m icaceous ,  l i g n i t i c  s h a le  w i th  very  t h i n

s t r e a k s  of  f i n e  sa n d s to n e .
35-35 . Brownish b l a c k ,  b i o t i t i c ,  l i g n i t i c  s h a l e ;  a c o n s id e r a b l e

amount o f  pyr i t -e  and abundance of f o s s i l s .
35-40  No rec o v e ry  from c o r e .  Schlumberger  shows s h a l e .
40-45 Brownish b la c k ,  b i o t i t i c  s h a le  w i th  woody l i g n i t i c

f ragm en ts  and a c o n s id e r a b l e  amount o f  p y r i t e ;  
f o r a m i n i f e r a  and s h e l l  f ragm en ts  abundant .

55-180 Not c o r e d .  Schlumberger  shows sh a le  w i th  a few t h i n
sandy beds .

180-182 Brownish g ray ,  b i o t i t i c  s h a l e ;  s h e l l  f ragm ents  abundant
and f o r a m i n i f e r a  common.

182-187 Brownish g r a y ,  b i o t i t i c ,  l i g n i t i c  s h a l e ;  s h e l l  f ragm en ts
abundant and f o r a m i n i f e r a  common.

187-187|- Gray, s l i g h t l y  sandy ,  ve ry  g l a u c o n i t i c  s h a le  c o n t a i n i n g
ye l lo w  c h e r t  g r a i n s ;  s h e l l  f ragments  and f o r a m i n i f e r a  
ab u n d an t .

187g--194 Brownish g ra y ,  g l a u c o n i t i c  s h a l e ;  s h e l l  f ragm en ts  and
f o r a m i n i f e r a  abundan t .

194-195 F i n e - t e x t u r e d ,  l i g h t  g r a y ,  f r i a b l e  s a n d s t o n e .
195-196 I n t e r c a l a t e d ,  b rownish  g ray  s h a l e  and f in e  s a n d s to n e .
196-198 F i n e - t e x t u r e d ,  l i g h t  g r a y ,  f r i a b l e  san d s to n e .
198-200 I n t e r c a l a t e d ,  f i n e - t e x t u r e d ,  c ro s s -b e d d e d  san d s to n e  and

brow nish  g r a y ,  b i o t i t i c ,  s i l t y  s h a l e  c o n t a in i n g  
l i g n i t e  f r a g m en ts .

200-202^- F i n e - t e x t u r e d ,  f r i a b l e  sandstone*
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202^-203 L igh t  gray s i l t  s tone  w i th  v e ry  t h i n  lam inae  of l i g n i t e
and s h a l e .

203-208g Brownish g ray ,  b i o t i t i c ,  p y r i t i c  s h a le  w i th  very t h i n
laminae of s i l t s t o n e .

208g--2.09|- F i n e - t e x t u r e d ,  very  m icaceous ,  l i g n i t i c  s a n d s to n e .  
209g-210t- Brownish g ray ,  very  micaceous sha le  w i th  t h i n  laminae

o f  s i l t s t o n e .
210g-212 F i n e - t e x t u r e d ,  l i g h t  g ray  s a n d s to n e .
212-213 Brownish g r a y ,  l i g n i t i c ,  b i o t i t i c ,  p y r i t i c  s h a le  with

t h i n  laminae of s i l t s t o n e .
213-2.14g- F i n e - t e x t u r e d ,  l i g h t  g ray  s a n d s to n e .
214g-215 Laminated, brownish  g ra y  s h a le  and s i l t s t o n e .
215-218 F i n e - t e x t u r e d ,  l i g h t  g ray  san d s to n e .
218-220 F i n e - t e x t u r e d ,  l i g h t  g ray  sa n d s to n e  w i th  laminae of dark

micaceous s h a l e .
220-221 F i n e - t e x t u r e d ,  b i o t i t i c  s a n d s to n e .
221-227 Brownish g ray ,  s i l t y  s h a le  w i th  t h i n  lam inae  of  f i n e

g ray  san d s to n e ;  f o r a m i n i f e r a  p r e s e n t .
227-236 Brownish g ray ,  m icaceous ,  l i g n i t i c ,  s l i g h t l y  s i l t y  s h a le ;

f o r a m i n i f e r a  p r e s e n t .
236-240 Brownish g ray ,  micaceous s h a l e ;  f o r a m i n i f e r a  p r e s e n t .
240-251 Brownish g ray ,  micaceous s h a l e ,  sm a l l  l i g n i t e  fragments ;

s h e l l  f ragm ents  and f o r a m i n i f e r a  very  abundant .  
2.51-251^ Gray, ve ry  g l a u c o n i t i c ,  s l i g h t l y  sandy s h a l e ;  s h e l l

f ragm ents  and f o r a m i n i f e r a  p r e s e n t .
251g--253g F i n e - t e x t u r e d ,  s l i g h t l y  g l a u c o n i t i c ,  sh a ly  san d s to n e ;

pelecypods  and f o r a m i n i f e r a  p r e s e n t .
253§--255 C ross-bedded ,  micaceous s i l t s t o n e  w i th  t h i n  laminae of

l i g n i t i c ,  micaceous s h a l e .
255-260 No r eco v e ry .  Schlumberger  shows s h a l e .
260-271 Brownish g ray ,  l i g n i t i c ,  micaceous s h a l e ;  f o r a m in i f e r a

p r e s e n t .
271-274 Brownish g ray ,  l i g n i t i c ,  micaceous,  s l i g h t l y  g l a u c o n i t i c

s h a l e ;  f o r a m i n i f e r a  p r e s e n t .
274-275 Gray s h a le  w i th  very t h i n  s t r e a k s  of f i n e  s a n d s to n e .
275-293 F i n e - t e x t u r e d ,  l i g h t  g ray  san d s to n e  w i th  t h i n  laminae of

d a rk  carbonaceous s h a l e .
293-296 F in e ,  g ray ,  s i l t y  sands tone  w i th  laminae of dark  g ray

s h a l e .
296-301 Not co red .  Schlumberger shows sandy s h a l e .
301-311 No reco v e ry  from c o r e .

301-305 Schlumberger shows s a n d s to n e .
30 5-308 Schlumberger shows s h a l e .
308-311 Schlumberger shows s a n d s to n e .

311—31l | ;  Dark g ray ,  s i l t y  s h a l e .
311.g—313g- F ine  g ray  sa n d s to n e .
313i-317 I n t e r c a l a t e d  f in e  gray sands tone  and d a rk  gray micaceous

s h a l e .
317-318 Very f i n e - t e x t u r e d  sa n d s to n e  w i th  very t h i n  laminae of

dark  s h a l e .
318-320 I n t e r c a l a t e d ,  f in e  gray  s an d s to n e  and dark  gray micaceous

s h a l e .
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320-321

3 2 1 -3 2 6

3 2 6 -3 4 9
3 4 9 -3 5 2
3 5 2 -3 5 6

3 5 6 -3 5 8
3 5 8 -3 5 9
3 5 9 -3 6 2

3 6 2 - 3 6 3 f

363 g- 3 6 4 s’

3 6 4 ^ -3 6 6 #

3 6 6 |- 3 6 8
3 6 8 -3 7 9

3 7 9 -3 8 1
3 8 1 -3 8 3

3 8 3 -3 8 6 |r
3 8 6 § -3 8 8 - |
3 8 8 |- 3 9 2

3 9 2 -3 9 5

3 9 5 -3 9 6
3 9 6 -3 9 9  
3 9 9 -4 0 5

4 0 5 -4 1 3

4 1 3 -4 1 4

4 1 4 -4 1 7  

417—4 2 8 #  

4 2 8 # -4 3 4  

4 3 4 -4 3 7

4 3 7 -4 4 6

F i n e - t e x t u r e d ,  l i g h t  g r a y ,  s h a ly  s a n d s to n e  w i th  a  con­
s i d e r a b l e  amount o f  l i g n i t i c ,  woody f ra g m e n ts ;  
f o r a m in i f e r a  p r e s e n t .

Dark g r a y ,  v e r y  l i g n i t i c ,  s l i g h t l y  s i l t y  s h a l e ;  foram­
i n i f e r a  r a r e .

Dark g r a y  s h a l e ;  f o r a m i n i f e r a  v e ry  ab u n d an t .
L ig h t  g ra y  s i l t s t o n e  w i t h  t h i n  lam inae  o f  d a rk  s h a l e .
F i n e - t e x t u r e d ,  l i g h t  g r a y ,  s l i g h t l y  s h a ly  s a n d s to n e  

w i th  an abundance o f  l i g n i t i c ,  woody f ra g m en ts .
L ig h t  g ray  s i l t s t o n e  w i th  t h i n  lam inae  o f  d a rk  s h a l e .
No r e c o v e ry  from c o r e .  Schlumberger  shows s h a l e .
F i n e - t e x t u r e d ,  g ra y ,  q u a r t z i t i c  s a n d s to n e  w i th  an 

abundance o f  p l a n t  rem a ins ,  some o f  which a r e  
p y r i t i z e d .

I n t e r c a l a t e d ,  f i n e  g r a y  s a n d s to n e  w i th  b rownish  g ray  
s h a l e  c o n t a in i n g  p l iant  r em a in s .

Very f i n e - t e x t u r e d ,  g r a y ,  s h a ly  s a n d s to n e  c o n t a in i n g  
p l a n t  r e m a in s .

I n t e r c a l a t e d ,  very f i n e - t e x t u r e d  s a n d s to n e  and brownish  
g ray  s h a l e ;  p l a n t  r e m a in s  p r e s e n t .

F i n e - t e x t u r e d ,  g ray ,  l i g n i t i c  s a n d s to n e .
I n t e r c a l a t e d ,  f i n e ,  g r a y ,  l i g n i t i c  san d s to n e  and 

brownish g ray  s h a l e .
F i n e - t e x t u r e d ,  g ray  s a n d s to n e .
F i n e - t e x t u r e d ,  c ro s s -b e d d e d  san d s to n e  w i th  laminae o f  

b l a c k  ca rbonaceous s h a l e .
F i n e - t e x t u r e d ,  gray s a n d s t o n e .
B lack ,  ca rbonaceous ,  b i o t i t i c ,  s h a l y  s i l t s t o n e .
Brownish g r a y  s h a le  w i th  t h i n  laminae of  s a n d s to n e  and 

s i l t s t o n e .
Brownish g r a y ,  s l i g h t l y  s i l t y  s h a l e ;  f o r a m i n i f e r a  

ab u n d an t•
Very f i n e  lam in a ted  san d s to n e  w i t h  l i g n i t i c  f r a g m e n ts .
Not c o re d .  Schlumberger shows s i l t y  s h a l e .
Brownish g ray  s h a l e ;  s h e l l  f r a g m e n ts  and f o r a m i n i f e r a  

ab u n d an t•
Brownish g ray  s h a le  w i th  s t r e a k s  o f  s i l t s t o n e ;  foram­

i n i f e r a  r a r e .
Gray, v e ry  g l a u c o n i t i c ,  s l i g h t l y  sandy s h a l e ;  s h e l l  

f rag m en ts  and f o r a m i n i f e r a  p r e s e n t .
Dark g ra y ,  s l i g h t l y  b e n t o n i t i c  s h a l e  w i t h  t h i n  laminae 

of  s i l t s t o n e .
No r e c o v e ry  f rom c o re .  Schlumberger  shows s l i g h t l y  

s i l t y  s h a l e .
Brownish g ra y  s h a le  w i th  lam inae  o f  san d s to n e  and s i l t -

S'feOIlG »
Brownish g ray  s h a le  w i th  lam inae  o f  san d s to n e  and s i l t ­

s to n e  and c o n t a in in g  an abundance o f  l i g n i t i c ,  woody
f ra g m e n ts .  . .

Brownish b l a c k ,  b i o t i t i c ,  p y r i t i c  s h a l e  c o n t a in i n g
l i g n i t i c  p l a n t  r e m a in s  and an abundance o f  foram­
i n i f e r a .
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446-449 F i n e - t e x t u r e d ,  c ro s s -b e d d e d  sa n d s to n e  w i th  t h i n  beds
of brownish b la c k ,  b i o t i t i c ,  l i g n i t i c  shale*

449—452 Hard, m edium -tex tured ,  c r o s s - b e d d e d  sa n d s to n e  w i th
laminae of l i g n i t i c  s h a le *

452-454 Hard, m edium -tex tured  s a n d s to n e  w i th  a c o n s id e r a b le
amount of l i g n i t e *

454-4.60 F i n e - t e x t u r e d ,  very l i g n i t i c ,  micaceous sands tone*
460-464 F i n e - t e x t u r e d ,  b i o t i t i c  s a n d s to n e  w ith  laminae of

ca rbonaceous  s h a l e .
464-465 Hard, f i n e - t e x t u r e d  s a n d s t o n e .
465-477 F i n e - t e x t u r e d ,  l i g n i t i c ,  b i o t i t i c  sands tone  with  laminae

of ca rbonaceous sh a le*
477-483 F in e ly  in t e rb e d d e d  brownish b l a c k ,  b i o t i t i c  s h a l e  and

f i n e - t e x t u r e d  sands tone*
483-488 Brownish b la c k ,  v e ry  s i l t y ,  l i g n i t i c ,  micaceous s h a l e .
488-497 M edium-textured  s a n d s to n e .
497-500 I n t e r c a l a t e d ,  brownish  b l a c k  s h a l e  and f i n e - t e x t u r e d

sa n d s to n e .
500-502 No reco v e ry  from c o re .  Schlumberger  shows shale*
502-503 Brownish b la c k ,  l i g n i t i c  sh a le  w i th  t h i n  laminae of

f in e  sands tone*
503-505 F i n e - t e x t u r e d ,  b la c k ,  s h a ly  san d s to n e*
505-516 Brownish b la c k ,  b i o t i t i c ,  l i g n i t i c  sh a le  w i th  t h i n  s t r e a k s

of f i n e ,  g ray ,  c r o s s - b e d d e d  sa n d s to n e .
516-521 Brownish b l a c k ,  l i g n i t i c ,  m icaceous ,  s i l t y  s h a le *
521-522 No r e c o v e ry  from c o r e .  Schlumberger  shows sh a le*

Co.red p o r t i o n  of th e  Yegua i n  th e  
A m erada -S tano l ind1 s No. 1 Jo h n  Bode w e l l  i n  the

Tomball O i l  F ie ld *
( F ig u re s  i n d i c a t e  d i s t a n c e s  i n  f e e t  below the  top of the  Yegua)

0-88 Not cored .  C u t t in g s  show brow nish  b lack  s h a l e ,  s l i g h t l y
sandy in  p l a c e s ;  f o r a m i n i f e r a  and s h e l l  f ragm ents  
p r e s e n t .

88-94 Brownish b l a c k ,  b i o t i t i c ,  g l a u c o n i t i c  s h a l e ,  c o n t a in i n g
p y r i t e  and l i g n i t e  f r a g m e n ts ,  and a v e ry  sm a l l  
amount of very  f i n e  sand ;  f o r a m i n i f e r a  and s h e l l  
f ragm en ts  p r e s e n t .

94-95 Brownish b l a c k ,  l i g n i t i c ,  m icaceous ,  g l a u c o n i t i c  s h a l e
and f i n e  to  m ed ium -tex tu red  sand; f o r a m in i f e r a  
p r e s e n t .

95-97 F ine ,  s i l t y ,  c ro s s -b e d d e d  s a n d s to n e  c o n ta in in g  g l a u c o n i t e ,
mica and a c o n s i d e r a b l e  amount of f r a g m e n ta l  l i g n i t e ;  
s h e l l  f ragm en ts  and f o r a m i n i f e r a  r a r e *

97-98 Brownish b l a c k ,  b i o t i t i c ,  l i g n i t i c  sh a le  and a v e r y  sm al l
amount of sand; s h e l l  f ragm en ts  and f o r a m i n i f e r a  ra re*

98-99 L i g n i t i c ,  s l i g h t l y  p y r i t i c  s i l t s t o n e ;  few s h e l l  f ra g m e n ts .
99-100 Brownish b l a c k ,  l i g n i t i c  s h a l e  w i th  s t r e a k s  of s i l t s t o n e ;

s h e l l  f ragments  and f o r a m i n i f e r a  p re se n t*
100-108 I n t e r c a l a t e d  brownish b la c k  s h a l e  and s i l t s t o n e  c o n t a i n i n g

l i g n i t e ,  mica, f o r a m i n i f e r a  and an abundance of 
s h e l l  fragments*

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



25

108-111 Brownish b l a c k ,  v e ry  l i g n i t i c ,  micaceous s h a l e ;  s h e l l
f ragm en ts  and f o r a m i n i f e r a  ra re . .

111-112 I n t e r c a l a t e d  f i n e ,  g ray  sands tone  and brownish  b l a c k ,
b i o t i t i c  s h a l e .

112-114 Brownish b l a c k ,  l i g n i t i c ,  b i o t i t i c  s h a l e ;  s h e l l  f ragments
and f o r a m i n i f e r a  p r e s e n t .

Il4-114g- F ine  to  m edium -tex tu red  s a n d s to n e ,  c o n t a i n i n g  l i g n i t e ,
b i o t i t e  and s h e l l  f r a g m e n t s .

114g-122 Brownish b l a c k ,  l i g n i t i c ,  m icaceous ,  s l i g h t l y  s i l t y  s h a le ;
s h e l l  f ragments  and f o r a m i n i f e r a  p r e s e n t .

122-130 Brownish b l a c k ,  l i g n i t i c ,  micaceous s h a l e ;  s h e l l  f ragm ents
and f o r a m i n i f e r a  p r e s e n t .

130-134 Brownish b l a c k ,  s l i g h t l y  s i l t y  s h a l e ;  f o r a m i n i f e r a  ex­
c e e d in g ly  abundan t .

134-136 Brownish b la ck ,  s l i g h t l y  s i l t y  s h a l e ;  f o r a m i n i f e r a  r a r e .
136-140 Brownish g ray ,  l i g n i t i c ,  micaceous s h a l e  w i th  t h i n  s t r e a k s

of very  f i n e  s a n d s to n e .
140-144 F in e ,  s i l t y ,  l i g n i t i c  s a n d s to n e ;  s h e l l  f ragm ents  r a r e .
144-145 F in e ,  c ro s s -b e d d e d ,  l i g n i t i c ,  micaceous sa n d s to n e  w ith

t h i n  laminae of  s h a l e .
145-153 Brownish b l a c k ,  l i g n i t i c ,  micaceous s h a l e ;  s h e l l  f ragm ents

and f o r a m in i f e r a  p r e s e n t .
153-157 Brownish b l a c k ,  l i g n i t i c ,  m icaceous ,  g l a u c o n i t i c  sh a le ;

f o r a m i n i f e r a  abundant and s h e l l  f ragm en ts  common. 
157-166 Brownish b l a c k ,  l i g n i t i c  s h a le  w i th  a few laminae of f i n e

s a n d s to n e ;  f o r a m i n i f e r a  and s h e l l  f ragm ents  common* 
166-172 No r e c o v e ry  from c o r e .
172-196 Brownish b la c k ,  v e ry  g l a u c o n i t i c ,  s l i g h t l y  s i l t y ,  l i g n i t i c ,

micaceous s h a le ;  f o r a m i n i f e r a  and s h e l l  f ragments  
ab u n d a n t •

196-200 Laminae of  brown sh a le  and f i n e  s a n d s to n e ;  s h e l l  fragments
and f o r a m in i f e r a  p r e s e n t .

200-208 Brownish b la c k ,  micaceous,  l i g n i t i c ,  p y r i t i c  sh a le  w i th
v e ry  l i t t l e  sand and s i l t ;  s h e l l  f ragments  and 
f o r a m i n i f e r a  p r e s e n t .

208-2.17g Brownish b l a c k ,  l i g n i t i c ,  m icaceous,  s l i g h t l y  s i l t y  sh a le ;
s h e l l  f ragments  and f o r a m i n i f e r a  common.

2 l7 f -2 2 2  Brownish b l a c k ,  l i g n i t i c ,  micaceous s h a l e ;  f o r a m in i f e r a
abundant and s h e l l  f ragm en ts  common.

222-235 Brownish b lack ,  l i g n i t i c ,  micaceous s h a le  w ith  s t r e a k s  of
very  f i n e  s a n d s to n e ;  s h e l l  f ragm en ts  and f o r a m in i f e r a  
r a r e .

235-240 Brownish b lack ,  l i g n i t i c ,  micaceous s h a le  w ith  f i n e  sandy
s t r e a k s ;  pelecypods and f o r a m i n i f e r a  v e ry  abundan t .  

240-254 M edium -tex tured  g ray ,  l i g n i t i c  q u a r t z i t i c  sa n d s to n e .
254-255 L ig n i t e  w i th  a l i t t l e  m ed ium -tex tu red  s a n d .
255-260 M edium -tex tured ,  g ray ,  l i g n i t i c ,  q u a r t z  sand;  g r a i n s

rounded t o  a n g u l a r .
260-261 Brownish b l a c k ,  micaceous s h a l e  w i th  a sm all  amount of

f i n e  sand.
261-282 No reco v e ry  from c o r e .  C u t t in g s  i n d i c a t e  sha le .•
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Brownish b la c k ,  l i g n i t i c ,  s l i g h t l y  s i l t y  s h a l e ;  foram­
i n i f e r a  ra re*

Light g re e n  b e n t o n i t e  w i th  a very  l i t t l e  c o a r s e - g r a i n e d  
sand ,  g l a u c o n i t e  and a few fo ram in ife ra* .

Coarse sands tone  w i th  a l i t t l e  h a rd ,  r e d d i s h  brown, 
g l a u c o n i t i c  s h a l e ;  sand g r a in s  rounded .

Medium t o  c o a r s e - t e x t u r e d ,  f r i a b l e ,  g l a u c o n i t i c ,  f o s s i l -  
i f e r o u s  q u a r t z i t i c  s a n d s to n e .

Brownish b la c k ,  l i g n i t i c ,  p y r i t i c ,  s l i g h t l y  sandy  s h a le ;
no f o s s i l s .

Not co red .  Schlumberger i n d i c a t e s  sh a le*
M edium -tex tured ,  g r a y  q u a r t z i t i c  san d s to n e*
No re c o v e ry  from c o r e .  Schlumberger  shows sands tone*  
Laminated brownish b la c k ,  b i o t i t i c  s h a l e  and medium- 

t e x t u r e d  s a n d s to n e .
M edium-textured ,  q u a r t z i t i c  sa n d s to n e*
Brownish b la c k ,  l i g n i t i c ,  b i o t i t i c ,  s l i g h t l y  s i l t y  sh a le ;

f o r a m i n i f e r a  r a r e .
I n t e r c a l a t e d  g r e e n i s h  brown, l i g n i t i c ,  m icaceous ,

b e n t o n i t i c  s h a le  and f i n e  to  m ed ium -tex tu red  sand­
s t o n e .

G reen ish  brown, l i g n i t i c ,  b e n t o n i t i c  s h a l e  w i th  laminae 
of  f i n e  s a n d s to n e .

G reen ish  brown, l i g n i t i c ,  micaceous, b e n t o n i t i c  sha le*
F in e ,  g r a y ,  q u a r t z i t i c  sands tone*
G reen ish  brown, l i g n i t i c ,  b e n t o n i t i c  s h a l e ;  f o r a m i n i f e r a  

p r e s e n t .
G reen ish  brown, l i g n i t i c ,  b i o t i t i c . ,  b e n t o n i t i c  s h a l e .
Not co red .  Schlumberger  shows sha le*
G re e n is h  brown, l i g n i t i c ,  b e n t o n i t i c  s h a l e .
G reen ish  brown, l i g n i t i c ,  b e n t o n i t i c ,  g l a u c o n i t i c  s h a l e ;

s h e l l  f ragm en ts  and f o r a m i n i f e r a  p r e s e n t*
G reen ish  brown, b e n t o n i t i c  s h a le *
Gray, v e r y  sandy,  very  micaceous,  l i g n i t i c  sh a le*
Medium to  f i n e - t e x t u r e d ,  very micaceous,  l i g n i t i c  sand 

w i th  p a r t i n g s  of l i g n i t e  and mica*
Not co red .

398—450 Schlumberger shows sha le*
450-460 Schlumberger  shows sand.
460-485 Schlumberger shows sh a le*
485-538 Schlumberger shows s h a l e  w i th  t h i n  sandy

beds*
G re en ish  brown, l i g n i t i c ,  p y r i t i c ,  s l i g h t l y  s i l t y  s h a le  

w i th  a waxey l u s t e r ;  s h e l l  f ragm en ts  r a r e *
G reen ish  brown, l i g n i t i c ,  p y r i t i c ,  s l i g h t l y  s i l t y  shale 

w i th  a waxey l u s t e r *
M edium-textured,  g ra y ,  micaceous sand .
Brownish b la c k ,  l i g n i t i c  sha le*
Sandy, s i l t y ,  l i g n i t i c ,  micaceous s h a l e ;  f o r a m in i f e r a  

p r e s e n t  *
G reen ish  brown, sandy ,  l i g n i t i c  s h a l e ;  f o r a m i n i f e r a  p r e s e n t .  
M edium-textured ,  g r a y ,  l i g n i t i c ,  micaceous sands tone*
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5 7 2 -5 7 4

57 4—581 
5 8 1 -5 8 4

584-588  
5 8 8 -5 9 4  
594 -644  g-

6 4 4 g -6 4 5 s

6 4 5 g -6 4 6

646—647 g 
6 4 7 |-6 5 4  
6 5 4 -5 5 9  
659 -6 6 7

6 6 7 -6 7 2
6 72 -6 7 7

6 7 7 -6 8 1
681-682,
6 8 2 -6 8 6
6 8 6 -6 8 8

6 8 8 -6 9 5
695-697
6 9 7 -7 7 5

775-777

777.-779g 
779g—783g

783|—7 8 5 |  
785g-790
790-791

7 9 1 -7 9 3

793-796
7 9 6 -7 9 6 g
7 9 6 g -7 9 8
7 9 8 -8 0 3
803-8151
8151-825

Brownish b l a c k ,  l i g n i t i c ,  micaceous s h a l e ;  s h e l l  f ragments  
r a r e .

M edium -tex tured ,  l i g n i t i c ,  micaceous s a n d s to n e .
In te rb ed d e d  f i n e  sands tone  and brownish  b l a c k ,  l i g n i t i c  

s h a l e .
C o a r s e - t e x t u r e d ,  f r i a b l e ,  l i g h t  g r a y  s a n d s to n e .
G rayish  g reen ,  s l i g h t l y  sandy, l i g n i t i c ,  micaceous s h a l e .
Medium to  c o a r s e - t e x t u r e d ,  f r i a b l e ,  l i g h t  g ray ,  q u a r t z i t i c

sands tone  w i th  o c c a s i o n a l  laminae o f  l i g n i t e  and s h a l e .
G ray ish  g reen ,  l i g n i t i c ,  s l i g h t l y  sandy s h a l e ;  foram­

i n i f e r a  p r e s e n t .
M edium -tex tured ,  l i g h t  g r a y ,  micaceous,  q u a r t z i t i c  sand- 

s t  one *
Gray ish  g r e e n ,  b i o t i t i c ,  s l i g h t l y  l i g n i t i c ,  sandy  s h a l e .
M edium -tex tured ,  f r i a b l e  s a n d s to n e .
L ight  g ray  s i l t s t o n e ;  f o r a m in i f e r a  p r e s e n t .
Grayish  g r e e n ,  l i g n i t i c ,  micaceous,  s l i g h t l y  sandy s h a l e ;  

f o r a m i n i f e r a  a b u n d a n t .
M edium -tex tu red ,  l i g h t  g r a y ,  q u a r t z i t i c  s a n d s to n e .
Dark brownish  g r a y ,  l i g n i t i c ,  b i o t i t i c  s l i g h t l y  sandy 

s h a l e .
F i n e - t e x t u r e d ,  l i g h t  g r a y ,  f r i a b l e  sandstone®
Brownish g r a y ,  s i l t y ,  l i g n i t i c ,  b i o t i t i c  s h a l e .
Very f i n e ,  l i g h t  g ray  s a n d s t o n e .
Brownish g r a y ,  l i g n i t i c ,  micaceous s h a l e ;  s h e l l  f ragm ents  

and  f o r a m in i f e r a  p re se n t*
Very f i n e ,  l i g h t  g ra y ,  s i l t y  s a n d s to n e .
Gray, l i g n i t i c ,  micaceous,  s l i g h t l y  sandy s h a l e .
Not c o r e d .

6.97-735 Schlumberger shows sha le*
735-745 Schlumberger shows san d .
745-755 Schlumberger shows s h a l e .
755-770 Schlumberger shows sa n d .
770-775 Schlumberger shows s h a l e .

Very f i n e ,  l i g h t  g ra y ,  l a m in a te d ,  c ro ss -b ed d ed  s a n d s to n e ;  
f o r a m i n i f e r a  p r e s e n t .

F i n e - t e x t u r e d ,  gray s a n d s to n e .
F i n e - t e x t u r e d ,  in t e rb e d d e d ,  g r a y  sands tone  and l i g n i t i c  

s h a l e .
F i n e - t e x t u r e d ,  l i g n i t i c ,  b i o t i t i c ,  i n d u r a t e d  s a n d s to n e .
G rayish  g ree n ,  l i g n i t i c ,  micaceous,  s l i g h t l y  sandy s h a l e .
F i n e - t e x t u r e d ,  c ro s s -b e d d e d  sands tone  w ith  t h i n  p a r t i n g s  

of dark  brown s h a l e .
Brownish b l a c k ,  l i g n i t i c ,  micaceous sha le  w i th  laminae 

of very  f i n e  san d s t  one•-
Brownish b la c k ,  l i g n i t i c ,  s i l t y  s h a l e .
Medium to c o a r s e - t e x t u r e d ,  q u a r t z i t i c  s a n d s to n e .
Brownish g r a y ,  s i l t y ,  l i g n i t i c  s h a l e .
Medium to  c o a r s e - t e x t u r e d ,  g l a u c o n i t i c  s a n d s to n e .
M edium -tex tured ,  l i g h t  g r a y ,  micaceous,  f r i a b l e  s a n d s to n e .
F i n e - t e x t u r e d ,  l i g h t  g r a y ,  micaceous,  f r i a b l e  s a n d s to n e .
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825-829

8 2 9 -8 3 1
831-S 39
8 3 9 -8 4 3

843 -847
8 4 7 -8 5 2

8 5 2 -8 5 7
8 5 7 -8 8 0

8 8 0 -8 9 8
8 9 8 -9 0 5
9 0 5 -9 0 6
906-907-J- 
9 0 7 |--9 1 0

9 1 0 -9 1 3
9 1 3 -9 2 1

9 2 1 -9 2 6
9 2 6 -9 3 3
9 3 3 -9 3 5
935 -939
9 3 9 -9 4 3

9 4 3 -9 5 0

9 5 0 -9 5 7

9 5 7 -9 6 5

9 6 5 -9 6 6

9 6 6 -9 6 8
9 6 8 -9 6 9
9 6 9 -9 7 1

9 7 1 -9 7 3

9 7 3 -9 7 4
9 7 4 -9 7 5

9 7 5 -9 8 9
9 8 9 -9 9 2
9 9 2 -9 9 5
9 9 5 -9 9 7
9 9 7 -9 9 9
9 9 9 -1 0 0 8

F i n e - t e x t u r e d ,  l i g h t  g ray ,  m icaceous ,  f r i a b l e  sands tone  
w i th  t h i n  lam inae  of  d a rk  s h a l e .

Gray, very  m icaceous ,  v e ry  s i l t y ,  l i g n i t i c  s h a l e .
Brownish g r a y ,  s i l t y ,  sandy, micaceous s h a l e .
Brownish g r a y ,  s l i g h t l y  sandy ,  m icaceous ,  l i g n i t i c  s h a l e ;  

f o r a m i n i f e r a  p r e s e n t .
Brownish g ra y ,  s i l t y ,  sandy ,  micaceous s h a l e .
M ed ium -tex tured ,  micaceous san d s to n e  w i th  lam inae  o f  

dark  s h a l e .
M edium-textured  san d s to n e  w i th  t h i n  p a r t i n g s  o f  l i g n i t e .
F i n e - t e x t u r e d ,  l i g n i t i c ,  micaceous sands tone  w i th  t h i n  

lam inae  o f  d a rk  l i g n i t i c  s h a l e .
No r e c o v e ry  o f  c o r e .  Schlumberger  shows sandy s h a l e .
Medium to  f i n e - t e x t u r e d  sand w i t h  t h i n  beds o f  g ray  s h a l e .
G ray ish  brown, l i g n i t i c ,  b i o t i t i c ,  s l i g h t l y  sandy s h a l e .
White,  m icaceous  s i l t s t o n e .
Brownish g ray ,  l i g n i t i c ,  m icaceous ,  s l i g h t l y  sandy s h a l e ;  

f o r a m i n i f e r a  p r e s e n t .
M ed ium -tex tu red ,  l i g n i t i c ,  l i g h t  g ra y  s a n d s to n e .
F i n e - t e x t u r e d ,  v e ry  l i g n i t i c ,  micaceous san d s to n e  w i th  

laminae of  dark  s h a l e .
Laminated s i l t s t o n e  and d a r k  s h a l e .
Brownish b l a c k ,  s i l t y ,  b i o t i t i c  s h a l e ;  f o r a m i n i f e r a  p r e s e n t .
F i n e - t e x t u r e d ,  l i g h t  g ray ,  b i o t i t i c  s a n d s to n e .
Brownish b l a c k ,  b i o t i t i c  s h a l e ;  f o r a m i n i f e r a  ab u n d a n t .
Brownish b l a c k ,  b i o t i t i c  s h a l e ;  f o r a m i n i f e r a  and s h e l l  

f ragm en ts  v e ry  r a r e .
Brownish b l a c k ,  s l i g h t l y  l i g n i t i c ,  b i o t i t i c  s h a le ;  foram­

i n i f e r a  and sm a l l  p y r i t i z e d  g a s t ro p o d s  common.
Brownish b l a c k ,  b i o t i t i c ,  l i g n i t i c ,  s l i g h t l y  sandy s h a l e ;  

f o r a m i n i f e r a  r a r e .
F ine to m ed iu m - tex tu red ,  l i g h t  g r a y  sands tone  w ith  lam inae  

o f  dark  s h a l e .
Brownish b l a c k ,  very  m icaceous ,  l i g n i t i c ,  s l i g h t l y  s i l t y  

and sandy s h a l e .
F in e  to m ed ium - tex tu red ,  l i g h t  gray sa n d s to n e .
F i n e - t e x t u r e d ,  l a m in a te d ,  micaceous s a n d s to n e .
F in e  to  m ed ium -tex tu red  s an d s to n e ;  c o n ta in s  e x c e l l e n t  

mo H u s k  c a s t s .
Very f i n e - t e x t u r e d ,  s i l t y ,  l a m in a te d ,  c ro s s -b ed d e d  sand­

s to n e .
Gray, l i g n i t i c ,  very  m icaceous ,  s i l t y  s h a l e .
F i n e - t e x t u r e d ,  m icaceous ,  l a m in a te d  sands tone  w i th  

p l a n t  and l i g n i t e  f r a g m e n ts ;  some l e a v e s  w e l l  
p r e s e r v e d .

No r e c o v e ry  of  c o r e .  Schlumberger  shows s h a l e .
F i n e - t e x t u r e d ,  l i g h t  g r a y ,  l i g n i t i c  s a n d s to n e .
Brownish, b l a c k ,  l i g n i t i c ,  m icaceous s h a l e .
F i n e - t e x t u r e d ,  l i g n i t i c ,  m icaceous s a n d s to n e .
Brownish b la c k ,  l i g n i t i c  s h a l e .
F i n e - t e x t u r e d ,  v e r y  l i g h t  g ra y  sa n d s to n e .
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1008-1013

1013-1018
1018-1024

1024-1031 
1031-105 5 
1055-1058

1058-1061
1061-1063

1063- 
1066- 
1067- 
1070- 
1073- 
107 5-

1066 
1067 
1070 
1073 
107 5 
■1080

1080-1083

1083-
1093-
110 2 -

1105-
1107-
1108- 
1 H i ­
l l  14- 
1117- 
1119-

1093 
■1102 
110,5
1107
1108 
-1111 
■1114 
1117 
1119 
■1122

1122-1127
1127-1128
1128-1130
1130-1131
1131-1135

1135-1139

Brownish b l a c k ,  
Brownish b la c k ,  
Brownish b la c k ,  
Brownish b la c k ,

Brown, very micaceous s h a l e  w i th  laminae and small  l e n s e s  
of f in e  s a n d s to n e .

Brownish b l a c k ,  l i g n i t i c ,  micaceous s h a l e .
Brownish b la c k ,  micaceous s h a le  w i th  laminae of f i n e  

sands tone •■
Medium-textured  s a n d s to n e .
Not co red .  Schlumberger shows s a n d s to n e .
Very f i n e - t e x t u r e d  sands tone  w ith  laminae of  l i g n i t i c ,  

micaceous s h a l e .
Gray, s h a l y ,  l i g n i t i c ,  micaceous s i l t s t o n e .
Dark g ray ,  l i g n i t i c ,  micaceous s h a l e  w ith  laminae of 

s i l t s t o n e ;  f o r a m i n i f e r a  and s h e l l  f ragm ents  r a r e ,  
micaceous s h a l e ,  
m icaceous,  g l a u c o n i t i c  s h a l e ,  
micaceous s h a l e ,  f o r a m i n i f e r a  p resen t*  
micaceous s h a l e .

Very f i n e - t e x t u r e d ,  c r o s s - b e d d e d  s a n d s to n e .
Brownish b l a c k ,  micaceous s h a l e ;  f o r a m i n i f e r a  and 

o s t r a c o d s  p r e s e n t .
Brownish b la c k ,  micaceous s h a l e ;  f o r a m i n i f e r a  and s h e l l  

f ragm en ts  p resen t . -  
Brownish b la c k ,  micaceous s h a l e ;  f o r a m i n i f e r a  p re sen t . .  
Brownish b l a c k ,  micaceous,  s l i g h t l y  s i l t y  shale .-  
F i n e - t e x t u r e d  san d s to n e  w i th  laminae of b la c k  s h a l e .
Medium to  c o a r s e - t e x t u r e d ,  micaceous,  f r i a b l e  s a n d s to n e .  
F i n e - t e x t u r e d  sa n d s to n e  w i th  laminae of b l a c k  s h a l e .  
Medium to c o a r s e - t e x t u r e d ,  m icaceous,  f r i a b l e  s a n d s to n e .  
Medium-textured ,  m icaceous ,  f r i a b l e  s a n d s to n e .
Gray, s h a l y  s a n d s to n e .
Brownish g r a y ,  micaceous s h a l e .
Laminated s i l t s t o n e  and g ray  s h a l e  co n ta in in g  l i g n i t e  

and b i o t i t e .
F i n e - t e x t u r e d ,  very  l i g h t  g r a y ,  f r i a b l e  s a n d s to n e .  
F i n e - t e x t u r e d ,  l i g h t  g r a y ,  sh a ly  s a n d s to n e .

F i n e - t e x t u r e d ,  l i g h t  g r a y ,  micaceous s a n d s to n e .  
I n te rb e d d e d ,  f i n e ,  micaceous sands tone  and g ra y  s h a l e .
Very  f i n e - t e x t u r e d ,  very l i g h t - c o l o r e d ,  f r i a b l e ,  micaceous 

s a n d s to n e .
F i n e - t e x t u r e d ,  l i g h t  g r a y  san d s to n e  w ith  laminae of dark  

s h a l e .

Cored p o r t i o n  of th e  Yegua from th e  S h e l l  Petro leum  C o r p o r a t io n ' s  
No. 1 H. M. C re ig h to n  w ell  n ea r  Conroe in  Montgomery County.

6-8 G reen ish  brown, micaceous s h a l e ;  f o r a m i n i f e r a  and s h e l l
f ragm en ts  very  abundan t ;  e c h in o id  p l a t e s  and 
bryozoans a l s o  p r e s e n t .

8-9 Very f i n e ,  very micaceous s a n d s to n e ;  f o r a m i n i f e r a  common.
9-18 Brown, micaceous,  p y r i t i c  s h a l e ;  f o r a m i n i f e r a ,  g a s t r o p o d s ;

and o th e r  s h e l l s  very  a b u n d a n t .

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



30

1 8 —32 ,

3 2 -33

3 3 -3 6  

4 5 -4 7

5 2 -5 3
5 3 -5 4
6 3 -6 4

6 4 -6 5  
7 5 -7 6  
8 0 -8 1

8 4 -8 5

9 1 -9 2

9 6 -9 7
1 0 3 -1 0 5

1 1 3 -1 1 4

123-125
1 3 1 -1 3 2

1 4 3 -1 4 4  
1 6 4 -1 6 5  
17 5 -176  
1 8 3 -1 8 5

1 9 4 -1 9 5

2 0 3 -2 0 4

2.14-215
2 1 6 -217
2 2 7 -2 3 0
2 4 0 -2 4 3
2 5 3 -2 5 4
2 5 5 -2 5 6
2 6 6 -2 6 7
2 6 8 -2 6 9

2 9 2 -2 9 5

3 1 3 -3 1 4
3 3 2 -3 3 5

G reen ish  brown, micaceous,  g l a u c o n i t i c  s h a le ;  peleci^pods, 
g a s t ro p o d s  and f o r a m i n i f e r a  v e ry  abundan t .

Hard, brown, g l a u c o n i t i c ,  f e r r u g i n o u s ,  f o s s i l i f e r o u s  
c l a y s to n e .

G reenish  brown, g l a u c o n i t i c ,  s l i g h t l y  sandy s h a l e ;  s h e l l  
f ragm ents  and f o r a m i n i f e r a  v e ry  abundant®

Brownish g r a y ,  very  micaceous s h a le ;  s h e l l  f ragm ents  and • 
f o r a m i n i f e r a  r a r e .

Brownish b l a c k ,  micaceous s h a le ;  f o r a m in i f e r a  r a r e .
Gray, l i g n i t i c ,  sandy shale®
Gray, l i g n i t i c  s h a le  and f i n e  s a n d s to n e ;  f o r a m i n i f e r a  

r a r e  and s h e l l  f ragm ents  abundant®
F ine ,  f r i a b l e ,  micaceous sands tone*
Brown, sandy ,  micaceous s h a le *
Brown, l i g n i t i c  s h a le  and f i n e ,  micaceous s a n d s to n e ;

f o r a m i n i f e r a  and s h e l l  f ragm ents  r a r e .
In te rb ed d e d ,  brown s h a le  and f i n e ,  micaceous s a n d s to n e ;

s h e l l  f ragm ents  p r e s e n t .
Brownish b l a c k ,  micaceous,  very l i g n i t i c  s h a l e ;  s h e l l  

f ragm ents  r a r e .
Gray, micaceous,  v e ry  l i g n i t i c  s h a l e ;  s h e l l  f ragm en ts  

r a r  e .
Gray, micaceous shale®
Brown, m icaceous ,  l i g n i t i c ,  g l a u c o n i t i c  s h a le ;  s h e l l  

f ragm en ts  and f o r a m i n i f e r a  p re se n t*
Gray, m icaceous,  l i g n i t i c ,  g l a u c o n i t i c  s h a l e ;  foram­

i n i f e r a  r a r e .
Very f i n e ,  s i l t y ,  l i g h t  g r a y  sa n d s to n e .
Brownish b la c k ,  l i g n i t i c  s h a l e ;  f o r a m i n i f e r a  and  s h e l l  

f ragm en ts  p resen t . -  
Very f i n e ,  s i l t y ,  l i g h t  g r a y  sa n d s to n e .
Brownish b la c k ,  micaceous s h a l e ;  f o r a m i n i f e r a  p re se n t*  
M edium -tex tured ,  micaceous sandstone®
Brown, l i g n i t i c  s h a l e ;  f o r a m i n i f e r a  and s h e l l  f ragm en ts  

p r e s e n t .
Brownish b l a c k ,  micaceous s h a l e ;  f o r a m i n i f e r a  and s h e l l  

f ragm en ts  r a r e .
Yellow, f e r r u g in o u s  c l a y s t o n e ;  g a s t ro p o d s  and pe lecypods  

common.
F i n e - t e x t u r e d ,  l i g h t  g ray  sands tone*
Brown, l i g n i t i c  s h a l e ;  f o r a m i n i f e r a  p re s e n t*
Fine t o  m ed ium - tex tu red ,  l i g h t  g ra y ,  micaceous s a n d s to n e .  
Fine t o  m ed ium -tex tured ,  micaceous,  l i g n i t i c  s a n d s to n e .  
M edium -tex tured ,  micaceous s a n d s to n e .
Grayish  g r e e n ,  micaceous,  sandy sha le#
Gray, l i g n i t i c ,  m icaceous,  sandy s h a l e .
Gray, l i g n i t i c ,  micaceous s h a l e ;  f o r a m i n i f e r a  and s h e l l  

f ragments  very  r a r e *
Light brown s h a l e ;  f o r a m i n i f e r a  and s h e l l  f ragm en ts  

very  r a r e .
M edium-textured  sands tone*
Medium-textured ,  l i g n i t i c  san d s to n e*
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344-3.45 F i n e - t e x t u r e d ,  g r a y i s h  brown s a n d s to n e .
345-348 F i n e - t e x t u r e d ,  l i g n i t i c ,  micaceous sands tone*
358-361 Gray, l i g n i t i c ,  micaceous sandy sh a le*
371-37.4 F ine ,  l a m in a te d  sands tone*
384—387 F ine ,  micaceous sands tone*
397-400 Dark g ray ,  micaceous,  sandy sh a le*
410-413 Fine to  m ed ium - tex tu red ,  l i g h t  g ray  sands tone*
423-426 Gray, l i g n i t i c ,  g l a u c o n i t i c ,  sandy sha le*
439-442, Fine t o  m edium -tex tu red ,  micaceous sands tone*
452-455 Fine to  m ed ium -tex tu red ,  l i g n i t i c ,  l a m in a te d  san d s to n e*
463-466. F i n e - t e x t u r e d ,  l i g h t  g ray ,  micaceous sands tone*
476-479 F ine ,  l a m in a te d ,  micaceous sandstone*
489-492 F ine ,  l a m in a te d ,  l i g n i t i c ,  micaceous sands tone*
502—505 Gray ish  g reen ,  l i g n i t i c ,  micaceous s h a l e ;  f o r a m i n i f e r a

v e ry  r a r e *
515-518 Grayish  g ree n ,  l i g n i t i c ,  micaceous sh a le *

Cored p o r t i o n  of  the  Yegua of  Chapman & S m i th 's  
No* 1 D e l t a  Land and Timber Company

0 - 4  Dark, g r e e n i s h  g ray ,  micaceous, l i g n i t i c ,  g l a u c o n i t i c
s h a l e ;  t y p i c a l  upper  Yegua marine fauna p r e s e n t .

112-116 F i n e - t e x t u r e d ,  i n d u r a t e d  micaceous s a n d s to n e .
116-119 S o f t ,  l i g n i t i c ,  micaceous, sandy sh a le*
11.9—121 G ray ish  g reen ,  l i g n i t i c ,  micaceous s h a le *
121-129 Fine to  m ed ium -tex tu red ,  f r i a b l e ,  micaceous sandstone*
129-130 F in e ,  l i g n i t i c ,  sandy s h a l e ;  one T e x t u l a r i a  s p . ,. one

s h e l l  fragment found.
130-140. Gray, micaceous,  p y r i t i c  s h a l e ;  Ammobaculites s p . , and

227-232
232-234

308-312
312-316
563-566

566-570 
57 5-580 
580-586 
588-589 
592-602

643.-652
6 5 2 -6 5 3 |
653g-655
658-666
666-670

one p y r i t i z e d  G lo b e r ig in a  sp. 
F i n e - t e x t u r e d ,  l i g h t  g r a y ,  micaceous

l i g n i t  i c  s h a le
s a n d s to n e • 
c o n t a in i n g a n g u l a r ,S l i g h t l y  sandy ,  a shy ,  

g l a s s y  f ragments*
F i n e - t e x t u r e d ,  l i g n i t i c ,  micaceous san d s to n e*
Light g r a y  s i l t s t o n e ;  Ammobaculites s p .  p r e se n t*  
F i n e - t e x t u r e d ,  l i g n i t i c ,  micaceous,  a sh y  s an d s to n e ;

many g r a i n s  very  angu lar*
Dark g ray ,  l i g n i t i c ,  ashy ,  s l i g h t l y  sandy sh a le*  
F i n e - t e x t u r e d ,  g ray  s a n d s to n e .
F i n e - t e x t u r e d ,  micaceous,  s h a ly  sands tone*
L i g n i t i c  s h a le  and very  f i n e - t e x t u r e d  s a n d s to n e .  
C a lca reous  s a n d s to n e ;  many r e d  q u a r t z  g r a i n s  and a n g u la r ,  

g l a s s y  f ragm ents*
G ray ish  g r e e n ,  l i g n i t i c  sha le*
F in e ,  a sh y ,  l i g n i t i c  s a n d s to n e .
F i n e - t e x t u r e d ,  s i l t y  sands tone*
Fine to  m ed ium -tex tu red ,  l i g n i t i c  san d s to n e*
Grayish  g reen  sh a le*

These core r e c o rd s t o g e t h e r  w i th  t h e  c o r e s ,  r o c k - c u t t i n g s  and

Schlumberger lo g s  from o t h e r  w e l l s  show t h a t  s a n d s to n e ,  sandy and
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s i l t y  s h a l e ,  and s h a l e  make up th e  e n t i r e  Yegua w ith  th e  e x c e p t io n  

of s e v e r a l  v e ry  t h i n  beds of b e n t o n i t e  and one t h i n  bed of l i g n i t e  

which occur  only i n  th e  n o r t h  p a r t  of th e  coun ty .  At Tomball,  

sands tone  beds va ry ing  i n  th i c k n e s s  from one f o o t  to  f i f t y  f e e t  

make up f o r t y  per cent  of t h e  Yegua, while a t  F a irbanks  they com­

p r i s e  twenty per  c e n t  of th e  fo rm a t io n .
1

The sa n d s to n es  a r e  almost e n t i r e l y  q u a r t z o s e .  Plummer

_

Plummer, F. B . , Geology o f  Texas: Univ. of Texas B u l l . ,
no. 3232, p. 672, 1933.

e s t i m a t e s  t h a t  the  c o n t i n e n t a l  s a n d s to n e s  a t  t h e  o u tc ro p  are  more 

t h a n  n in t y - n i n e  p e r  c en t  q u a r t z .  This  i s  p ro b ab ly  t r u e  of the  

marine s a n d s to n e s  i n  H a r r i s  County a l s o .  The g r a i n s  a re  sub­

round, u s u a l l y  c l e a r ,  bu t  some a re  milky and a very  few a re  g r a y i s h  

b lu e .  Very r a r e l y  c h e r t  g r a i n s  a r e  p r e s e n t ,  and  many of the  sand ­

s to n e  beds c o n t a i n  muscovite  and f ra g m en ta l  l i g n i t e .

The s h a l e  i s  c h a r a c t e r i z e d  by a c h o c o la t e  brown or g r e e n i s h  

brown c o l o r ,  i s  b r i t t l e  and h as  a c o n c h o id a l  f r a c t u r e .  The 

c h o c o la t e  brown c o lo r  i s  p a r t i c u l a r l y  c h a r a c t e r i s t i c  o f  the upper  

p a r t  o f  th e  fo rm a t io n  and c o n t r a s t s  r a t h e r  s h a r p l y  w i th  the gray  

s h a l e s  o f  t h e  o v e r ly in g  C a d d e l l  fo rm a t ion .  N e a r ly  a l l  the  Yegua 

s h a l e s  c o n t a i n  sm a l l  f ragm ents  of l i g n i t e  and  a r e  micaceous, 

b i o t i t e  be ing  p a r t i c u l a r l y  co n sp icu o u s .  Many of t h e  beds a r e  a l so  

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

f ragm ents  have become p y r i t i z e d *

In  th e  v i c i n i t y  of  Tomball a s i x - i n c h  bed of  l i g h t  g r e e n
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b e n t o n i t e  i s  p r e s e n t  a t  th e  to p  o f  th e  fo rm a t io n  and a n o th e r  bed 

o f  v e ry  l i g h t - c o l o r e d  b e n t o n i t e  o cc u rs  j u s t  above the  second sand­

s to n e  abou t  275 f e e t  or  300 f e e t  below the  Yegua-Jackson co n tac t*

I n  th e  same a r e a  a s i x - i n c h  l i g n i t e  bed i s  found i n  th e  middle  o f  

the  f i r s t  s a n d s to n e .

The d i s t r i b u t i o n  o f  t h e  san d s to n e  and s h a le  beds  i s  no t  u n i fo rm  

th ro u g h o u t  t h i s  p a r t  o f  th e  s e c t i o n .  The upper  220-240 f e e t  a r e  

sh a le  w i th  o c c a s io n a l  t h i n  s t r e a k s  o f  sandy or  s i l t y  s h a l e .  Below 

t h i s ,  s a n d s to n e  beds from a few in c h e s  to  f i f t y  f e e t  t h i c k  a re  

i n t e r s t r a t i f i e d  w i th  the  s h a l e ,  making a v e ry  d i s t i n c t  l i t h o l o g i c  

b r e a k .  That t h i s  s a n d s to n e  and s h a l e  s e r i e s  c o n t in u e s  down as  f a r  

a s  t h e  top  o f  th e  C ro c k e t t  i s  shown by the  Schlumberger  log  and th e  

co re s  from the  S ta n o l in d  e t  a l  No. 1 J .  W. Thorpe w e l l  i n  Yfeller 

County which was d r i l l e d  co m p le te ly  th ro u g h  the Yegua fo rm a t io n .

G e n e ra l ly  sp e ak in g ,  t h e  san d s to n e  beds a r e  o f  the  b l a n k e t  

type  and do n o t  l e n s  o u t  and i n t e r f i n g e r  as  th e y  do a t  the  o u t ­

c ro p .  The upper  f i v e  sa n d s to n e  s t r a t a  have been d r i l l e d  o r  cored  

f r e q u e n t l y  i n  the  q u e s t  f o r  o i l .  A l l  o f  t h e s e  can be t r a c e d  as  

much a s  tw enty  m i l e s  down th e  r e g i o n a l  d ip  from Tomball and f o r  

c o n s id e r a b l e  d i s t a n c e s  a lo n g  the  s t r i k e .

A c o n s id e r a b le  number o f  the  t h i n n e r  sa n d s to n e  s t r a t a  a re  

c ro s s -b e d d e d .  S in ce  c o re s  g ive  a v e ry  sm all  sample o f  th e  forma­

t i o n ,  a d e t a i l e d  s tudy  o f  the  c ro s s -b e d d in g  i s  n o t  p o s s i b l e .  I t  

i s  im p o r ta n t  to n o t e ,  however,  t h a t  t h i s  s t r u c t u r e  may be encoun t­

e re d  anywhere i n  the  sandy p a r t  o f  th e  fo rm a t io n  and i s  no t  r e ­

s t r i c t e d  to a p a r t i c u l a r  zone.
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C o n d i t io n s  of  Accumulat ion.

The p re se n c e  of marine f o r a m i n i f e r a ,  marine o s t r a c o d s ,  and 

pelecypod and g as t ro p o d  f ragm en ts  t o g e t h e r  w i th  abundant g laucon ­

i t e  e s t a b l i s h e s  the marine c h a r a c t e r  of t h e  Yegua i n  H a r r i s  County. 

This i s  c o r r o b o r a t e d  by th e  c o n t i n u i t y  o f  the  b lanke t  sands  which 

a r e  i n  s t r i k i n g  c o n t r a s t  to  the  l e n t i c u l a r ,  i n t e r f i n g e r i n g  sands 

of the  c o n t i n e n t a l  f a c i e s  a t  the  o u tc ro p .

Pa leogeography .

While the  approx im ate  p o s i t i o n  of th e  sh o re  l i n e  of the  Yegua 

s e a  can be de te rm ined  from a s tu d y  of  the  s e c t i o n s  from w e l l s  d r i l l e d  

n o r th  of H a r r i s  County, th e  ex a c t  p o s i t i o n  cannot be e s t a b l i s h e d  

because  of the  r e l a t i v e l y  sm a l l  number o f  the  w e l l s  t h a t  have been 

d r i l l e d  i n t o  t h e  Yegua fo rm a t io n  i n  t h i s  a r e a .  The core  d e s c r i p ­

t i o n s  of two o f  the  more s i g n i f i c a n t  w e l l s  have been g iv e n  above.

I t  i s  on the b a s i s  o f  t h e s e  co re  r e c o rd s  supplemented by a study 

of  th e  rock  c u t t i n g s  from t h e i r  uncored  p o r t i o n s  and by a s tudy  

o f  the  s e c t i o n s  from o t h e r  w e l l s  t h a t  the  c o n c lu s io n s  g iv e n  below 

were reached .

The S h e l l  P e tro leum  C o r p o r a t i o n ' s  No. 1 H. M. C re ig h to n  w e l l  

i n  c e n t r a l  Montgomery County was d r i l l e d  518 f e e t  i n to  the  Yegua.

This i s  com ple te ly  m ar in e .  While f o s s i l s  a r e  v e ry  common i n  the 

upper  220 f e e t  th e y  a re  v e ry  r a r e  below t h i s  p o i n t .  I t  i s  t h i s  

p o in t  too  t h a t  marks th e  b reak  between the upper s h a le  zone and 

th e  lower zone of  s a n d s to n e  and s h a l e .  This  s u g g e s ts  t h a t  the shore  

l i n e  was a r e l a t i v e l y  s h o r t  d i s t a n c e  n o r th  of  t h i s  w e l l  while a l l  

bu t  the  upper  220 f e e t  of  t h e  sed im en ts  were b e in g  d e p o s i t e d .  I t  

i s  p ro b a b le  t h a t  d u r in g  e a r l y  Yegua time the  sh o re  was a very  s h o r t
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d i s t a n c e  s o u th  of  the  s i t e  of the  Middle Yegua shore  l i n e  s in c e

f o r a m i n i f e r a  a re  a l i t t l e  more r a r e  i n  the Lower Yegua th an  i n  the

Middle Yegua a t  Tomball* Near t h e  c l o s e  o f  t h e  epoch, the  sho re

l i n e  moved nor thw ard  i n t o  Walker County and remained t h e r e  while

th e  230 f e e t  of  s h a l e  in  the upper  p a r t  of th e  fo rm a t io n  were being

d e p o s i t e d  i n  t h e  a r e a  now covered  by H a r r i s  County*

These p o s i t i o n s  f o r  the  Lower, Middle and Upper Yegua shore

l i n e s  a r e  s u b s t a n t i a t e d  by ev id en ce  from the  Chapman and  Smith

No. 1 D e l t a  Land and Timber Company w ell  i n  n o r t h e r n  Montgomery

County. While co re s  were t a k e n  i n  t h i s  w e l l  on ly  i n  the  upper  670

f e e t  o f  th e  Yegua, i t  was d r i l l e d  i n t o  the  C ro ck e t t  and t h e  rock-

c u t t i n g s  from the  whole fo rm a t io n  have b een  examined. In  a core

232 f e e t  below th e  to p  o f  the  fo rm a t io n  an a shy ,  s l i g h t l y  sandy

s h a le  bed was found .  Below t h i s  bed a r e  a number of s i m i l a r  ashy

s t r a t a .  One bed o f  a sh  more t h a n  10 f e e t  t h i c k  was encoun te red  a

l i t t l e  l e s s  than 1000 f e e t  below the  to p .

In  the upper p a r t  of  t h i s  ashy  s e r i e s  a re  s e v e r a l  sandy sh a le

beds t h a t  c o n t a i n  Aramobaculites sp .  S p e c i a l  s i g n i f i c a n c e  i s
1

a t t a c h e d  t o  t h i s  genus .  Of i t  Cushman s a y s :  "There i s  a wide

_

Cushman, J .  A.,  F o ra m in i f e r a  T h e i r  C l a s s i f i c a t i o n  and Economic 
Use: Cushman L a b o ra to ry  f o r  F o r a m i n i f e r a l  R esea rch  S p e c i a l
P u b l i c a t i o n ,  No. 1, p. 108, 1928.

range o f  h a b i t a t  in  the  p r e s e n t  ocean ,  some s p e c i e s  on ly  found in

c o l d ,  deep w a te r ,  o th e r s  i n  v e ry  sha l low  warm w a te rs  of the t r o p i c s . "  

While i t  i s  o f t e n  found h e r e  i n  the  T e r t i a r y  a s s o c i a t e d  w i th  o th e r
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marine f o r a m i n i f e r a ,  i t  f r e q u e n t l y  occu rs  a lone  in  sandy beds 

s i t u a t e d  i n  l o c a l i t i e s  f a r t h e r  n o r t h  (shoreward)  th a n  the  a r e a s  

where o the r  g e n e ra  a re  found. I t  seems to  have been a b l e  to s u r ­

v iv e  i n  sha l low er  w a te r  and n e a r e r  shore  th a n  o the r  forms. I t s  

p re se n ce  in  th e se  sandy beds when o t h e r  marine f o s s i l s  a r e  absen t  

i s  c o n s id e r e d  i n d i c a t i v e  of th e  p ro x im i ty  of t h e  shore  l i n e .  Above 

the f i r s t  a shy  bed i n  t h i s  w e l l  i s  an  abundance of marine f o s s i l s .

Aside  from minor f l u c t u a t i o n s ,  t h e s e  f a c t s  i n d i c a t e  t h a t  

d u r in g  Lower Yegua t im e th e  sh o re  l i n e  was in  the v i c i n i t y  of the  

S h e l l  Pe tro leum  C o r p o r a t i o n ' s  No. 1 H. M. C re ig h to n  w e l l ,  th a t  

du r in g  Middle Yegua t ime i t  m ig ra ted  a s h o r t  d i s t a n c e  nor thw ard  

somewhere between the  l a t t e r  w e l l  and th e  Chapman and Smith No. 1 

D e l ta  Land and Timber Company w ell  and t h a t  d u r in g  Upper Yegua time

when the  upper  230 f e e t  of s h a l e  were be ing  l a i d  down i n  H a r r i s

County the  sho re  l i n e  s to o d  somewhere in  Walker County (F ig .  2)*

I t  shou ld  be n o te d  t h a t  the  g r e a t e s t  movement of th e  shore  l in e  

came a f t e r  the  lower 1100 f e e t  o f  sand  and sha le  had been d e p o s i t e d

and b e fo re  th e  upper 230 f e e t  of s h a l e  were l a i d  down. The d i f f e r e n c e

i n  the  p o s i t i o n  of t h e  Lower ana Middle Yegua shore l i n e s  was not 

g r e a t .  The only r e a s o n  f o r  assuming any d i f f e r e n c e  a t  a l l  i s  th e  

g r e a t e r  s c a r c i t y  of  f o s s i l s ,  a s i d e  from Ammobaculites s p . , i n  the 

Lower Yegua th a n  i n  the  Middle Yegua a t  Tomball.

J a ck so n  Group.
F a y e t t e  Form ation .

Immediate ly  o v e r ly in g  the  Yegua beds in  the  Texas Gulf  Coast 

i s  th e  F a y e t t e ,  the  only fo rm a t io n  i n  the  Ja ck so n  Group of Texas, 

while many w e l l s  have been d r i l l e d  th ro u g h  t h i s  fo rm a t io n  in  H a r r i s
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County and e lsew here  i n  the Gulf  Coas t ,  i t  i s  r a r e l y  co red  i n  the  

e a s t e r n  h a l f  o f  th e  Texas Gulf Coa'st b ecau se  i t  g e n e r a l l y  c o n t a in s
1

no beds  t h a t  would make s u i t a b l e  r e s e r v o i r  ro ck  f o r  o i l  a c cu m u la t io n .  

_

N ote :  The Raccoon Bend O i l  F ie ld  f u r n i s h e s  th e  o n ly  i n s t a n c e  in
e a s t e r n  Texas of  o i l  d e r iv e d  from the  J a c k s o n .

One m ust ,  a s  a consequence,  r e l y  l a r g e l y  on Schlum berger  l o g s  and 

t h e  r o c k - c u t t i n g s  washed up w hi le  d r i l l i n g  to  f u r n i s h  th e  d a t a  f o r  

a s u b s u r f a c e  s tu d y  o f  th e  F a y e t t e .  Because o f  the d e l a y  i n  the  

r e t u r n  o f  th e s e  c u t t i n g s  to the  s u r f a c e  and b ecau se  cav ing  o f  the  

o v e r l y i n g  fo rm a t io n s  co n tam ina te s  the  sam ples ,  i t  i s  d i f f i c u l t  to  

d e te rm in e  a c c u r a t e l y  the  p r o p e r t i e s  o f  a s e c t i o n  from r o c k - c u t t i n g s .

C o n tac t  w i th  th e  S ub-Form ation .

The Jack so n  group r e s t s  conformably upon the  Yegua b o th  a t  the  

o u tc ro p  and in  w e l l  s e c t i o n s  th roughou t  Texas .

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

A d i v i s i o n  o f  t h e  F a y e t t e  o f  Texas i n t o  t h r e e  members has  

come i n t o  g e n e r a l  r e c o g n i t i o n .  From th e  o l d e s t  t o  the  y o unges t ,  

t h e s e  members a r e  c a l l e d  the  C ad d e l l ,  the  Mcelroy and the  W h i t s e t t .  

Y a r io u s  w r i t e r s  have subd iv ided  each  o f  t h e s e  a t  th e  o u tc ro p  on a 

l i t h o l o g i c  b a s i s  i n t o  a  number o f  t h i n n e r  zo n es .

While th e s e  names fo r  the t h r e e  members o f  the  F a y e t t e  a r e  i n  

g e n e r a l  u s e ,  t h e r e  i s  no u n an im i ty  i n  d e f i n i n g  t i ie | r  l i m i t s . ^  Three 

o f  th e  most r e c e n t  w r i t e r s  on the Jack so n ,  E l l i s o r  , Plummer , and 

R en ick  , have d e f in e d  the members on a b a s i s  o f  l i t h o l o g i c  p r o p e r -
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2 .
E l l i s o r ,  Alva C i r r i s t i n e ,  J a c k s o n  Group o f  Formations  i n  Texas 

with. Notes on F r io  and V icksburg :  A. A. P .  G. B u l l . ,  v o l .  17,
no .  11, pp.  1293-1350, 1933.

3 .
S e l l a r d s ,  S.  H . , Adkins,  U. S . ,  and Plummer, F. B . ,  The Geology 

o f  Texas: The U niv .  of Texas B u l l .  no .  3232, pp. 667-699, 1932.

4 .
Renick ,  B. Coleman, The Ja c k so n  Group and th e  Catahoula  and 

O a k v i l l e  Form ations  i n  a p a r t  o f  th e  Texas Gulf C o a s ta l  P l a i n :
The U niv .  o f  Texas B u l l .  no .  3619, pp .  13-55,  1936.

t i e s  shown a t  t h e  o u tc ro p .

The c o n t a c t s  th u s  d e s c r ib e d  a t  the  o u tc ro p  cannot be found i n  

w e l l  s e c t i o n s  because th e  F a y e t t e ,  w i th  t h e  e x c e p t io n  o f  th e  

M a s s i l i n a  p r a t t i  zone, g rad es  r a p i d l y  i n t o  a  s h a le  f a c i e s  i n  the  

gu lfw ard  d i r e c t i o n  i n  th e  e a s t e r n  h a l f  o f  th e  Texas G ulf  C oas t .

The F a y e t t e  from Goliad  County southward  c o n t a in s  some sand b o d ie s ,  

b u t  even t h e r e  t h e  c o n t a c t s  be tw een  th e  members as  d e s c r ib e d  by 

th e s e  w r i t e r s  p ro b a b ly  cannot be r e c o g n i z e d .

The purpose  h e re  i s  to  r e d e f i n e  t h e  s e v e r a l  members a s  much 

a s  p o s s i b l e  on th e  b a s i s  of p r o p e r t i e s  t h a t  a r e  common to  th e  beds 

b o th  a t  the  o u tc ro p  and i n  w e l l  s e c t i o n s  sou th  of  th e  o u tc ro p .  

Obviously  a l i t h o l o g i c  b a s i s  does n o t  meet t h i s  r e q u i r e m e n t .  The 

f a u n a s  o f  th e s e  F a y e t t e  beds p ro v id e  th e  o n ly  b a s i s  f o r  b reak in g  

th e  fo rm a t io n  i n t o  members t h a t  can be r e c o g n iz e d  over  wide a r e a s .  

Two f o s s i l  zones which l i m i t  th e  two low er  members can be re co g ­

n i z e d  i n  w e l l  s e c t i o n s  from th e  Rio Grande to  th e  Sabine R iv e r s  

and everywhere a t  the  o u tc ro p  e x c ep t  i n  th e  so u th w es te rn  p a r t  o f  

th e  s t a t e .  There the  F a y e t t e  i s  more or  l e s s  u n f o s s i l i f e r o u s ,  and 

l a r g e l y  non-m ar ine .  These zones a re  th e  T e x t u l a r i a  d i b o l l e n s i s  and
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t h e  T e x tu l a p i a  h o c k l e y e n s i s  zo n es .  The d e f i n i t i o n s  o f  th e  members 

th u s  deve loped  d iv i d e s  the  F a y e t t e  much a s  i t  has  been  d iv id e d  a t  

th e  o u tc ro p  by r e c e n t  w r i t e r s ,  bu t  th e y  a r e  a p p l i c a b l e  over  l a r g e r  

a r e a s .  F i n a l l y ,  they  d e f i n e  the  members a s  th e y  a r e  r e co g n iz ed  

by a m a j o r i t y  of  o i l  company s t r a t i g r a p h e r s  working i n  th e  Gulf  

C oas t .

C a d d e l l .

The lower  l i m i t  o f  th e  C ad d e l l  i s  t h e  to p  of the  Yegua, and 

th e  up p e r  l i m i t  i s  th e  top  of th e  T e x t u l a r i a  d i b o l l e n s i s  zone .  

Because o f  the  abundance o f  T e x t u l a r i a  d i b o l l e n s i s  Cushman and 

A p p l in ,  which i s  th e  key  f o s s i l  f o r  t h i s  member, i t  i s  o f t e n  known 

a s  th e  " T e x t u l a r i a  d i b o l l e n s i s  zone” .

The C adde l l  i s  v e ry  f o s s i l i f e r o u s  b o th  a t  the  o u tc ro p  and i n  

w e l l  s e c t i o n s .  G as t ropods ,  pe lecypods  and f o r a m i n i f e r a  a r e  

e s p e c i a l l y  abundan t ,  and e c h in o id  p l a t e s ,  o s t r a c o d s ,  p y r i t i z e d  

d ia to m s ,  and l e s s  f r e q u e n t l y ,  f i s h  t e e t h  may be found a t  c e r t a i n  

p l a c e s .  A d e t a i l e d  s tu d y  o f  the  C a d d e l l  f au n as  would d o u b t l e s s  

r e v e a l  a number of  d i s t i n c t  f o s s i l  zones which would be u s e f u l  

s t r a t i g r a p h i c  m a rk e rs .  One such zone a t  th e  base  o f  th e  C ad d e l l ,  

th e  Moody*s Branch, i s  w ide ly  r e c o g n i z e d .  I t  c o n t a i n s  Camerina 

moodybranchensis  a G ra v e l l  and Hanna and O p e rc u l in a  vaughani Cushman. 

T h is  zone can be t r a c e d  from Texas ea s tw ard  a c r o s s  L o u i s i a n a  and 

M i s s i s s i p p i  i n t o  Alabama.

McElroy.

The McElroy ex ten d s  from th e  top  o f  th e  C addel l  to th e  top  of 

th e  T e x t u l a r i a  h o c k le y e n s i s  zone . T e x t u l a r i a  h o c k le y e n s i s  Cushman
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and A pp l in  i s  tlie in d e x  f o s s i l  f o r  t h i s  member.

This  d e f i n i t i o n  o f  the McElroy i s  n o t  e n t i r e ^  i n  a c c o rd  w i th  

t h a t  o f  E l l i s o r  whose work i s  based p r i m a r i l y  on l i t h o l o g i c  f e a t u r e s

T T  “  '

E l l i s o r ,  Alva C h r i s t i n e ,  J a c k so n  Group o f  F o rm a t ions  i n  Texas 
w i th  Notes  on F r io  and Y ieksburg :  A. A. P .  G. B u l l . ,  v o l .  17,
no .  11, p p .  1310-14, 1933,

shown a t  the  o u t c r o p .  She i n c l u d e s  the  D i lw o r th  sand and the

F a l l s  C i ty  s h a l e s  i n  th e  W h i t s e t t .  S ince  the  F a l l s  C i ty  s h a l e s

c o n t a i n  T e x t u l a r i a  h o c k l e y e n s i s  Cushman and A p p l in ,  i t  i s  h e r e

i n c lu d e d  i n  th e  McElroy.
2

Plummer -places the  top  of  the  McElroy " a t  the  base  o f  the

_ _

Plummer, F.  B . ,  l o c .  c i t . ,  p .  687.

p e r s i s t e n t  s a n d s to n e  l o c a l l y  known a s  Grove town o r  ’ quarrjr* sand ­

s to n e  which caps th e  top  o f  t h e  L ipan  H i l l s " .  The Grovetown i s  the  

same a s  E l l i s o r Ts S tones  Switch  san d s to n e  which o v e r l i e s  th e  F a l l s  

C i ty  s h a l e s .  Thus the  upper  l i m i t  o f  th e  McElroy a c c o rd in g  to  

Plummer i s  t h e  top  o f  the  F a l l s  C i ty  s h a l e s  which  i s  a l s o  t h e  to p  

o f  th e  T e x t u l a r i a  h o c k l e y e n s i s  zone.  Plummer a c t u a l l y  d i v i d e s  th e  

F a y e t t e  a s  i t  i s  done h e r e ,  b u t  h i s  d e f i n i t i o n s  cannot be a p p l i e d  

t o  t h e  fo rm a t io n  a s  i t  i s  en co u n te red  i n  w e l l  s e c t i o n s .

Like th e  C a d d e l l ,  the  McElroy i s  v e ry  f o s s i l i f e r o u s  i n  w e l l  

s e c t i o n s .  P e le c y p o d s ,  g a s t ro p o d s  and f o r a m i n i f e r a  a r e  e s p e c i a l l y  

ab u n d a n t .  At th e  o u tc ro p ,  th e  m idd le  p a r t  i s  l a r g e l y  n o n - f o s s i l -  

i f e r o u s  and the r e s t  o f  the McElroy i s  n o t  a s  f o s s i l i f e r o u s  t h e r e  

a s  i t  i s  a s h o r t  d i s t a n c e  g u l fw a rd .
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Whit s e t t *

The W h i ts e t t  in c lu d e s  a l l  beds between th e  t o p  o f  the  McElroy 

and th e  top  of  t h e  Trochammina t e a s i  zone* At th e  o u tc ro p  i t  i s  

i n  co n ta c t  w i th  th e  ashy  C a tahou la  f o rm a t io n  in  th e  e a s t e r n  end of 

the  s t a t e  and w i th  th e  F r io  fo rm a t io n  in  t h e  s o u th w e s te r n  p a r t  of 

the  s t a t e .  In  w e l l  s e c t i o n s  a wedge of marine V icksbu rg  sediments  

o v e r l i e s  the  W h i ts e t t*

The W h i t s e t t  i s  v e ry  f o s s i l i f e r o u s  where i t  i s  en co u n te red  

i n  w el ls  d r i l l e d  s o u th  o f  th e  o u tc ro p .  F o ra m in i f e r a ,  pe lecypods 

and g a s t ro p o d s  a r e  most ab u n d a n t .  I t  i s  l e s s  f o s s i l i f e r o u s  a t  

th e  o u tc ro p ,  but such f a u n a s  as  i t  co n ta in s  d i s t i n g u i s h  i t  c l e a r l y  

from the  o v e r ly in g  u n f o s s i l i f e r o u s , a s h y  Catahou la  and F r io  form­

a t  io n s .

About sev en ty  f e e t  below th e  to p  of t h e  W h i t s e t t  in  w e l l  

s e c t i o n s  M arg in u l in a  c o c o a e n s i s  Cushman i s  found .  Being e a s i l y  

r e co g n ized  and coming in  a t  a r a t h e r  co n s tan t  i n t e r v a l  below the  

to p  of  the J a c k s o n ,  i t  i s  a good marker fo r  c o r r e l a t i n g  w e l l  

s e c t i o n s .  The lowest  p a r t  of t h e  W h i t s e t t  i s  known a s  th e  

Mass i l i n a  p r a t t i  zone. The key f o s s i l  f o r  t h i s  zone i s  Mass i l i n a  

p r a t t i  Cushman and E l l i s o r .  The zone i s  g e n e r a l l y  80 f e e t  to  100 

f e e t  t h i c k ,  i s  e a s i l y  r e c o g n iz e d  both  in  well  s e c t i o n s  and a t  the 

ou tc ro p  in the e a s t e r n  p a r t  o f  the  s t a t e  but i s  p o o r ly  deve loped  

i n  southwest Texas.

D i s t r i b u t i o n  and  Th ickness .

The Jack so n  i s  p r e s e n t  in  a l l  p a r t s  of th e  T ex a s -L o u is ia n a  

Gulf Coast  so u th  of t h e  o u tc ro p  except  i n  th o se  p l a c e s  where i t  i s  

p i e r c e d  by s a l t  domes. Wherever the  Jackson  i s  p r e s e n t  i n  Texas,

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



42

i t  i s  r e p r e s e n t e d  by a l l  th r e e  members excep t  a t  the  o u tc ro p  i n  

the v i c i n i t y  of  Gonzales County where t h e  W h i ts e t t  i s  o v e r la p p e d .

In  the w el ls  d r i l l e d  a few miles s o u th  of  the  o u tc ro p  in  Polk ,  

San J a c i n t o ,  Walker,  Montgomery and Grimes C o u n t ie s ,  Texas ,  the  

J a ck so n  v a r i e s  in  t h i c k n e s s  from 900 f e e t  t o  1000 f e e t .  In  the  

n o r th e r n  p a r t  o f  H a r r i s  County i t  i s  ap p ro x im a te ly  1075 f e e t  t h i c k .  

The f o r m a t io n a l  t h i c k e n i n g  of th e  J a c k so n  between t h e s e  two l o c a l i ­

t i e s  i s  s c a r c e l y  more than  10 per  c e n t .  In n o r t h e r n  H a r r i s  County 

th e  ave rage  t h i c k n e s s  of th e  C addel l  i s  845 f e e t ,  the  McElroy 580 

f e e t  to  600 f e e t  and th e  W h i t s e t t  230 f e e t .  Few w e l l s  l o c a t e d  in  

o r  a long  the  s t r i k e  of th e  s o u th e r n  p a r t  of H a r r i s  County have gone 

through th e  Jack so n .  One w e l l ,  however, th e  Bunte-Texas Gulf  

p roducing  Company's No. 1 Westmoreland Development Company w e l l ,  

l o c a t e d  s i x  m iles  sou thw es t  of Houston, was d r i l l e d  i n t o  th e  Yegua. 

In t h i s  w e l l ,  th e  t o t a l  t h ic k n e s s  of t h e  Jackson  i s  1380 f e e t .  I t  

i s  i n t e r e s t i n g  t o  no te  t h a t  the  most th i c k e n in g  occu rred  in th e  

C adde l l  which i s  505 f e e t  t h i c k  h e r e .  The C adde l l  has tw ic e  th e  

t h i c k n e s s  i n  t h i s  a r e a  th a t  i t  has a t  F a i rb an k s  j u s t  twelve m iles  

no r thw ard .  The McElroy in  t h i s  same w e l l  i s  640 f e e t  t h i c k  w hi le  

the  W h i ts e t t  i s  th e  normal 230 f e e t  in  t h i c k n e s s .  In  the  S t a n o l i n d  

O i l  and Gas Company's No. 1 Angelo C a n d e la r i  w e l l  which i s  l o c a t e d  

four  m i le s  e a s t  of Houston and i s  500 f e e t  h ig h e r  s t r u c t u r a l l y  

th an  th e  Westmoreland Development Company w e l l ,  the  t o t a l  th i c k n e s s  

o f  trie Jack so n  i s  1243 f e e t .  The C ad d e l l  a g a in  shows th e  l a r g e s t  

amount of t h i c k e n i n g ,  i t s  t h ic k n e s s  be ing  ap p ro x im a te ly  400 f e e t .

In the S t e r l i n g  O i l  and R e f in in g  Company's No. 1 Frank Janek  w e l l  

which i s  l o c a t e d  i n  n o r th e r n  ’Wharton County and is over  1400 f e e t
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h ig h e r  s t r u c t u r a l l y  t h a n  t h e  Westmoreland Development Company w e l l ,  

the t o t a l  t h i c k n e s s  of th e  Jackson  i s  1179 f e e t .  The C ad d e l l  i s  

302 f e e t  in  t h i c k n e s s .  While t h e r e  may not ye t  be s u f f i c i e n t  

ev idence  t o  make d e f i n i t e  g e n e r a l i z a t i o n s ,  th e  da ta  here  g iv e n  

s t r o n g l y  i n d i c a t e s  a c o n s i d e r a b l e  amount of f o rm a t io n a l  t h i c k e n i n g  

o f  th e  Lower Jackson .  I t  i s  very  s i g n i f i c a n t  t h a t  th e  r a t e  of 

th ic k e n in g  i s  much g r e a t e r  so u th  of F a i rb a n k s  and v i c i n i t y  th a n  i t  

i s  n o r th  o f  t h e r e .  I f  one assumes a c o n t i n u a t i o n  o f  th e  same degree  

of t h i c k e n in g  as i s  shown between F a irbanks  and the  'Westmoreland 

Development Company v /e l l ,  the  Jackson  must be 2500 f e e t  t h i c k  a t  

th e  p r e s e n t .sh o re  l i n e .  I t  i s  a l t o g e t h e r  p o s s i b l e  t h a t  th e  degree 

or r a t e  of th i c k e n i n g  in c r e a s e s  sou th  o f  t h e  Westmoreland w e l l  as  

i t  does n o r th  o f  i t  i n  which case  th e  Jack so n  would be much more 

th a n  2500 f e e t  t h i c k  a t  t h e  shore  l in e *

L i th o lo g y .

The s u b s u r f a c e  Jackson  in  t h e  e a s t e r n  h a l f  of th e  Texas

C o a s ta l  p l a i n  i s  made up e n t i r e l y  of s h a l e  excep t  f o r  t h e  r e a l -

t i v e l y  t h i n  M a s s i l in a  p r a t t i  zone which in  i t s  t y p i c a l  d e v e lo p -
1

ment i s  sand and sandy s h a le *  South of G o l iad  County, th e  Jackson

_ _  ;
N ote :  An e x c e p t i o n  to  t h i s  i s  a sandy zone in  the W h i ts e t t  in

the  Racoon Bend O il  F i e l d .  This is  a very  l o c a l  c o n d i t i o n ,  how­
e v e r ,  and is  c o n f in e d  to  the  a r e a  of th e  s t r u c t u r e .

c o n t a in s  w e l l -d e v e lo p e d  sand b o d ie s  and i s  p e t r o l i f e r o u s .  At the

o u tc ro p ,  the J a c k so n  is  l i t h o l o g i c a l l y  u n l ik e  th e  J a ck so n  below
2

th e  s u r f a c e .  Plummer e s t im a te s  t h a t  i t  c o n s i s t s  of about  40 per
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3.  :------------— -------------------------------
Plummer, P .  B . ,  l o c .  c i t . ,  p .  690.

c e n t  sand ,  40 p e r  c en t  sandy  o r  a shy  c l a y ,  10 p e r  c e n t  c l a y ,  5 p e r  

c e n t  b e n t o n i t e  o r  f u l l e r ’ s e a r t h ,  4 p e r  c en t  q u a r t z i t e ,  and 1 p e r  

c e n t  l i g n i t e .

The s h a le  i s  b l u i s h  g r a y  to  g r e e n i s h  g r a y  i n  c o l o r  and c o n ta in s  

a  v e ry  sm all  amount o f  v e r y  m inu te  f l a k e s  o f  m ica .  O c c a s io n a l ly ,  

s h a l e  beds o f  a  c h o c o la t e  brown c o l o r  a re  en c o u n te re d  i n  the  C a d d e l l .  

T h is  lo w es t  member i s  a l s o  q u i t e  g l a u c o n i t i c  and l o c a l l y  c o n t a i n s  

b e n t o n i t i c  b ed s .  The Moody’ s Branch zone i s  e s p e c i a l l y  g l a u c o n i t i c  

and i s  s l i g h t l y  m a r ly .

C o n d i t io n s  o f  A ccum ulat ion .

The p re se n ce  i n  w e l l  s e c t i o n s  o f  f o r a m i n i f e r a ,  e c h in o id  p l a t e s ,  

and o t h e r  marine f o s s i l s  t o g e t h e r  w i th  g l a u c o n i t e  show t h a t  the  

C a d d e l l  was d e p o s i t e d  un d e r  m arine  c o n d i t i o n s  over  th e  a r e a  b e ­

g in n in g  a s h o r t  d i s t a n c e  s o u th  o f  th e  o u tc ro p .  I t  i s  a l s o  m ar ine  

a t  th e  o u tc ro p  i n  the  e a s t e r n  p a r t  o f  the  s t a t e ,  and T e x t u l a r i a  

d i b o l l e n s i  s Cushman and A pp l in  h as  been found a t  th e  s u r f a c e  a s

f a r  west  a s  Cheepside ,  G onzales  County. The s u r f a c e  s t u d i e s  o f  
3

R e n ick  , however, show t h a t  westward from T r i n i t y  County f l u v i a -

_  •
Ren ick ,  B. Coleman, l o c .  c i t . ,  p .  33.

t i l e  and p a l u s t r i n e  d e p o s i t s  a r e  i n t e r s t r a t i f i e d  w i th  m arine  b ed s .

The e n t i r e  McElroy i s  a l s o  marine i n  w e l l  s e c t i o n s  which a r e  

l o c a t e d  a s h o r t  d i s t a n c e  so u th  o f  th e  o u tc ro p .  Marine f o s s i l s  a r e
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abundan t .  I t  is  p a r t l y  marine and p a r t l y  non-marine a t  the  ou t -  
1

c ro p .  E l l i s o r  d e s c r ib e s  the  Wooley*s B lu f f  c l a y s ,  t h e  lower p a r t

_  .

E l l i s o r ,  Alva C h r i s t i n e ,  l o c .  c i t . ,  p. 1303.

of  th e  McElroy in  the  e a s t e r n  p a r t  of the s t a t e ,  a s  b e in g  marine.

The o v e r ly in g  Manning beds ,  however,  c o n ta in  many beds of v o lc an ic

ash  and ashy sa n d s to n e  which a r e  n o n - f o s s i l i f e r o u s  and non-marine .
2

Renick  b e l i e v e s  t h a t  th e s e  s t r a t a  were d e p o s i t e d  "under  p a l u s t r i n e ,  

_

Renick ,  B. Coleman, l o c .  c i t . ,  p. 42.

f l u v i a t i l e ,  la g o o n a l  and l i t t o r a l  c o n d i t i o n s " .  The D i lw o r th  sand 

and F a l l s  C i ty  s h a l e s ,  t h e  upper  p a r t  of  th e  McElroy, a re  marine, 

p robab ly  n e a r - s h o r e  d e p o s i t s .

The W h i t s e t t  below th e  s u r f a c e  i s  marine in  a l l  p a r t s  of th e  

Texas C o a s t a l  P l a i n ,  but a t  t h e  s u r f a c e  in  e a s t e r n  Texas bo th  

marine and non-marine d e p o s i t s  a r e  p r e s e n t .  F l u v i a t i l e  and s t r a n d -  

l i n e  d e p o s i t s  a re  i n t e r s t r a t i f i e d  w i th  sha l low  water beds .

Paleogeography .

The g e n e r a l  advance of th e  seas  which o cc u r red  d u r in g  Yegua 

time c o n t in u e d  d u r in g  th e  Ja c k so n .  A maximum fo r  t h i s  in v a s io n  

in  e a s t e r n  Texas o c c u r red  d u r in g  Caddel l  t ime where t h e  sh o re  l i n e  

was an  unknown but p ro b ab ly  not g r e a t  d i s t a n c e  n o r th  o f  th e  p resen t  

o u tc ro p .  West of T r i n i t y  County, however, t h e  s t r a n d - l i n e  was 

ap p ro x im a te ly  a t  t h e  p o s i t i o n  of t h e  p re s e n t  o u tc ro p .  A s l i g h t  

r e t r e a t  of  th e  sea to o k  p la ce  du r ing  middle McElroy t im e .  Then th e
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s t r a n d - l i n e  was a p p r o x im a te l y  f i v e  mi les  s o u t h  of i t s  former 

p o s i t i o n .  The sea readvanced  in l a t e  McElroy t ime to  a p o s i t i o n  

a very s h o r t  d i s t a n c e  n o r t h  of  th e  p re se n t  ou tc ro p  where,  wi th  th e  

e x c e p t i o n  of  minor r e t r e a t s ,  i t  r emained u n t i l  t h e  c l o s e  of  the 

Jacks on  epoch (Fig .  3)*

Oligocene  Ser ies*
T e x t u l a r i a  war re n i  Beds (Vicksburg in  p a r t ) *

A wedge of marine s h a l e s  and sands o v e r l i e s  the  Jack so n  Group

in  w e l l  s e c t i o n s  i n  Texas.  The upper p a r t  o f  t h i s  marine wedge

c o n t a i n s  few, i f  any,  d i a g n o s t i c  f o s s i l s .  T e x t u l a r i a  warreni

Cushman and E l l i s o r  and s h e l l  f ragments  comprise th e  g r e a t e r  pa r t

of  t h e  fauna .  The f i r s t  d i a g n o s t i c  f o s s i l s  a r e  g e n e r a l l y  found

a p p rox i m a te ly  200 f e e t  below the  top  of  the  T e x t u l a r i a  w ar r en i  zone.  
1

E l l i s o r  has i d e n t i f i e d  t h i s  f auna  as Vicksburg i n  ag e .  Out of

_ _  '

E l l i s o r ,  Alva C h r i s t i n e ,  l o c .  c i t . ,  pp. 1293-1350.

s i x t y  s p e c i e s  i d e n t i f i e d ,  f i f t y - s e v e n  were found in  t h e  Vicksburg 

s t r a t a  of M i s s i s s i p p i .  Al though th e  Vicksburg age of t h e  lower 

p a r t  of  th e s e  beds i s  u n q u e s t i o n e d ,  th e  e q u i v a l e n t ,  in  the  

M i s s i s s i p p i  s e c t i o n ,  o f  t h e  upper p a r t  has not  been  d e t e r m in ed .

The t r u e  Vicksburg p o r t i o n  of  t h i s  marine wedge and t h e  upper  pa r t  

which c o n t a i n s  no d i a g n o s t i c  f aunas  a r e  t r e a t e d  t o g e t h e r  he re  as  a 

u n i t  because the d e p o s i t i o n  of the e n t i r e  wedge marked a s i n g l e  

event  in  t h e  geo l o g ic  h i s t o r y  of  t h e  Texas Gulf  Coast  - -  namely,  

the r e t r e a t  of t h e  se a s  a t  t h e  c l o s e  of  Jackson t ime from a p o s i t i o n  

f a r  i n la n d  t o  a p o s i t i o n  near  t h e  p r e s e n t  shore l i n e .  The whole
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marine wedge thus  forms a n a t u r a l  s t r a t i g r a p h i c  u n i t .  Whether un­

f a v o r a b l e  e nv i ro nm e nt a l  c o n d i t i o n s  account  f o r  the  absence of  

t y p i c a l  Vicksburg f o s s i l s  i n  t h e  Upper T e x t u l a r i a  w a r re n i  Beds 

or whether  t h e s e  upper beds a r e  r e a l l y  younger  t h a n  the  youngest  

Vicksburg  s t r a t a  in  M i s s i s s i p p i  i s  y e t  t o  be determined*

Contac t  w i t h  t h e  Sub-Format ion .

Schlumberger  logs  and r o c k - c u t t i n g s  show no pronounced t e x ­

t u r a l  change in t h e  se d im ent s  a t  th e  Jacks on- Vic ksb urg  c o n t a c t .  

T e x t u l a r i a  war ren i  3eds have never  been found a t  th e  ou tc rop  i n  

Texas so t h a t  t h e  n a t u r e  of th e  b a s a l  c o n t a c t  has  no t  been obse rved  

d i r e c t l y .  I n  view of  t h e  f a c t  th a t  t h e s e  beds were d e p o s i t e d ,  as 

w i l l  be shown l a t e r ,  as  t h e  seas  moved gul fward  from the in la n d  

p o s i t i o n  which they occupied  a t  t h e  c l o s e  of  Ja cks on  t ime,  con­

t i n u o u s  d e p o s i t i o n  and conformable b a s a l  c o n t a c t  a r e  to be i n f e r r e d *

D i s t r i b u t i o n  and T h ic kn e ss .

As s t a t e d  p r e v i o u s l y ,  T e x t u l a r i a  war ren i  Beds have never  been

found at  the  ou tc ro p  i n  Texas,  bu t  t h e y  have been r e p o r t e d  a t  th e
1

s u r f a c e  i n  La S a l l e  P a r i s h ,  L o u i s i a n a  . The Ja c k s o n  has always been

F i s k ,  H. N*, P e r s o n a l  communicat ion.

found to  be o v e r l a i n  by the  Ca tahou la  or F r i o  f o rm a t i o n s  in  Texas* 

F o s s i l s  of th e  T e x t u l a r i a  w ar re n i  zone have been found i n  the  

C a l i f o r n i a  Company Ho. 1 Gar c ia  wel l  i n  Brooks County,  Texas,  and 

i n  the T idewater -Darby  Oil  Company Ho. 1 So u th w es te rn  Lumber Company 

w e l l  i n  J a s p e r  Counter, Texas,  and i n  numerous w e l l s  between t h e s e
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two c o u n t i e s .  That a c o n t i n u o u s  wedge o f  T e x t u l a r i a  w arren i  Beds

ex tends  from the  Rio G-rande River  to  the  Sabine River  i s  a c e r t a i n t y .

The d i s t a n c e  i n l a n d  t h a t  t h i s  wedge extends i s  no t  e x a c t l y  known

a l t h o u g h  i t  must be ve ry  near  t h e  ou tc rop  o f  t h e  C a t a h o u l a - J a c k s  on
1

c o n t a c t  in  the  e a s t e r n  p a r t  of  t h e  s t a t e  •

_ _

Note;: Mr. L. W. Mac Naught on has p o in te d  out to  the  w r i t e r  th a t
th e  ou tc rop p in g  beds mapped as  Jacks on  i n  T r i n i t y ,  Polk ,  and 
Ange l ina  Count ies  occupy a wider  b e l t  tha n  i s  normal  for  the  
J a c k so n  of  Texas.  The upper  pa r t  of  t h e s e  beds a r e  non-mar ine ,  
c o n t a i n  no d i a g n o s t i c  f o s s i l s ,  and may be e q u i v a l e n t  t o  th e  
T e x t u l a r i a  war reni  Beds.

These beds a r e  290 f e e t  t h i c k  in  the T idewater -Darby  Oi l  

Company No. 1 Sou thwes te rn  Lumber Company w e l l  which i s  29 .miles 

s o u t h  of  t h e  o u tc ro p  of t h e  C a ta h o u l a - J ac k s  on c o n t a c t ,  and they 

a r e  165 f e e t  t h i c k  in  th e  Marathon Oil  Company No. 1 J a s p e r  Lumber 

Company wel l  l o c a t e d  13 mi les  n o r t h  of  t h e  former w e l l .  Th is  g ives  

a n  ave ra ge  r a t e  of  t h i n n i n g  between t h e s e  two w e l l s  of  a p p rox i m a te ly  

9 . 5  f e e t  per  m i l e .  I f  t h i s  same r a t e  of  t h i n n i n g  c o n t in u e s  n o r t h ­

ward,  t h e n  t h e r e  should  be from 10 to  20 f e e t  o f  t h e s e  beds a t  th e  

o u t c r o p .  The r a t e  of  t h i n n i n g ,  however,  p robab ly  i n c r e a s e s  as the 

o u tc ro p  i s  approached ,  and t h e  beds may be e n t i r e l y  a b s e n t  t h e r e .

The p r o b a b i l i t y  i s  t h a t  t h e  i n n e r  l i m i t  of t h i s  body of  sediments  

i s  w i t h i n  f i v e  mi les  of  t h e  o u tc r o p .  Westward from here  i n  Live 

Oak County,  120 f e e t  of  Vicksburg s t r a t a  were r e p o r t e d  in  a w e l l  

15 miles  from the  o u tc ro p  o f  th e  F r i o - J a c k s  on c o n t a c t .  Exact  d a t a  

of  a s i m i l a r  n a t u r e  for  t h e  a r e a  southwest  of  Live Oak County a re  

no t  a v a i l a b l e  t o  th e  w r i t e r .  Reason to b e l i e v e  t h a t  t h e s e  b-eds do
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n o t  ex tend  as nea r  th e  ou tc rop  t h e r e  as  in  e a s t e r n  Texas,  however,  

i s  to be found in  th e  f a c t  t h a t  t h e  J a c k s o n  i n  s o u th w e s te rn  Texas 

i s  p roba b ly  non-mar ine ,  and s i n c e  th e  Vicksburg r e c o rd s  a y e t  

g r e a t e r  r e t r e a t  of th e  sea than  th e  J a c k s o n ,  the assumpt ion  i s  t h a t  

t h e  Vicksburg must be f a r t h e r  from t h e  Ja ck so n  ou tc rop  t h e r e  where 

th e  Upper Jack so n  a t  the  outc rop i s  non-mar ine  t h a n  in  e a s t e r n  

Texas where the Upper Ja ckso n  i s  a l i t t o r i a l  facies*.

In  the Westmoreland w e l l ,  southwes t  of Houston,  the  T e x t u l a r i a  

w ar re n i  Beds a r e  6?0 f e e t  t h i c k .  At F a i r b a n k s  the y  a r e  from 400 

t o  425 f e e t  t h i c k ,  and a t  Tomball t h e y  a r e  g e n e r a l l y  between 300 

and 400 f e e t  t h i c k .  As i n  the Ja ck so n ,  a l a r g e r  amount of  forma- 

t i o n a l  t h i c k e n i n g  occurs  i n  th e  a r e a  between the Westmoreland wel l  

and F a i r b an k s  t h a n  i n  t h e  a r e a  n o r t h  of  F a i r b a n k s .  The T e x t u l a r i a  

w a r r e n i  Beds t h i c k e n  a t  th e  r a t e  of  20 f e e t  per mile in  the  former 

a r e a ,  and i f  t h i s  r a t e  of  t h i c k e n i n g  c o n t i n u e s  sou thward ,  th e se  

beds a r e  1490 f e e t  t h i c k  a t  th e  p r e s e n t  day shore l ine*

Li tho logy*

The T e x t u l a r i a  war ren i  Beds a r e  composed of  s h a l e ,  sandy and 

s i l t y  s h a l e ,  and sa n d s to n e .  In the  n o r t h e r n  p a r t  of H a r r i s  County,  

Texas,  a p p ro x im a te l y  25 per cent  of the  beds a r e  s a nd s t on e  or 

sandy s h a l e  whereas in  t h e  s o u t h e r n  pa r t  of t h e  coun ty  th e y  a r e  10 

per  cent  sand s ton e  or sandy shale*

The s h a l e  v a r i e s  in  c o l o r  from d a r k  g ray t o  g r e e n i s h  g r ay ,  

and much of i t  i s  l i g n i t i c .  The washed r e s i d u e  of n e a r l y  a l l  the 

s h a l e  beds c o n t a i n s  a smal l  amount of  s i  I t  s to ne  f l a k e s .  The sand­

s t o n e s  a r e  q u a r t z o s e ,  and most of  t h e  g r a i n s  a re  c o l o r l e s s  a l t h o u g h
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some a r e  g r a y ,  b l u i s h  g r a y  o r  b l a c k .

C o n d i t i o n s  o f  Accumula t ion ,

The p r e s e n c e  o f  mar ine f o r a m i n i f e r a  and e c h i n o i d  p l a t e s  i n

tlle -Te x tu la r i a  war ren i  Beds shows c l e a r l y  t h a t  t h e s e  a r e  marine

d e p o s i t s .  In  the  lower  beds  where t h e  t y p i c a l  Vicksburg  f o s s i l s
1

a r e  p r e s e n t ,  E l l i s o r  found two d i s t i n c t  f a u n a s .  The o l d e r  o f  t h e s e

T. -------------------------------:-------------- ---------------
E l l i s o r ,  Alva C h r i s t i n e ,  l o c .  c i t . ,  p .  1324.

f au nas  i s  p r e s e n t  f a r t h e r  i n l a n d  t h a n  the younger ,  e s t a b l i s h i n g  

t h e  f a c t  t h a t  t h e s e  beds  were d e p o s i t e d  i n  a  r e t r e a t i n g  s e a .  I n  

n e a r l y  a l l  w e l l  s e c t i o n s ,  th e  uppe r  beds a r e  q u i t e  sandy w h i l e  the  

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

up per  p o r t i o n  i s  a  f a c i e s  n e a r e r  th e  sho re  l i n e  than  t h e  lower  p a r t .  

Th is  may a l s o  a c c o u n t  f o r  th e  s c a r c i t y  o f  f o r a m i n i f e r a  i n  th e  u p p e r  

b e d s .  A n e a r  shore  environment  may n o t  r e p r e s e n t  the  optimum of 

c o n d i t i o n s  f o r  Vicksburg  l i f e .

P a l e oge ogr aph y .

The sho re  l i n e  a t  the  b e g i n n in g  o f  t h i s  epoch was p ro b a b ly

w i t h i n  f i v e  m i l e s  of  the  p r e s e n t  o u t c ro p  o f  th e  C a ta h o u l a - Ja c k so n  .

c o n t a c t  i n  e a s t e r n  Texas .  Thi s  c o n c l u s i o n ,  ba s ed  on ev idence

a l r e a d y  g i v e n ,  r e s t s  on the  assumpt ion  t h a t  t h e r e  was no b e v e l i n g
2

o f  t h e s e  beds  b e f o r e  th e  d e p o s i t i o n  o f  younger  s t r a t a  , The s e a s  

_ _

Note:  See p .  88.

g r a d u a l l y  wi thdrew d u r in g  the e n t i r e  epoch.  The lower  F r i o  i n
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w e l l  s e c t i o n s  near  the modern shore  l i n e  i s  marine,  and i t  i s  

p robab l e  t h a t  th e  seas  which d e p o s i t e d  the  T e x t u l a r i a  war ren i  Beds 

d id  not withdraw as f a r  s ou th  as  t h e  p r e s e n t  shore  l i n e .  The 

shore  l i n e  a t  the c l o s e  of t h e  epoch was p rob ab ly  in the  c e n t r a l  

p a r t  of Matagorda,  B r a z o r i a ,  Ga lve s t on  and Chambers C o u n t ie s .

F r i o  F o rm a t io n .

A t h i c k  sequence  of c l a y s  and s a n d s t o n e s ,  which a r e  ashy  and 

c o n t i n e n t a l  a t  l e a s t  as  f a r  s o u t h  a s  Houston,  o v e r l i e s  the  

T e x t u l a r i a  war re n i  Beds in  Texas.  These beds a r e  known as  the 

F r i o  fo r m a t i o n .  The s t r a t a  mapped as  F r i o  at  the o u t c ro p  in  s o u th ­

west  Texas r e o r e s e n t  only th e  lowermost p o r t i o n  of t h e  F r io  as i t
x  x

i s  he re  d e f i n e d .  The r e s t  i s  ov er la p p ed  by the Ca tahou l a .  Some 

g e o l o g i s t s  p la ce  th e s e  beds in  t h e  Ca taho u la  fo rm a t i o n .  A s t a t e ­

ment of t h i s  problem t o g e t h e r  w i t h  th e  r e a s o n s  f o r  r e t a i n i n g  the 

F r i o  as  a s e p a r a t e ,  o ld e r  f o r m a t i o n  a r e  g i v e n  l a t e r .

Con tac t  w i th  th e  Su b -F orm at io n .

The na tu re  ox t h e  b a s a l  c o n t a c t  of t h e  F r io  in  e a s t e r n  Texas

i s  not  known s inc e  i t  i s  not known to  o u tc ro p  in t h i s  a r e a .  According 
1

t o  Plummer , the  F r i o  s t r a t a  l i e  conformably upon th e  F a y e t t e  in

_  . . .

Plummer, F. B . , l o c .  c i t . ,  p. 705.

so u th w e s te r n  Texas.  Some workers  i n  t h a t  a r e a ,  however,  have found 

l o c a l  a r e a s  where t h e  c o n t a c t  ap pea rs  to  be unconformable .  The 

p r o b a b i l i t y  i s  t h a t  no e x t e n s i v e  u n c o n fo rm i t y  marks t h e  b a s a l  con­

t a c t  of th e  Fr io  f o r m a t i o n .
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D i s t r i b u t i o n  and T h i c k n e s s .

The F r i o  f o r m a t i o n  i s  found i n  wel l  sec t ions  from t h e  Rio 

Grande River  t o  t h e  M i s s i s s i p p i  R i v e r .  I n  t h e  ou tc rop ,  however,  

i t  i s  no t  found e a s t  of  Karnes County,  Texas ,  s i n c e  the  Catahoula,  

comple te ly  o v e r l a p s  the  t r u n c a t e d  s u r f a c e  of t h e  F r io  i n  t h e  

c e n t r a l  and e a s t e r n  p a r t s  of  Texas.

The F r i o  i s  1300 f e e t  t h i c k  i n  n o r t h e r n  H a r r i s  County and i s  

1886 f e e t  t h i c k  in  the  Westmoreland w e l l  southwest  of Houston.  A 

wel l  l o c a t e d  7 mi les  west  of  S p i n d l e t o p ,  J e f f e r s o n  County,  d r i l l e d  

2075 f e e t  of  F r io  bed s .  The F r i o  i s  over  2000 f e e t  t h i c k  in  a 

w e l l  s e c t i o n  fou r  mi les  sou t h  of  Louise Oil  F i e l d  in  Jackson  County.  

In  Van Vleck F i e l d ,  Matagorda County,  one w e l l  s e c t i o n  had 4265 

f e e t  of  F r i o  s t r a t a .  This  i n d i c a t e s  t h a t  t h e  F r i o  must be over 

5000 f e e t  t h i c k  a t  t h e  p r e s e n t  sho re  l i n e .

L i t h o l o g y  and S t r u c t u r e .

The F r i o  f o r m a t i o n  i n  H a r r i s  County c o n s i s t s  of s t r a t a  of 

a shy  c l a y s ,  sandy and s i l t y  c l a y s ,  and ashy s a n d s t o n e s .  The sand­

s t o n e  c o n t e n t  v a r i e s  from L o u is ia n a  and e a s t e r n  Texas t c  s o u t h ­

w e s t e r n  Texas.  In the Che nn ey vi l l e  Oil  F i e l d ,  Rapides p a r i s h ,  

L o u i s i a n a ,  a t  l e a s t  25 per  cen t  of th e  f o rm a t i o n  i s  sand wh i le  in

H a r r i s  County,  Texas,  sand  ac counts  f o r  about  18 per  cen t  of a l l  
1

beds .  Plummer e s t i m a t e s  t h a t  the  F r i o  i s  95 per  cent  c l a y  a t  th e  

_

Plummer, F. B . ,  l o c .  c i t . ,  p.  706.  

ou t c ro p  i n  so u t h w e s t e r n  Texas.  The t h i c k n e s s  of  i n d i v i d u a l  sand
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beds v a r i e s  from a few inches  to  more tha n  100 f e e t .  A l l  sand 

bod ies  i n  the  u p - d i p  p o r t i o n  a r e  l e n s e s  of l i m i t e d  a r e a l  e x t e n t .

I t  i s  not uncommon to f in d  a 7 5 - f o o t  or  100- foot  sand bed p r e s e n t  

in one we l l  and e n t i r e l y  a b s e n t  in a w e l l  1000 f e e t  removed.

The F r i o  c l a y  in the e a s t e r n  and c e n t r a l  p a r t  of  the  Texas 

C o a s t a l  P l a i n  i s  c h a r a c t e r i s t i c a l l y  ashy  and l i g h t  g r e e n  in  c o l o r .  

Small amounts of r ed  and g r ay  c l a y  a r e  a l s o  found.  I n  t h e  lower 

200 or 300 f e e t  t h e r e  i s  a c o n s i d e r a b l e  amount of da rk  g r a y ,  • 

l i g n i t i c  s h a l e .  Well s e c t i o n s  in  Brooks County show t h a t  the  

c l ay  i s  l a r g e l y  r e d  in  c o l o r  in  t h a t  a r e a .  The sand g r a i n s  a r e  

a n g u l a r  to  su b a n g u la r  and o f t e n  have a g l a s s y  l u s t e r .  I n  the  

lower  p a r t  of th e  Fr io  a r e  two or t h r e e  zones of  " r i c e  sand".

The g r a i n s  in  t h e s e  zones a r e  c o a rs e  and  composed of milky q u a r t z .  

These r i c e  sands a r e  l e n t i c u l a r  and canno t  be used f o r  c o r r e l a t i o n  

p ur po se s .  In  Brooks county we l l  s e c t i o n s ,  t h e  sands a r e  found 

t o  be very f e l d s p a t h i c  but  t h i s  c h a r a c t e r i s t i c  i s  l i m i t e d  to  the  

s ou th w e s t e r n  p a r t  of t h e  Texas C o a s ta l  P l a i n .  I n  t h i s  same a r e a ,  

the F r i o  c o n t a i n s  l e s s  p y r o c l a s t i c  m a t e r i a l  and more c a l c a r e o u s  

m a t e r i a l  th a n  i s  found e l sew her e .

Co ndi t ions  of Accumulat ion.

The p r es e n ce  of l a r g e  amounts of  v o l c a n i c  a s h ,  the  l a ck  of 

p a r a l l e l  s t r u c t u r e s  i n  th e  c l a y s ,  th e  absence  o f  marine f o s s i l s  

and g l a u c o n i t e ,  and th e  l e n t i c u l a r i t y  of th e  sands i n d i c a t e  t h a t  

t h e  F r i o  was d e p o s i t e d  under  non-marine c o n d i t i o n s .

Wells d r i l l e d  near  th e  modern s h o r e ,  i n s o f a r  as  they have 

p e n e t r a t e d  the  F r i o ,  show t h a t  i t  i s  marine.  Here g l a u c o n i t e  and
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marine f o s s i l s  a r e  u n i v e r s a l l y  p r e s e n t  i n  t h e  Fr io* One w e l l  

l o c a t e d  in  th e  Old Ocean a r e a  of Matagorda County was d r i l l e d  

th rough  1600 f e e t  of  marine F r i o  s t r a t a .  The non-marine F r i o  in  

the a r e a s  along t h e  s t r i k e  of c e n t r a l  H a r r i s  County and in  the  

a r e a s  u p - d i p  from he r e  changes i n t o  a marine f a c i e s  sou thward .

The a r k o s i c  c h a r a c t e r  of t h e  sands and th e  d e a r t h  o f  pyro-  

c l a s t i c  m a t e r i a l  i n  the  F r io  of  so u th w e s t e r n  Texas i n d i c a t e s  a 

d i f f e r e n t  source  of the  sediment  t h e r e  th a n  i n  s o u t h c e n t r a l  and 

s o u t h e a s t e r n  Texas where the  F r io  sands a re  n o n - a r k o s i c  and pyro-  

c l a s t i c  m a t e r i a l  i s  abundan t .  The F r io  of  so u t hw e s t e r n  Texas was 

d e p o s i t e d  by e a s t - f l o w i n g  s t r e a m s ,  and th e  so ur ce  must have been 

the  ou tc rop  of igneous  ro ck s ,  as  w e l l  as l imestone and s h a l e ,  in  

Mexico. This r e g i o n  was sou th  of  t h e  main a r e a  of v o l c a n i c  a c t i v i t y  

and r e c e i v e d  only  a smal l  amount of  ashy m a t e r i a l .  The F r i o  o f  th e  

c e n t r a l  and e a s t e r n  p a r t s  of  t h e  Texas C o a s ta l  p l a i n  was d e p o s i t e d  

by so u th - f lo w in g  s t r e a m s .  The source  of t h e  sediment  was in  a 

r e g i o n  toward th e  n o r t h  which was r e c e i v i n g  p y r o c l a s t i c  m a t e r i a l  

s i n c e  th e  vo lcan ic  c e n t e r s  were in  th e  b e l t  of w e s t e r l y  winds .

The F r io  of  the  c e n t r a l  and e a s t e r n  p a r t s  o f  the Texas C o a s t a l  

p l a i n  has ,  t h e r e f o r e ,  much reworked p y r o c l a s t i c  m a t e r i a l ,  and i t  

a l s o  has some th a t  was d e p o s i t e d  d i r e c t l y  in  the beds.  S ince  the  

source  a r e a  f o r  t h i s  p a r t  of  th e  F r i o  had only sed imenta ry  rocks 

o u tc ro p p in g ,  the  sands  a r e  q u a r t z o s e .

Paleogeography.

Marine d e p o s i t i o n  con t inued  th roughout  a l l  of  F r i o  time in  the  

r e g i o n  of  th e  p r e s e n t  shore l i n e .  The F r io  seas  g r a d u a l l y  moved 

i n l a n d  and by the  c l o s e  of th e  epoch the  shore l i n e  was somewhere
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between the  H a r r i s  County-Galves ton  County l i n e  and the  p a r a l l e l  

o f  Houston ( F ig .  4 ) .  S e v e r a l  f o s s i l  zones  have been r e p o r t e d  in  

the upper  300 f e e t  of  F r i o  a t  H a s t i n g s  F i e l d  i n  n o r t h e r n  B r a z o r i a  

County.  On t h e  o t h e r  hand,  t h e  F r i o  in  the  Amerada Pe t ro leum 

C o r p o r a t i o n ' s  No. 1 M e l l i e  Esperson  w e l l ,  l o c a t e d  i n  the  Deer 

pa r k  a r e a  9 mi les  e a s t  of Houston,  c o n t a i n e d  a s h  beds and abundant  

p l a n t  remains bu t  no marine f o s s i l s .  The shore  l i n e  a t  the  c l o s e  

of F r io  time must ,  t h e r e f o r e ,  have been between t h e s e  two a r e a s*

The F r i o - C a t a h o u l a  Problem*

The age of t h e  F r i o  and the  c o r r e l a t i o n  of  the  s u b s u r f a c e  

F r i o  wi th  o u t c r o p p i n g  beds a re  in q u e s t i o n  and a s u b j e c t  of  con­

t r o v e r s y  among Gulf  Coast  g e o l o g i s t s .

The F r i o  i s  o v e r l a i n  by a mar ine wedge i n  an  a r e a  e x t en d in g  

i n l a n d  from th e  p r e s e n t  shore  l i n e  a pp rox im a te l y  80 m i l es  i n  

e a s t e r n  Texas ana c o n s i d e r a b l y  l e s s  t h a n  80 mi les  i n  s o u t hw e s t e r n  

Texas.  The marine wedge i s  d i v i d e d  i n t o  t h e  H a r g i n u l i n a , Het e r -  

o s t e g i n a , and D i s c o r b i s  zo nes .  Above th e  marine wedge i s  a sequence 

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

C a t a h o u l a .  The s u r f a c e  Ca tahou la  a l s o  i s  composed of  p y r o c l a s t i c  

and  f l u v i a t i l e  s e d i m e n t s .  I t  r e s t s  unconformably upon the  Ja ckson  

i n  t h e  c e n t r a l  and e a s t e r n  p a r t s  of  the  Texas C o a s t a l  p l a i n  and 

unconformably upon the  F r i o  i n  s o u t h w e s t e r n  Texas.

In  a t t e m p t i n g  to  c o r r e l a t e  th e  s u b s u r f a c e  beds f rom the  base 

of the  F r i o  to t h e  xop o f  th e  C a ta hou l a  w i t h  ou tc ro p p in g  beds ,  

t h r e e  p o s s i b i l i t i e s  a r i s e .

F i r s t ,  the  s u r f a c e  Ca tahoula  may be the  e q u i v a l e n t  of  the
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s u b s u r f a c e  F r i o  making t h e  s u b s u r f a c e  Ca tahou la  the  e q u i v a l e n t  of 

the lower p a r t  of  th e  s u r f a c e  Fleming.-

Second,  t h e  s u r f a c e  Ca taho u la  may be c o r r e l a t e d  wi th  a l l  the  

beds between  the  base  of t h e  s u b s u r f a c e  F r i o  and the  t o p  o f  the  

s u b s u r f a c e  Catahoula*.

T h i r d ,  the  s u r f a c e  Ca tahou la  may be the  e q u i v a l e n t  of the  

s u b s u r f a c e  Ca tahoula  -  t h e  p y r o c l a s t i c  d e p o s i t s  above t h e  marine 

wedge -  i n  which ca se  t h e  t r u n c a t e d  s u r f a c e  of  t h e  F r i o  would be 

co m ple t e ly  over lapped  by the  Ca tahou la  i n  t h e  e a s t e r n  and c e n t r a l  

p a r t s  of t h e  Texas C o a s t a l  p l a i n  and p a r t l y  o v e r l a p p e d  by the  

Ca tahou la  i n  s o u th w e s te r n  Texas.

S u f f i c i e n t  e v i de nce  i s  now a v a i l a b l e  to  e l i m i n a t e  the  f i r s t  

p o s s i b i l i t y .  Dip s e c t i o n s  in  San P a t r i c i o ,  Bee,  and Live Oak 

C ou n t i es  show t h a t  the  c l e a r l y  d i s c e r n i b l e  Ca tahou la-Fleming 

c o n t a c t  i n  wel l  s e c t i o n s  can  be t r a c e d  u p - d i p  and i s  found to 

come out a t  the  s u r f a c e  e x a c t l y  where the  Ca tahou la -F leming  

( C a t a h o u l a - O a k v i l l e )  c o n t a c t  has been mapped a t  t h e  s u r f a c e .  The 

wel l  s e c t i o n s  a r e  s u f f i c i e n t l y  c l o s e  t o g e t h e r  and the co n t a c t  

s u f f i c i e n t l y  c l e a r  t o  make the  t r a c i n g  o f  t h i s  c o n t a c t  from s u b ­

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

C a t ahou l a  canno t ,  t h e r e f o r e ,  be c o r r e l a t e d  wi th  t h e  lower p a r t  

o f  the  s u r f a c e  Fleming,  e l i m i n a t i n g  the  c o r r e l a t i o n  of  the  s u r f a c e  

Ca tahou la  i n  t o t o  wi th t h e  s u b s u r f a c e  Fr io*

Another  f a c t  u n f a v o r a b l e  to the  f i r s t  p o s s i b i l i t y  i s  made 

c l e a r  by p r o j e c t i n g  toward t h e  outc rop  t h e  obse rved  r a t e  of t h i n n i n g  

of th e  s u b s u r f a c e  Ca tahou la  and F r i o  i n  th e  a r e a  where th e  marine
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wedge i s  p r e s e n t  t o  see  which s e r i e s  of beds has a t h i c k n e s s  more 

c o n s i s t e n t  w i t h  th e  obse rved  t h i c k n e s s  of  the  Ca tahou l a  a t  t h e  

o u t c r o p  ( F i g .  5 ) .  The Ca tahou la  i s  from 200 t o  300 f e e t  t h i c k  

a t  the  ou tc rop  n o r t h  and nor thwes t  of H a r r i s  County.  I t  t h ic k e n s  

t o  about  600 f e e t  e a s t  of here and from 800 t o  1000 f e e t  s ou t h ­

west of t h i s  a r e a .  The p r o b a b i l i t y  i s  t h a t  600 f e e t  r e p r e s e n t s  

the  t r u e  t h i c k n e s s  of the Ca tahoula  i n  t h e  f i r s t  a r e a  ment ioned 

because  t h e r e  i s  an uncon fo rmi ty  a t  t h e  top  of t h e  C a ta h o u l a  and 

the Fleming seems to o v e r l a p  th e  Ca tahou la  i n  t h i s  a r e a .  How­

ev e r ,  t h i s  does not a p p e a r  to  be c r i t i c a l  s i n c e  th e  p r o j e c t e d  

t h i c k n e s s e s  do not i n d i c a t e  t h a t  the  s u b s u r f a c e  F r i o  i s  t h e  

e q u i v a l e n t  of  the Ca tahou la  whe ther  a t h i c k n e s s  of 200 or  600 

f e e t  i s  us ed  f o r  t h e  l a t t e r  f o rm a t i o n .

In s e l e c t i n g  the  a r e a  to  make the p r o j e c t i o n s ,  w e l l  s e c t i o n s  

should  be found which a r e  as  n e a r  t o  the  in n e r  l i m i t  of  t h e  marine 

wedge as  p o s s i b l e  s i n c e  t h i s  w i l l  p e r m i t  an u n q u e s t i o n a b l e  d e t e r ­

m i n a t i o n  o f  the  c o n t a c t s  of th e  f o rm a t i o n s  and a t  th e  same time be 

n ea r  th e  ou tc rop thus  r ed u c i n g  t h e  margin of  e r r o r  by l i m i t i n g  as 

much a s  p o s s i b l e  the a r e a  over which the p r o j e c t i o n s  a r e  t o  be 

ex ten ded .  The down-dip w e l l  should  be l o c a t e d  f a r  enough s o u th  

t o  show a marked change i n  t h i c k n e s s ,  i f  th e  f o rm a t i o n  does 

t h i c k e n  gu l f war d ,  and a t  th e  same t ime a s e c t i o n  sh o u ld  not be 

used a l o n g  the s t r i k e  of  so u t h e r n  H a r r i s  County and n o r t h e r n  B ra z o r i a  

County because  he re  the r a t e  of t h i c k e n i n g  i n c r e a s e s  g r e a t l y .  The 

most n o r t h e r l y  wel l  s e c t i o n  w i t h  th e  marine zone p r e s e n t  t h a t  could  

be found i n  e a s t e r n  Texas i s  l o c a t e d  i n  s o u t h e r n  Montgomery County
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j u s t  n o r t h  of  Tomball Oi l  F i e l d .  The marine zone i s  only 40 f e e t  

t h i c k  i n  t h i s  we l l  s e c t i o n  and t h e  F r i o  i s  1300 f e e t  t h i c k .  In 

a w e l l  s e c t i o n  19 mi l es  s o u t h  of  he re  the  Fr i o  i s  1460 f e e t  t h i c k .  

This  i s  a t h i n n i n g  of S . 4 f e e t  p e r  m i l e .  I f  t h i s  r a t e  of  t h i n n i n g  

i s  p r o j e c t e d  t o  the  ou tc rop ,  t h e  F r i o  shou ld  be 1025 f e e t  t h i c k .  

Nowhere i n  e a s t e r n  and c e n t r a l  Texas i s  t h e r e  such a g r e a t  t h i c k ­

ness of  C a t aho u l a  beds .  On the  o t h e r  hand,  the  s t r a t a  c o n t a i n i n g  

p j r r o c l a s t i c  m a t e r i a l  above th e  marine zone i s  620 f e e t  t h i c k  i n  

the f i r s t  we l l  ment ioned and 500 f e e t  t h i c k  i n  the  w e l l  t o  t h e  

s o u t h .  Samples were t a k e n  only  a t  2 0 - f o o t  i n t e r v a l s  i n  t h e s e  

w e l l s  so t h a t  t h e r e  i s  a l i m i t  of  e r r o r  from 20 t o  40 f e e t  i n  t h e  

r e c o r d e d  t h i c k n e s s e s  of t h e s e  f o r m a t i o n s .  The Ca tahou la  seems to  

be t h e  only  f o rm a t i o n  i n  e a s t e r n  Texas which does not  t h i c k e n  

gu l fw a rd .  The t h i c k n e s s  of the  beds c a r r y i n g  a s h  and t u f f  above 

t h e  marine zone i n  t h e s e  w e l l s  i s  much more c o n s i s t e n t  with th e

t h i c k n e s s  of t h e  Ca tahoula  i n  e a s t e r n  Texas a t  th e  ou tc rop where
1

i t  i s  from 300 to 600 f e e t  a c c o r d i n g  to  Plummer »

_

Plummer, F. B . , l o c .  c i t . ,  p.  714.

The C a t a h o u l a - F r i o  problem i s  thu s  reduced to the  two a l t e r n a ­

t i v e s  shown i n  F ig .  6.  E i t h e r  th e  s u r f a c e  Ca tahoula  i s  e q u i v a l e n t  

to  a l l  s u b s u r f a c e  beds from the  base of th e  F r i o  to  t h e  to p  of  th e  

p y r o c l a s t i c  d e p o s i t s  above th e  marine wedge or  i t  i s  the e q u i v a l e n t  

only to  t h e  p y r o c l a s t i c  beds above the marine wedge i . e .  the  sub­

s u r f a c e  C a t a h o u l a .  F o r t u n a t e l y ,  c r i t i c a l  ev idence i s  t o  be found 

in  t h e  l i t h o l o g y  of  t h e  d e p o s i t s  in q u e s t i o n .
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SHOWING ALTERNATIVE CORRELATIONS OF SUBSURFACE SECTION
WITH SURFACE CATAHOULA

/ I . Correlation o f  outcropping Catahoula with subsurface gyroclastics below Marine Wedge, 
Marine Wedge, and gyroclastics above Marine Wedge.

Jj. Corrclat ion o f  outcropping Catahoula with subsurface gyroclastics above Marine Wedge

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



5 9

The amount of  p y r o c l a s t i c  m a t e r i a l  i n c r e a s e s  g r e a t l y  toward

the  southwest  in  t h e  s u r f a c e  Ca tahou la  but i t  d e c r e a s e s  g r e a t l y
1

toward th e  sou thwest  in  the s u b s u r f a c e  Frio* Flummer s t a t e s  t h a t  

_ _

Flummer, F. B . , l o c .  c i t .  , p. 720#

i n  the  s u r f a c e  C a t aho u l a  " p y r o c l a s t i c  m a t e r i a l s  p redomina te  in  th e  

s o u t h  Texas a r e a .  B oul der s ,  p e b b l e s ,  and chunks of  l a v a ,  porphry,  

and pumice a r e  common i n  McMullen, Duval ,  and S t a r r  Count ies*"

He b e l i e v e s  t h a t  some of the  c r a t e r s  "were l o c a t e d  i n  or nea r  the  

s o u t h w e s t e r n  p a r t  of the  s t a t e  bec au se  in  s o u t h  Texas the  v o lc a n ic  

m a t e r i a l  i s  t h i c k e s t  and c o a r s e s t 11.

The s u b s u r f a c e  F r i o  on the o t h e r  hand,  c o n t a i n s  very l i t t l e  

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

m a t e r i a l  t h a t  i s  p r e s e n t  i s  f i n e .  I t  seems im p o s s ib le  t h a t  such 

a change in  the  amount and t e x t u r e  of t h i s  m a t e r i a l  could t ake  

p lace  i n  the few miles between t h e  o u tc ro p  and w e l l  s e c t i o n s  down- 

d i p .  So u th wes te rn  Texas th u s  a pp e ar s  to  have been remote  from 

v o lc a n ic  c r a t e r s  d u r i n g  t h e  t ime of  the  d e p o s i t i o n  of s u b s u r f a c e  

F r i o  beds and ne a r  th e  c r a t e r s  d u r i n g  t h e  t ime of  d e p o s i t i o n  of 

th e  s u r f a c e  Ca tahoula  beds .  The s u b s u r f a c e  F r i o  cannot t h e r e f o r e  

be contemporaneous w i t h  any p a r t  of  th e  s u r f a c e  C a ta h o u l a .

The absence of any consp icuous  i n t r a f o r m a t i o n a l  h i a t u s  i n  th e  

Ca tahou la  t h a t  co u ld  be contemporaneous 'with the  r e t r e a t  of th e  

sea d u r i n g  l a t e  He t er os t  eg ina and Disc o r b i s  t ime s u g g e s t s  t h a t  the 

Ca tahou la  i s  p o s t - D i s c o r b i s . An u p l i f t  s u f f i c i e n t  to  cause t h e  sea 

t o  r e t r e a t  n e a r l y  65 mi les  would p r obab ly  cause  such an i n t e r r u p ­
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t ion  i n  s e d i m e n t a t i o n  a t  th e  s i t e  of the  p r e s e n t  o u t c ro p  t h a t  a 

consp icuous  h i a t u s  would now be v i s i b l e  i n  th e  exposed sec t ion . -  

I f  the  F r i o  and th e  marine wedge were Ca tahou la  i n  age then the  

h i a t u s  would be w i t h i n  the o u t c ro p p i n g  C a t a h o u l a .  No such h i a t u s  

i s  found in  th e  C a ta hou l a ,  but  a major  unc onformi ty  i s  found a t  

i t s  b ase .  The most p ro b ab le  a s su m pt io n  i s  t h a t  th e  same u p l i f t  

t h a t  caused  th e  f o rm a t i o n  of  t h i s  b a s a l  unc on fo rm i ty  caused th e  

s e a s  t o  r e t r e a t  d ur in g  l a t e  H e t e r o s t e g i n a  and D i s c o r b i s  t ime.  I f  

t h i s  i s  t r u e ,  t h e n  t h e  s u r f a c e  Ca tahou la  i s  t h e  e q u i v a l e n t  t o  th e  

p y r o c l a s t i c  s t r a t a  above th e  Disc o r b i s  zone in  t h e  s u b s u r f a c e  

s ec t i o n .

The known f a c t s  thus  i n d i c a t e  t h a t  th e  F r i o  i s  o l d e r  th a n  the 

C a ta hou l a .  Observed c o n d i t i o n s  a r e  b e s t  e x p l a i n e d  w i t h  t h e  idea  

t h a t  th e  Ca tahou la  c o m p le t e ly  o v e r l a p s  th e  t r u n c a t e d  s u r f a c e  of 

the  F r i o  i n  c e n t r a l  and s o u t h e a s t e r n  Texas and p a r t i a l l y  o ve r la ps  

i t  i n  s o u t h w e s t e r n  Texas.  Only i n  t h i s  way can  t h e  r a d i c a l  

d i f f e r e n c e  in  the d i s t r i b u t i o n  of p y r o c l a s t i c  m a t e r i a l  i n  the  

s u r f a c e  Ca taho u la  and th e  s u b s u r f a c e  F r i o  be e x p l a i n e d .  L ikewise ,  

t h i s  i s  the  on ly  c o r r e l a t i o n  t h a t  w i l l  g i v e  a major  h i a t u s  u p - d i p  

to  co r r es p o n d  t o  th e  r e t r e a t  of  th e  H e t e r o s t e g i n a - D i s c o r b i s  sea* 

The w r i t e r ,  t h e r e f o r e ,  c o r r e l a t e s  the  s u r f a c e  C a t aho u l a  wi th  t h e  

p y r o c l a s t i c  d e p o s i t s  above t h e  marine wedge and r e t a i n s  the F r i o  

a s  a s e p a r a t e  f o rm a t i o n  o l d e r  t h a n  the  Catahoula*

The p r es e n t  d i f f i c u l t y  i n  u n d e r s t a n d i n g  the s t r a t i g r a p h i c  

r e l a t i o n s h i p  o f  the  F r i o  a r i s e s  i n  p a r t  from th e  f a c t  t h a t  th e  

c l a s s i f i c a t i o n  of th e  beds i n  t h i s  p a r t  of t h e  s e c t i o n  was based 

on d a t a  from w e l l  s e c t i o n s  l o c a t e d  some d i s t a n c e  i n l a n d  where the 

F r i o  i s  c o n t i n e n t a l .  These w e l l s  went th r o u g h  the  c o n t i n e n t a l
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Ca taho u la  th e n  th rough  th e  marine wedge and in to  th e  c o n t i n e n t a l  

F r i o .  The M a rg in u l in a  zone was d e f i n e d  a s  those  beds above the  

non-marine s t r a t a  as  h i g h  in  th e  s e c t i o n  as  Ma rg inu l ina  sp.  i s  

found.  Now t h a t  deep w e l l s  have been d r i l l e d  near  th e  shore where 

the  F r i o  i s  a l l  mar ine ,  i t  i s  not  s u r p r i s i n g  t h a t  f o s s i l s  t y p i c a l  

of  the  M a rg in u l in a  zone a r e  found i n  beds o ld e r  t h a n  the  lowest  

M arg in u l in a  beds i n l a n d .  I n  o th e r  words ,  th e  lower l i m i t  of the 

fauna of  t h e  Marg inu l ina  zone in a r e a s  f a r t h e r  i n l a n d  was d e t e r ­

mined by th e  geogr aph ic  c o n d i t i o n s  of t h e  t imes  r a t h e r  th a n  by 

the d i s t r i b u t i o n  o f  t h i s  s p e c i e s  i n  t i m e .  Al though i t  i s  t r ue  

t h a t  some M ar g in u l in a  zone f o s s i l s  a r e  found in  w e l l s  l o c a t e d  

n ea r  the  modern shore  l i n e  in  beds t h a t  g r ad e  u p - d i p  i n t o  t h e  

upper p a r t  of  t h e  c o n t i n e n t a l  F r i o ,  i t  i s  not  c o r r e c t  to  c a l l  the  

e n t i r e  F r i o  th e  c o n t i n e n t a l  e q u i v a l e n t  of the  Marg inu l ina  zone as  

t h a t  zone has p r e v i o u s l y  been d e f in e d .  The c o r r e c t  approach t o  

t h i s  problem i s  t o  s tu d y  the deep w e l l  s e c t i o n s  a l ong  the c o a s t ,  

where a l l  t h e  beds  a r e  mar ine ,  and t o  c o r r e l a t e  the  s e v e r a l  s t r a t i -  

g ra ph ic  u n i t s  t h e r e  wi th  the  marine ty pe  s e c t i o n s  e l sewhere .  U n t i l  

a d e f i n i t i o n  of  th e  Marg inu l ina  zone i s  made t h a t  i s  a p p l i c a b l e  

both  u p - d i p  and aown-dip,  i t  i s  u s e l e s s  to a t t em pt  to say how much 

of  t h e  F r i o  i s  the  e q u i v a l e n t  of th e  Lower Het e r o s t  egina and 

M a rg in u l i na  zones .  That th e  e n t i r e  F r i o  w i l l  be found to  be the  

e q u i v a l e n t  of th e  Marg inu l ina  zone,  a s  t h a t  l a t t e r  term i s  now 

g e n e r a l l y  u se d ,  i s  h i g h l y  improbable .  The l o g i c a l  view t o  take  

of  t h e s e  non-marine beds between th e  T e x t u l a r i a  war re n i  Beds and 

t h e  Ma rg inu l i na  zone i s  t h a t  the  uppermost  p a r t  i s  th e  non-marine 

e q u i v a l e n t  of the  Lower Het er ost  eg i na  zone and the  Marg inu l ina  

zone and t h a t  th e  lowermost p a r t  i s  t h e  non-mar ine e q u i v a l e n t  of

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



6 2

the  T e x t u l a r i a  war ren i  Beds which were d e p o s i t e d  i n  a r e t r e a t i n g  

s e a .  A p o s s i b l e  e x c e p t i o n  to the  l a t t e r  i s  th e  p o s s i b i l i t y  of  an 

h i a t u s  in  t h e  s e c t i o n  u p - d ip  which i s  contemporaneous wi th  th e  

T e x t u l a r i a  war ren i  Beds.  J u s t  how much i s  l e f t  a f t e r  t h e  e q u i v a ­

l e n t s  of  the o v e r l y i n g  and u n d e r ly in g  marine beds have been t ake n  

away i s  not y e t  known, but i t  p robab ly  r e p r e s e n t s  th e  g r e a t e r  p a r t  

of the e n t i r e  non-mar ine  zone,  and t h i s  p o r t i o n  must be c o n s i d e r e d  

a s e p a r a t e  f o rm a t i o n .  I t  i s  c o n v e n i e n t ,  though a d m i t t e d l y  a r b i t r a r y ,  

fo r  p r a c t i c a l  working purposes  i n  th e  i n l a n d  a r e a s  t o  extend the  

l i m i t s  of the  F r i o  f o r m a t i o n  to in c lu d e  a l l  the  c o n t i n e n t a l  d e p o s i t s  

between the  marine wedge and t h e  T e x t u l a r i a  w a r r e n i  Beds.  While 

t h i s  may be a c c e p t a b l e  as a working d e f i n i t i o n ,  one should not 

l o s e  s i g h t  of t h e  time r e l a t i o n s h i p s  of t h e  upper  and lower p a r t s  

o f  t h i s  zone.

S ince  t h e  s t r a t a  mapped a s  F r i o  a t  th e  s u r f a c e  in  s o u th w e s te rn  

Texas r e p r e s e n t  only the  lower p a r t  of the  e n t i r e  f o rm a t i o n ,  t h e  

remainder  be ing  over lappe d ,  i t  i s  p r o b a b le  th a t  p a r t  or a l l  of 

t h e s e  beds a t  t h e  ou tc rop  a r e  the c o n t i n e n t a l  e q u i v a l e n t  of the  

T e x t u l a r  ia  w ar ren i  Beds down-dip.  The key to  t h i s  problem i s  in 

the p r esence  o r  absence  of  an h i a t u s  a t  t h e  base  o f  th e  s u r f a c e  

Fr io .

Miocene S e r i e s *
Marine Lower Miocene or  T r a n s i t i o n  Beds.

E x te n s iv e  d r i l l i n g  o p e r a t i o n s  in  t h e  Gulf Coast  have r e v e a l e d  

the e x i s t e n c e  of a wedge of marine sa n d s t o n es  and s h a l e s  between 

the F r i o  and Ca tahou la  fo rm a t i o n s ,  which i s  e n t i r e l y  absen t  i n  th e
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o u t c r o p .  These beds have been p l a c e d  i n  the Ol igocene  by most 

o f  th e  w r i t e r s  on Gulf  Coast  s t r a t  igraphjr  due to  c e r t a i n  Ol igocene 

a f f i n i t i e s  in  the  f au n a .  E e c e n t l y ,  however,  many Gulf  Coast  

p a l e o n t o l o g i s t s  have r ec ogn i ze d  unm is taka b l e  Miocene a f f i n i t i e s  

i n  the  fauna of t h e s e  beds .  Of t h e s e  two main f a u n a l  c h a r a c t e r ­

i s t i c s ,  namely,  t h e  c a r r y i n g  over  of  t y p i c a l  Ol igocene forms and 

'the i n f l u x  of t y p i c a l  Miocene forms ,  the  l a t t e r  i s  t h e  more s i g n i ­

f i c a n t  a s  f a r  as  age d e t e r m i n a t i o n  i s  concern ed ,  and t h e s e  beds 

shou ld  t h e r e f o r e  be t aken  out of the  Ol igocene.

This does not  n e c e s s a r i l y  mean t h a t  they  can be c o r r e l a t e d  

wi th  any known s u r f a c e  f o r m a t i o n  of lower Miocene a g e .  A t t e n t i o n  

shou ld  be d i r e c t e d  to  t h e  f a c t  t h a t  th e s e  a r e  s u b s u r f a c e  s t r a t a  

whi le  the  type s e c t i o n s  d e s c r i b e d  i n  the l i t e r a t u r e  on the  T e r t i a r y  

a r e  a l l  ou t c ropp i ng  d e p o s i t s .  I t  i s  a l t o g e t h e r  p o s s i b l e  t h a t  t h e s e  

s u b s u r f a c e  s t r a t a  a r e  not  t h e  e q u i v a l e n t  of any d e s c r i b e d  ou t c ropp i ng  

forma'ii ion .  F u r t h e r  c r ede nce  i s  a t t a c h e d  to t h i s  i d e a  by t h e  f a c t  

t h a t  a major unconformi ty  marks the  Miocene-Ol igocene c o n t a c t  a t  

the  ou tc rop  i n  Texas.  This opens up the  p o s s i b i l i t y  t h a t  t h e s e  

s t r a t a  a r e  n e i t h e r  t y p i c a l l y  Ol igocene nor  Miocene a s  th o se  terms 

have been used i n  s u r f a c e  s t u d i e s ,  bu t  a r e  t r a n s i t i o n a l  in  age ,  

be ing  d e p o s i t e d  i n  p a r t  whi le  the  h i a t u s  was be ing  formed in  the 

r e g i o n  now occup ied by th e  o u t c ro p .  In  t h i s  c a s e ,  t h e y  would be 

Miocene i n  age but  o ld e r  t h a n  the Ca taho u l a ,  the o l d e s t  ou tc ro pp ing  

Miocene f o rm a t i o n  i n  the  Gulf  C o a s t .

The key t o  the  s o l u t i o n  of  t h i s  problem i s  th e  d e t e r m i n a t i o n  

of  th e  s u b s u r f a c e  e q u i v a l e n t  of the  ou tc ropp in g  C a t a h o u l a .  I f  the  

p y r o c l a s t i c  d e p o s i t s  above t h e  marine wedge a r e  th e  t ime e q u i v a l e n t
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of  the  C a ta ho u l a ,  t h e n  t h a t  p a r t  o f  the  marine wedge which was 

d e p o s i t e d  i n  a r e t r e a t i n g  se a  i s  contemporaneous w i th  t h e  h i a t u s  

a t  uhe base of t h e  C a ta hou l a  and is  t r a n s i t i o n a l  between th e  o u t ­

c ropp ing  Oligocene and Miocene.

Under the  d i s c u s s i o n  of  t h e  F r i o ,  ev idence  was p r e s e n t e d  which 

seems to  i n d i c a t e  t h e  e q u i v a le n c y  between th e  Ca tahou la  and th e  

p y r o c l a s t i c s  above t h e  marine wedge.  I t  i s  t h e r e f o r e  c o n s e r v a t i v e  

t o  say  t h a t  t h e s e  f a c t s  j u s t i f y  a s e r i o u s  c o n s i d e r a t i o n  of  the  

id e a  t h a t  the  upper  p a r t  of th e  marine wedge i s  contemporaneous 

wi th  the  h i a t u s  a t  t h e  base of t h e  Ca tahoula  and t h a t  the  marine 

wedge i s  t r u l y  a t r a n s i t i o n  be tween t h e  o u tc ro pp i ng  Ol igocene  and 

Mi oc ene .

F o s s i l  Zones*

The marine wedge has been d i v i d e d  i n t o  t h r e e  w i d e l y - r e c o g n i z e d  

f o s s i l  zo ne s .  From t h e  o l d e s t  to  th e  youngest  t h e s e  a r e  th e  

M a rg in u l in a  zone,  the  H e t e r o s t e g i n a  zone,  and the D i s c o r b i s  zone .  

The index f o s s i l s  f o r  t h e s e  a r e  Ma rg in u l in a  c f .  M. p h i l i p p i n e n s i s  

Cushman, H e t e r o s t e g i n a  c f .  H. a n t i l l e a  Cushman, and D i s c o r b i s  cf*

D. v i l a rd e b o a n a  d 'O rb ig ny  r e s p e c t i v e l y .

The to p  of t h e  Het er os t  eg in a  zone i s  perhaps  the b e s t  datum 

above the  McElroy f o r  s t r u c t u r a l  c o n t o u r i n g .  I t  ex tend s  a con­

s i d e r a b l e  d i s t a n c e  i n l a n d ,  a p p e a r s  t o  come in  a t  a very  c o n s i s t e n t  

s t r a t i g r a p h i c  l e v e l ,  and i t s  f auna  i s  e a s i l y  r e c o g n i z e d .  The 

only  d i f f i c u l t y  in mapping on t h i s  zone i s  the  absence  of a l i t h -  

o log ic  change a t  i t s  top making i m p o s s i b l e  i t s  r e c o g n i t i o n  i n  

Schlumberger  l o g s .
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Thickne ss  and D i s t r i b u t i o n .

The t h i c k n e s s  of t h i s  f o r m a t i o n  v a r i e s  from 0 f e e t  in  so u th e rn  

Montgomery County,  where i t  wedges ou t ,  to 3395 f e e t  i n  s o u t h e rn  

G a l v e s t o n  County.  At Tomball  t h e s e  beds a re  40 f e e t  t h i c k ,  a t  

F a i r b a n k s  320 f e e t  t h i c k ,  i n  th e  H i l l  and H i l l  No. 1 Wharton w e l l  

340 f e e t  t h i c k ,  and in  s o u t h e r n  H a r r i s  County and n o r t h e r n  B ra z o r i a  

County the y  a r e  850 f e e t  t h i c k .  In t h e  S h e l l  Pet roleum C o r p o r a t i o n ’s 

No. 1 Maco S tewar t  wel l  l o c a t e d  i n  s o u t h e r n  G a lves ton  County,  t h i s  

wedge has a t h i c k n e s s  of  3395 f e e t .

These beds have a wide a r e a l  d i s t r i b u t i o n .  They occupy a 

b e l t  f rom M i s s i s s i p p i  to s o u t h w e s t e r n  Texas.  The marine wedge does 

no t  ap p e a r  at  t h e  s u r f a c e ,  but i s  found only in  w e l l  s e c t i o n s .

L i t h o l o g y .

S h a l e s ,  sa n d s ,  and l o c a l l y ,  l imes ton e  l e n t i l s  make up the 

marine wedge. The r e l a t i v e  amount of  sand v a r i e s  l o c a l l y .  At 

F a i rbank s  th e  f o r m a t i o n  i s  31 per cent  sand,  southwest  o f  Houston 

i t  i s  10 per cen t  sand,  and in  n o r t h e r n  B r a z o r i a  County th e  forma­

t i o n  i s  b a r r e n  of  sand excep t  in  i t s  extreme upper  and lower p a r t s .  

From V i c t o r i a  County,  Texas ,  southwestward and i n  L o u i s i a n a ,  the 

c e n t r a l  and lower p a r t s  of t h i s  zone a r e  s u f f i c i e n t l y  sandy to 

p rov id e  an o i l  r e s e r v o i r .

Limestone bodies  a r e  found in  the Het e r o s t e g i n a  zone and 

ap pe ar  t o  be r e e f s  d e p o s i t e d  on l o c a l  submarine e l e v a t i o n s  whi le  

the  sea  had r ea ched  i t s  maximum of in v a s io n .  They a r e  now most 

commonly found around s a l t  domes l o c a t e d  r e l a t i v e l y  near  t h e  modern 

shore  l i n e .  A wel l  d r i l l e d  on th e  f l a n k  of S t r a t t o n  Bidge Dome i n
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s o u t h e r n  B r a z o r i a  County e nc oun te r ed  1675 f e e t  of  H e t e r o s t e g i n a  
l i m e s t o n e .

The s h a l e s  a r e  p r e d o m i n a t e l y  g r a y  i n  c o l o r  though they  may 

be brown o r  g r e e n i s h .  G e n e r a l l y  t h e y  c o n t r a s t  markedly  w i t h  t h e  

o v e r l y i n g  b u f f - c o l o r e d  Ca tahou la  t u f f s  and c l ay s  and w i th  the 

u n d e r l y i n g  g r ee n  F r i o  c l a y s .  The s h a l e s  a r e  f o s s i l i f e r o u s ,  g l a u ­

c o n i t i c ,  and g e n e r a l l y  micaceous and c a l c a r e o u s .  The sa n d s to n e s  

a r e  q u a r t z o s e  and v e r y  s i m i l a r  to  the  sands tones  o f  the  p r e v i o u s l y  

d e s c r i b e d  marine  f o r m a t i o n s .

C o n d i t i o n s  o f  D e p o s i t i o n .

The p r es e nc e  o f  marine f o s s i l s  and g l a u c o n i t e  everywhere i n  

t h i s  f o r m a t i o n  p r ov es  i t s  mar ine  o r i g i n .  Thi s  c o n c l u s i o n  i s  sub­

s t a n t i a t e d  by the p r e s e n c e  o f  co n t in u o u s  b l a n k e t  sands  i n  the  

r e g i o n  sou thwes t  o f  Ja c k so n  County,  Texas,  and a l s o  i n  L o u i s i a n a .  

S in c e  the E e t e r o s t e g i n a  zone ex tends  f a r t h e r  i n l a n d  t h a n  e i t h e r  

th e  lower  o r  h i g h e r  zones i n  e a s t e r n  Texas,  t h e  Marginul ina.  and 

iower  H e t e r o s t e g i n a  beds  must  have been d e p o s i t e d  i n  a t r a n s -  

g r e s s i v e  s e a  and the  up pe r  H e t e r o s t e g i n a  and D i s c o r b i s  beds  must 

have been d e p o s i t e d  i n  a r e g r e s s i v e  s e a .  This ma r ine  wedge i s  a 

t y p i c a l  o n - l a p - o f f - l a p  d e p o s i t .  I n  L o u i s i a n a  and s o u t h w e s t e r n

Texas ,  the maximum advance o f  the  s e a  may have been i n  D i s c o r b i s  
1

t i m e  .

_

See p .  88.

Pa leo geo grap hy .

The M a rg in u l in a  zone i s  found i n  w e l l  s e c t i o n s  i n  C l i n t o n  and
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Deer pa rk  due e a s t  of Houston but  i s  a bs en t  a t  Eureka and Fa i rbank s  

a s h o r t  d i s t a n c e  n o r th w es t  of Houston.  The shore  l i n e  a t  th e  end 

of  Marg inu l ina  t ime was in  th e  a r e a  now occupied by the n o r t h w e s t e r n  

c i t y  l i m i t s  of Houston and fo l lowed  th e  p r e s e n t  day s t r i k e  o f  th e  

beds (F ig .  7 ) .  By middle H e t e r o s t e g i n a  t ime th e  s e a s  had advanced 

t o  the a r e a  now occupied by s o u t h e r n  Montgomery County.  A t e s t  

d r i l l e d  on the  n o r t h  f l a n k  of the Tomball s t r u c t u r e  e n c o u n t e r e d  

40 f e e t  of  Het e r o s t e g i n a  be d s .  The maximum of i n v a s i o n  was reached  

d u r in g  middle Het e r o s t  eg ina  t ime a f t e r  which the  s e a s  r e t r e a t e d *

At t h e  beg inning  o f  D is c o rb i s  t ime the s t r a n d  l i n e  was a l ong  the 

s t r i k e  of Baramel 7 or 8 mi les  s o u t h  of Tombal l .  I t s  exac t  p o s i t i o n  

a t  th e  c l o s e  of D i s c o r b i s  has not been de t e rm ined ,  bu t  i t  was near  

c e n t r a l  B r a z o r i a  and Matagorda C o u n t i e s .

Ca tahou la  Fo rm a t io n .

A s e r i e s  of s t r a t a  composed l a r g e l y  of p y r o c l a s t i c  m a t e r i a l  

i n t e r s t r a t i f i e d  wi th  f l u v i a t i l e  d e p o s i t s  i s  found above t h e  

D i s c o r b i s  zone i n  w e l l  s e c t i o n s ,  above the  F r i o  i n  th e  o u tc ro p  in  

so u t h w e s t e r n  Texas and above t h e  F a y e t t e  in  ou tc rop  i n  e a s t e r n  

Texas.  Th i s  s e r i e s  i s  g e n e r a l l y  c a l l e d  the Ca tahou l a ,  but  con­

te m p o ra n e i t y  with t h e  Ca tahoula  of M i s s i s s i p o i  and L o u is ia n a  has
1

not been d e f i n i t e l y  e s t a b l i s h e d .  .Howe c o n s i d e r s  th e  Ca tahou l a  to

T .
Howe, Henry V. , Lo u is ia n a  Pe t ro leum S t r a t i g r a p h y :  La. Dept ,  of  

Conserv.  Gten e r  a 1 m i n e r a l s  B u l l e t i n  no.  37, p. 30, 1036.

be Lower Miocene i n  a g e .  This i s  conf i rmed  by the Miocene a f f i n i t i e s  

in  the fauna of the  u n d e r l y i n g  beds .
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The r e l a t i o n s h i p  o f  t h e  ou t c ro p p in g  Ca tahou la  w i t h  the s u b ­

s u r f a c e  beds down-dip has been d i s c u s s e d  p r e v i o u s l y .  The p repon­

derance of  ev id en ce  f a v o r s  th e  c o r r e l a t i o n  of t h e  outc ropp ing  beds 

wi th  the  600 f e e t  o f  p y r o c l a s t i c  s t r a t a  found above the D i s c o r b i s  

zone everywhere in H a r r i s  Counter and a r e a s  a l o n g  the s t r i k e .  Near 

the p r e s e n t  shore l i n e  the  Ca tahou la  g r a d e s  i n t o  a marine s e r i e s  

w i th  a fauna which i s  d i f f i c u l t  t o  d i s t i n g u i s h  from the  fauna of 

the  D i s c o r b i s  zone.

Contac t  w i t h  t h e  Sub-Format ion .

The b a s a l  c o n t a c t  of  t h e  Ca tahoula  i n  the o u tc ro p  i s  uncon- 

fcr rnable .  Eastward from Karnes County t h e  C a t aho u l a  comple te ly  

o v e r l a p s  th e  F r i o ,  and in  p l a c e s  i n  c e n t r a l  Texas i t  o v e r l a p s  a 

p o r t i o n  of the F a y e t t e .  The F r i o  i s  exposed i n  s o u t h w e s t e r n  Texas 

but  the  F r i o - C a t a h o u l a  c o n t a c t  i s  unconformable .

D i s t r i b u t i o n  and Thickness. -  

The Ca tahou la  o u tc ro p  i s  con t i nu ous  i n  Texas f rom the Rio 

Grande River  to th e  Sab ine  R i v e r .  L ikewise a s e r i e s  of  p y r o c l a s t i c  

beds i s  en c o u n te r e d  above th e  D i s c o r b i s  zone i n  w e l l  s e c t i o n s  

everywhere s o u t h  of  t h e  o u tc ro p .

The t h i c k n e s s  of  t h e  Ca tahoula  i s  ve ry  d i f f i c u l t  t o  determine 

in  w e l l  s e c t i o n s  where th e  marine wedge does no t  occur  between i t  

and the  F r i o  because  of  th e  s i m i l a r  ap pe ar an c e  of  t h e s e  two forma­

t i o n s .  The upper  c o n t a c t  i s  p la ce d  a t  t h e  t o p  o f  th e  f i r s t  pyro­

c l a s t i c  bed. This may not  always be a n  a c c u r a t e  d e f i n i t i o n  o f  the  

upper  l i m i t  of th e  s u b s u r f a c e  Ca tahou la  because  th e  lower pa r t  of 

the  Fleming c o n t a i n s  some p y r o c l a s t i c  m a t e r i a l .  The p r o b a b i l i t y
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i s ,  however,  t h a t  i n  e a s t e r n  Texas no g r e a t  e r r o r  i s  made by thus  

d e f i n i n g  the  upper  c o n t a c t  o f  the  s u b s u r f a c e  Catahoula*

The Ca tahoula  a t  t h e  o u t c r o p  i s  t h i n n e s t  i n  c e n t r a l  Texas,  

b e i n g  from 100 to 200 f e e t  t h i c k  i n  Gonzales ,  F a y e t t e ,  and Wash­

i n g t o n  Co un t i es .  I t  t h i c k e n s  bo th  ea s tw ard  and southwestward from 

t h e r e ,  t h i c k n e s s e s  from 300 to  600 f e e t  hav ing  been r e p o r t e d  i n  

e a s t e r n  Texas and from 800 to 1000 f e e t  i n  s o u th w e s te r n  Texas .

This  f o rm a t io n  a p p e a r s  to t h i c k e n  l i t t l e  i f  any gu l f ward .

The p y r o c l a s t i c  beds above th e  D i s c o r b i s  zone a r e  600 f e e t  t h i c k  

i n  th e  extreme so u th e rn  p a r t  o f  Montgomery County and over  most  of 

H a r r i s  County.  At Tan Yleck O i l  F i e l d ,  Matagorda County,  a s e r i e s  

o f  i n t e r s t r a t i f i e d  p y r o c l a s t i c  c o n t i n e n t a l  and marine d e p o s i t s  

o v e r l i e s  the  D i s c o r b i s  zone.  This  i s  p roba b ly  the  e q u i v a l e n t  o f  

th e  Ca tahoula  where i t  i s  g r a d in g  i n t o  a mar ine  f a c i e s .  This  zone 

I s  700 f e e t  t h i c k  a t  Tan Y le ck ,

L i t h o l o g y .

The Catahoula i s  an i n t e r s t r a t i f i c a t i o n  o f  p y r o c l a s t i c  m a t e r i a l  

and f l u v i a t i l e  sed im ent s .  The r o c k s  a r e  t u f f ,  t u f f a c e o u s ,  o r  a s h y  

sand ,  a s h y  c l ay ,  sandy c l a y  and c l a y .  The p y r o c l a s t i c s  p r ed o m in a te .

Schlumberger  lo g s  show t h a t  25 p e r  cent  o f  th e  f o r m a t i o n  i s  

a c o a r s e - t e x t u r e d  d e p o s i t  a t  Tombal l ,  30 pe r  cen t  a t  F a i r b a n k s  and 

28 p e r  ce n t  i n  t h e  Westmoreland w e l l .  Most o f  the  sand i s  concen­

t r a t e d  i n t o  the  bot tom p a r t  o f  t h e  f o r m a t i o n  wi th  on ly  a few t h i n  

sand beds  o c c u r r i n g  above .  Th is  sa n d  body i s  f r e q u e n t l y  c a l l e d  

t h e  Basa l  Miocene Sand and can b e  r e a d i l y  r e c o g n i z e d  a long  the 

s t r i k e  o f  H a r r i s  County i n  th e  e a s t e r n  p a r t  of th e  s t a t e .  Near th e
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modern sh or e  l i n e ,  the  up per  p a r t  of  t h e  D i s c o r b i s  zone i s  sandy 

so  t h a t  th e  base  of t h e  f o rm a t i o n  i s  not r e a d i l y  de te rmined  by 

l i t h o l o g y .  In some s t r u c t u r e s  t h e  b a s a l  sand becomes ve ry  t h i c k .  

I t  i s  350 f e e t  t h i c k  a t  H a s t i n g s  f i e l d ,  B r a z o r i a  County,  and i n  

some s t r u c t u r e s  i t  i s  p e t r o l i f e r o u s .

The sandstone s t r a t a  a r e  o f t e n  c r o s s - b e d d e d ,  g e n e r a l l y  very 

a s h y ,  and l o c a l l y  ve ry  i n d u r a t e d .  Opal ,  s i l i c a ,  and a r g i l l a c e o u s  

m a t e r i a l  a r e  common cement ing m a t e r i a l s .  I n d i v i d u a l  beds may 

grade  h o r i z o n t a l l y  f rom a w e l l - i n d u r a t e d  sand s to ne  i n t o  an  un-
1

c o n s o l i d a t e d  d e p o s i t .  E a i l e y  r e p o r t e d  th e fo l l ow ing  m i n e r a l  com-

1.
B a i l e y ,  Thomas L . , The Gueydan, a New Middle T e r t i a r y  Forma­

t i o n  from t h e  So u t hwes te rn  C o a s t a l  P l a i n  of T ex a s : The Univ.  of
Texas B u l l .  no.  2645,  p .  145, 1926.

p o s i t i o n  of  a n  Upper Ca tah ou l a  sa n d s t o n e  in Tyler  County:

Quartz 30£.
P l a g i o c l a s e  (mainly a n d e s i n e ) 28£.
Chert 25̂ o*
O r t h o c l a s e  an d  s a n i d i n e 4g.
Mi croc l i n e 1% .
Magne t  i t  e I f c
B i o t i t  e t r a c e .
Volcanic  g l a s s t r a c e .
Muscovi te t r a c e .
Z i r c o n t r a c e .
Opal  ( f rom cement) l l g .

That  th e  co m pos i t i ons  of Ca tahou la  s a n d s t o n e s  v a r y  g r e a t l y

i s  shown by th e  f o l l o w in g  mine ra l  com pos i t i on  of a sample from
‘ O

Gonzales  County as  r e p o r t e d  by B a i l e y  :

2.
B a i l e y ,  Thomas L . , l o c .  c i t . ,  p.  144.
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Quartz
P l a g i o c l a s e  ( a l b i t e  t o  l a b r a d o r i t e )
Chert
O r t h o c l a s e  and s a n i d i n e  
Z i r c o n  
Magnet i t  e 
Horneblende
J a r o s i t e  ( o c c u r s  i n  c a v i t i e s  as  t i n y ,  

o r a n g e - c o l o r e d  hexagonal  
p l a t e s  w i t h  a h a b i t  t y p i c a l  
of  t h i s  m i n e r a l )

Volcanic  g l a s s  
Hemat i t e  ( f rom w e a t h e r i n g  o f  j a r o s i t e )  t r a c e .
Opal ( f rom cement)  20?£*

The m a j o r i t y  of t h e  q u a r t z  g r a i n s  a r e  su ba ngu la r  or subround and

a r e  c o l o r l e s s .  Some of the  beds c o n t a i n  " r i c e  sands" which

resemble t h e  " r i c e  sands"  of t h e  F r i o .

The v o lc a n ic  t u f f s  are  w h i t e ,  b u f f ,  g r a y ,  or  g r e e n i s h  g r a y  i n

c o l o r ,  a r e  massive ,  and some ty pe s  b r e a k  w i t h  a c o n c h o id a l  f r a c t u r e .

The Ca tahou la  t u f f a c e o u s  beds  may grade  from a pure t u f f  i n t o

t u f f a c e o u s  c l a y s  and t u f f a c e o u s  sand.  Some of  t h e  t u f f s  a r e

h i g h l y  s i l i c i f i e d  i n  which c a s e  t h e y  a r e  r e l a t i v e l y  r e s i s t a n t  and

b r e a k  w i t h  a c o n c h o i d a l  f r a c t u r e .  Some appear  to  be a n  a l t e r e d

form and may even be reworked.  Lava b o u ld e r s  a r e  f r e q u e n t l y  found
1

i n  them i n  s o u t h w e s t e r n  Texas.  B a i l e y  g i v e s  t h e  f o l l o w in g  com-

1 ..
B a i l e y ,  Thomas L . , l o c .  c i t . ,  pp. 128-129*.

p o s i t i o n  for  a sample of whi te  t u f f  from Live Oak County:

Volcanic  g l a s s 70 %.■
Soda- l ime f e l d s p a r 20^.
Sa n i d in e 5g.
Quar tz t r ace
L e v e r r i e r i t e  a g g r e g a re s 4g.
Opal l g .
Magne t  i  t  e t  r a c e
Marcas i t  e t  r ac e

t r a c e  (common)* 
t r a c e  (common), 
t r a c e  ( r a r e ) .  

1%.

t r a c e  ( r a r e ) .
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Z i r c o n
A p a t i t e

t r a c e ,  
t r a c e *  
t  r a c e ,  
t r a c e ,  
t r a c e ,  
t r a c e .

C h l o r i t  e 
S e r p e n t i n e  ( ? )  
Bar i t  e 
Wither  i t  e

The Ca tahoula  c l a y s  in  c e n t r a l  and e a s t e r n  Texas a r e  g e n e r a l l y  

b u f f ,  g r a y ,  or g r e e n  in  c o l o r  and the y  a r e  commonly ve ry  ashy .

These c l a y s  are  commonly r e d  i n  the  ext reme so u t h w e s t e r n  pa r t  of  

th e  s t a t e  and resemble  t h e  r e d  F r i o  c l a y s .

Volcanic c e n t e r s  in  the west  were e x c e e d i n g l y  a c t i v e  d u r i n g  

Ca tahou la  t im e .  The e j e c t e d  m a t e r i a l  was d e p o s i t e d  wid e ly  over  

the  w e s t e r n  p a r t  of th e  Gulf  C o a s t a l  P l a i n .  Much of  th e  m a t e r i a l  

has  been reworked by t h e  c o a s t a l  p l a i n  s t r e a m s  of th e  t i m e .  These 

s t r ea m s  d e p o s i t e d  some n o n - p y r o c l a s t i c  m a t e r i a l  a l s o .  E a r e l y ,  how­

e v e r ,  a r e  the f l u v i a t i l e  d e p o s i t s  found t o  be e n t i r e l y  f r e e  of 

t u f f ,  i n d i c a t i n g  t h a t  th e  v o l c a n i c  a c t i v i t y  was q u i t e  c o n t i n u o u s .  

The f e l d s p a r  i n  th e  sands i n d i c a t e  t h a t  the  s o u r ce  of the non- 

p y r o c l a s t i c  d e p o s i t s  was near  t h e  c o a s t a l  p l a i n .  The s t reams  in  

e a s t e r n  Texas were more v ig or ou s  t h a n  th os e  i n  th e  west i n  th e  

l a t t e r  p a r t  of  Ca tahou la  time and more sand was d e p o s i t e d  i n  th e  

former a r e a  t h a n  th e  l a t t e r .

F o s s i l s  a r e  no t  common in  th e  c o n t i n e n t a l  f a c i e s  of  the  

C a t a h o u l a .  Unios and a number of f o s s i l  p l a n t s  have been obse rved

i n  some beds .  B e r r y  r e p o r t s  a r e l a t i v e  abundance of palms which

Con di t io ns  of  Accumula t ion .

1

1.
B e rry ,  Edward Wi lbe r ,  The F l o r a  of  th e  Ca tahou la  Sands tone :  

U. S. G. S. P r o f .  paper  no.  98,  pp.  227-251,  1916.
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i n d i c a t e s  a t r o p i c a l  c l i m a t e .

Paleogeography .

The C a t aho u l a  i s  r a r e l y  c o r ed  i n  w e l l  s e c t i o n s  so  t h a t  good 

d e s c r i p t i o n s  of t h i s  f o rm a t i o n  i n  down-dip we l l  s e c t i o n s  a r e  l a c k ­

i n g .  I t  a p p e a r s  c e r t a i n ,  however,  t h a t  th e  Ca tah ou l a  a l o n g  th e  

s t r i k e  of  H a r r i s  County i s  c o n t i n e n t a l .  This i s  i n d i c a t e d  by the 

a s h  beds and the a b s en ce  of marine f o s s i l s  and g l a u c o n i t e ,  p r ev io us  

ment ion  has been made of th e  p resence  of 700 f e e t  o f  s e c t i o n  above 

the  D is c o rb i s  zone a t  Van Vleck which c o n t a i n s  b o t h  marine and non­

marine beds .  The a s h  and b e n t o n i t e  in  th e se  beds i n d i c a t e  t h a t  

t h i s  i s  t h e  e q u i v a l e n t  o f  the  p y r o c l a s t i c  d e p o s i t s  above t h e  D is ­

c o r b i s  zone in H a r r i s  County,  which in  t u r n ,  i s  c o r r e l a t e d  wi th  th e  

s u r f a c e  C a ta ho u l a .  The Ca tahou la  shore l i n e  thus  a p p e a r s  to  have 

been i n  c e n t r a l  or n o r t h e r n  Matagorda,  B r a z o r i a ,  and  G al ve s t on  

C o u n t i e s .

Miocene and P l i o c e n e  S e r i e s  

Fleming Group..

The Fleming g rou p ,  which o v e r l i e s  the C a ta h o u l a ,  i s  a sequence 

of  mo t t l ed  c a l c a r e o u s  c l ay s  and sands .  Southwest  of  the  Brazos 

River  i t  has been d i v i d e d  in to  th e  O a k v i l l e  sand below and the  

Lagar to  c l a y  above .  In s o u t h e a s t e r n  Texas however,  th e  Oak v i l l e  

changes  in to  a c l a y e y  f a c i e s  which canno t  be d i s t i n g u i s h e d  from 

th e  Lagar to  c l ay  e i t h e r  i n  th e  ou tc rop  or in  w e l l  s e c t i o n s .  For 

t h i s  r eason  a l l  t h e  Fleming s t r a t a  a r e  grouped t o g e t h e r  i n  the 

d i s c u s s i o n  which fol lows. .
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Fleming s t r a t a  a r e  d i s t i n g u i s h e d  from the - Ca tahou la  by th e  

p r es e n ce  of reworked C re t ace ous  f o s s i l s ,  and l a r g e  amounts of lime 

i n  th e  c l a y s  and sands and by the  d e a r t h  of  p y r o c l a s t i c  m a t e r i a l .

In  c e n t r a l  and s o u t h w e s t e r n  Texas,  t h e  b a s a l  Oak v i l l e  c o n t a i n s  some 

p y r o c l a s t i c  m a t e r i a l  but  t h i s  was p r oba b ly  d e r iv e d  l a r g e l y  from 

th e  C a t aho u l a .  There i s  l i t t l e  a sh  i n  th e  Fleming of s o u t h e a s t e r n  

Texas .  The Fleming i s  d i s t i n g u i s h e d  from o v e r l y i n g  s t r a t a  by th e  

p resence  of reworked Cr e t ac e ou s  f o s s i l s .

Co n t ac t  w i t h  t h e  Sub-Format ion.

The b as a l  c o n t a c t  of  t h e  Fleming i s  unconformable  a t  th e  o u t ­

c r op .  Loca l ly  a b a s a l  cong lomera te  i s  p r e s e n t .  The upper  p a r t  of 

the Ca tahoula  in  s o u t h c e n t r a l  Texas i s  ov er lapp ed  by t h e  Fleming.

As i n  th e  c a s e  of o t h e r  T e r t i a r y  f o rm a t i o n s ,  th e  gu l fward  e x t e n t  

of  t h i s  h i a t u s  i s  unknown.

D i s t r i b u t i o n  and T h ic k n e ss .

This  group of s t r a t a  occupies  a co n t i nuous  b e l t  a l o n g  the  

margin of  the  Texas Gulf  C o a s t a l  P l a i n .  I t  i s  found in  every wel l  

s e c t i o n  south of t h e  ou tc ro p  except  i n  t h o s e  l o c a t e d  over s a l t  

plugs  which have p i e r c e d  i t .

The f o l l o w in g  l i s t  shows the  t h i c k n e s s  of the Fleming in  a 

s e r i e s  of wel l  s e c t i o n s  i n  Montgomery, H a r r i s  and B r a z o r i a  C o u n t i e s :

S tanol ind-Amerada No. 1 Fred B r a u t i g a n ,  l o c a t e d  i n
s o u th e rn  Montgomery County.  - - - - - - - - - -  1300 f e e t

Amerada-Stanol ind No. 1-C Louis  Dops lauf ,  l o c a t e d
a t  F a i r b a n k s ,  H a r r i s  County.  - - - - - - - - -  1680 "

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



7 5

Cockburn and F r a z i e r  No. 1 Herman H o s p i t a l ,  l o c a t e d  
t h r e e  mi les  s o u t h e a s t  of Addicks i n  H a r r i s  
County.  - - - - - - - - - - - - - - - - - - - -  168 5 f e e t

Capps,  Benedum, and Trees  No. 1 Westmoreland,  
l o c a t e d  5 mi les  west  of B e l l a i r e  i n  H a r r i s  
C o u n t y .  2224 "

Amerada No. 1 Houston Farms Dev. Co . ,  l o c a t e d  i n
s o u t h e r n  B r a z o r i a  County.  -  - -  - -  - -  - -  - -  4000 ,r

As s t a t e d  p r e v i o u s l y ,  th e re  i s  some doubt  a s  to  t h e  down-dip

e q u i v a l e n t  of t h e  C a ta h o u l a .  This  w i l l  a f f e c t  th e  t h i c k n e s s  of

the Fleming r e p o r t e d  in  th e  l a s t  w e l l .  I f  the  down-dip e q u i v a l e n t

o f  the Ca tahou la  i s  t h e  upper  p a r t  of  th e  Miocene D i s c o r b i s  zone,

t h e n  the Fleming i n  the l a s t - m e n t i o n e d  wel l  i s  4700 f e e t  t h i c k *

Li t ho logy*

The Fleming i s  composed of sands to ne  and c a l c a r e o u s ,  m e t t l e d  

c l a y .  The r e l a t i v e  amount of sand v a r i e s .  G e n e r a l l y ,  t h e r e  i s  

l e s s  i n  s o u t h e a s t e r n  Texas th a n  in  the  so u th w e s t e r n  p a r t  of  the 

s t a t e .  At Fa i rbank s  i t  i s  a p p r o x im a te l y  25 per  cen t  sand and a t  

R a t t l e s n a k e  Mound i n  s o u t h e r n  3 r a z o r i a  County i t  i s  a p p r o x i m a t e l 3r 

35 p e r  c e n t  sand*

The sand g r a i n s  a r e  p r edom ina n t l y  q u a r t z ,  but  l ime nodules  

a r e  v e r y  common. The cement ing m a t e r i a l  i s  o f t e n  c a l c i t e .  The 

sa nds to ne  s t r a t a  a r e  l e n t i c u l a r  and more o f t e n  f r i a b l e  th a n  w e l l -  

i n d u r a t e d ,  but  i n  so u th w e s te r n  Texas th e  O a k v i l l e  sands to nes  a r e  

s u f f i c i e n t l y  s t r o n g  and c o n t in u o u s  to form the Bordas c u e s t a .  No 

e q u i v a l e n t  of t h i s  escarpment  i s  p r e s e n t  in  e a s t e r n  Texas because  

cla^rs r e p l a c e  the  s a n d s to n e s  e a s t  of t h e  Brazos R i v e r .  Most of th e  

Fleming sands  a r e  i n t r i c a t e l y  c r o s s - b e d d e d .
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The c l ays  a r e  c a l c a r e o u s  and m o t t l e d .  Tan, r e d ,  g r een ,  

purp le  and g r a y  are  common c o l o r s  i n  Fleming cla^rs.  They are 

poor ly  bedded and c o n t a i n  numerous lime c o n c r e t i o n s  and reworked 

C re t ac eo u s  f o s s i l s .

The f o l l o w in g  i s  a g e n e r a l i z e d  d e s c r i p t i o n  o f  th e  Fleming as 

shown by the  r o c k - c u t t  ings from a w e l l  a t  F a i r b a n k s :

(F i g u r e s  at  l e f t  a r e  d i s t a n c e s  in  f e e t  from top  o f  g r o u p . )

0 -640 Predominant ly  f i n e - t e x t u r e d  q u a r t z o s e  sand wi th  
lime nodu le s  and sm a l l  amount's of r e d ,  brown, 
and g ray  c l a y .

640-1000 8 5 per cent  p u r p l e ,  r e d ,  brown, and g ray m o t t l e d
c l a y  and 1*5 per  cen t  f i n e - t e x t u r e d  sand .

1000-1160 Predominan t ly  f i n e - t e x t u r e d  q u a r t z o s e  sand w i t h
lime nodules  and s m a l l  amounts of m ot t l e d  c l a y .

1160-1520 50 per cent f i n e - t e x t u r e d  sands tone  and 50 per
cent  c a l c a r e o u s ,  m o t t l e d ,  g r a y ,  g ree n ,  and 
brown c l a y .

1320-1540 F i n e - t e x t u r e d  s a n d s t o n e  wi th  a smal l  amount of 
m o t t l e d ,  c a l c a r e o u s  c l a y .

1640-1680 60 per  ce n t  r e d ,  brown, g r a y ,  and g r een  m o t t l e d ,
c a l c a r e o u s  c l a y  and 40 per  cent  f i n e - t e x t u r e d  
sandstone*

The above d e s c r i p t i o n  shows too h i g h  a p e r c e n ta g e  of sand because

o v e r l v i n g  sand fo rm at ion s  cave i n  t h e  hole  and contamina te  the
1

samples of t i le r o c k - c u t t i n g s .  B a i l e y  d e s c r i b e d  the  fo l lowin g  

s e c t i o n  from tile ou tc rop  of th e  Lagar to  i n  Colorado County;

1 * .

B a i l e 3̂ , T. L. , The Geology and N a t u r a l  Resources  of Colorado 
County;  The Univ.  of Texas B u l l .  no.  2333, p.  78,  1923.

Unconformity 

Lagar to

2. Whi t i sh  g ray  and y e l l o w i s h - w h i t e , g r e a t l y  c r o s s - b e d d e d  and
i r r e g u l a r l y - b e d d e d ,  co n g l o m er a t i c  sa nd s tone  i n t e r  bedded 
w i t h  s t r a t a  of b r i g h t  t o  d u l l  ye l low  san ds .  Most of 
the  s a n d s to n e ,  conglomerate  and sand c o n t a i n s  abundant  
pebbles  of yel low c l a y .  A l l  t h e s e  beds a re  s t r o n g l y
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c a l c a r e o u s .  The sands a r e  t h i n  in  the  upper  p a r t  
bu t  ne a r  the  base  one bed l o c a l l y  r e a c h e d  a t h i c k ­
ness  of 5 f e e t .  Thickness  of  No. 2 - - - - - - -  10'  t o  30*

3. O ch e r - y e l l o w , c o n c r e t i o n a r y , l a m i n a t e d  marl  c o n t a i n i n g
c a l c a r e o u s  c o n c r e t i o n s  - - - - - - - - - - - - -  O' to 5 1

4. Massive b u f f  t o  b r i g h t  y e l l o w ,  g r a y - s p l o t c h e d ,  j o i n t
c l a y  c o n t a i n i n g  c a l c a r e o u s  c o n c r e t i o n s  up t o  3
in c h e s  i n  d ia m e t e r .  Exposed - - - - - - - - - -  20'  t o  40*
(The up per  s u r f a c e  of t h i s  c l a y  i s  i r r e g u l a r  
and u n d u l a t o r y  and s a n d s t o n e  l e n s e s  occur in 
t h e  upper  5 f e e t .  The g r e a t  v a r i a t i o n  i n  t h i c k ­
ness  i s  due t o  th e  i r r e g u l a r  bedding of t h e s e  
r o c k s . )

Covered wi th  l a t e r  t e r r a c e  g r a v e l  and f i l l  from o u t e r
edge o f  Cummins Creek bo t tom to  bank of c r e e k  -  - 20 '

5.  Cross - bed de d  s a n d s t o n e ,  s i m i l a r  t o  No. 2 t o  w a t e r ' s
edge.  (No. 5 i s  exposed in  th e  v e r t i c a l  bank of
Cummins Creek)  - - - - - - - - - - - - - - - - - 1 0 *  t o 20'

C o n d i t i o n s  o f  D e p o s i t i o n .

The Fleming i s  a f l u v i a t i l e  complex l a i d  down upon th e  eroded 

s o u t h - s l o p i n g  s u r f a c e  of th e  C a t a h o u l a .  Some of t h e  d e p o s i t s  show 

a d e l t a i c  s t r u c t u r e ,  b u t  much of i t  i s  channe l  d e p o s i t , o f  numerous 

wide lv -me and er ing  s t r ea m s .

The sudden i n f l u x  of g r e a t  amounts of c a l c a r e o u s  m a t e r i a l  at  

t h i s  t im e  - toge ther  w i t h  t h e  p r es e n ce  of reworked C re t ac e o u s  f o s s i l s  

i n  Fleming beds shows t h a t  the  r e g i o n  of the C re t ace ou s  ou tc rop  

was a b r u p t l y  u p l i f t e d  and was th e  s o u r c e  of th e  Fleming d e p o s i t s *  

The Cre t ace ous  f o s s i l s  p r e s e n t  i n c lu d e  bo th  f o r a m i n i f e r a  and rnacro- 

f o s s i l s .  The Fleming i n  we l l  s e c t i o n s  near  t h e  p r e s e n t  sh or e  con­

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

marine f a c i e s  i s  p r e s e n t .

pa 1 e og e ogr a phjr.

The younger beds encounte red  i n  most w e l l s  a r e  so  poor ly
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logged  t h a t  s u f f i c i e n t  a c c u r a t e  d a t a  i s  not a v a i l a b l e  f o r  the  d e t e r ­

m in a t io n  of  exac t  p o s i t i o n  of  t h e  Fleming shore  l i n e .  These beds 

are  a lmos t  e n t i r e l y  c o n t i n e n t a l  a l ong  th e  s t r i k e  of H a r r i s  County.

In the  Amerada Pe t ro leum C o r p o r a t i o n ' s  No. 1 Houston Farms 

Development Company wel l  i n  s o u t h e rn  B r a z o r i a  County,  however,  

Miocene f o r a m i n i f e r a  a r e  p r e s e n t  th rougho ut  t h e  Fleming and o t he r  

w e l l s  s i m i l a r l y  l o c a t e d  show th e  same c o n d i t i o n .  The Fleming i s  

u n q u e s t i o n a b l y  marine a t  the  s i t e  of t h e  modern shore l i n e .  The 

p r o b a b i l i t y  i s  t h a t  excep t  for  minor f l u c t u a t i o n s  the Fleming 

shore  l i n e  pas se d  th ro ug h  th e  c e n t r a l  or n o r t h e r n  p a r t  o f  the  

most s o u t h e r l y  t i e r  of c o u n t i e s .

P l i oce ne  S er ie s . .
W i l l i s  Format ion .

The po s t - F lem in g  f o r m a t i o n s  cannot  be d i f f e r e n t i a t e d  in  most 

w e l l  s e c t i o n s ,  and the  s tudy  of  t h i s  p a r t  of t h e  s e c t i o n  i s  con­

s e q u e n t l y  based  on s u r f a c e  d a t a .  I f  c o r e d  s e c t i o n s  were a v a i l a b l e  

a s u b s u r f a c e  s t u d y  of t h e s e  beds would u ndo ubt e d ly  be p o s s i b l e .  

However, they a r e  g e n e r a l l y  n e i t h e r  cored  nor  sampled except  i n  

r a r e  cases  where s p e c i a l  co r e  t e s t s  a r e  d r i l l e d  f o r  c o r r e l a t i o n  

pu rp os es ,  and the  d a t a  from such core t e s t s  i s  g e n e r a l l y  not  a v a i l ­

a b l e  for p u b l i c a t i o n .
1

The name "W i l l i s "  was f i r s t  p roposed  by Doering f o r  the s t r a t a

_

Doer ing ,  John,  Post -F leming  S u r f a c e  Format ion  o f  C o a s t a l  South­
e a s t  Texas and South  Louis iana: :  A. A. p.  G. B u l l .  v o l .  19, no.  5,
pp.  651-688,  1935.

between th e  Fleming and  the  P l e i s t o c e n e .  Plummer had p r e v i o u s l y
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2 .
Plummer, F. B . , l o c .  c i t . ,  pp .  761-762.

r e c o g n i z e d  t h e s e  s t r a t a  as  d i s t i n c t  from e i t h e r  the Fleming or 

L i s s i e ,  but  he d id  not name them. The W i l l i s  has b e e n  r e c o g n i z e d  

under  t h a t  name a s  a v a l i d  f o r m a t i o n  on the 1937 g e o l o g i c  map of 

T ex a s .

According t o  Doer ing ,  t h i s  f o rm a t i o n  i s  th e  e q u i v a l e n t  of the 

Upper C i t r c n s l l e .  Al though most of  i t  i s  p robab ly  younger  tha n  

the Gol iad  of s o u t h w e s t e r n  Texas ,  t h e  lower p a r t  of  the W i l l i s  may 

be th e  e q u i v a l e n t  of  th e  upper  p a r t  of the  Gol iad .

The b a s a l  c o n t a c t  i s  unconformable .  The u n d e r l y i n g  fo rm a t i o n  

i n  s o u t h e a s t e r n  Texas i s  the L a g a r t o ,  bu t  i n  p l a c e s  i n  c e n t r a l  and 

s o u t h w e s t e r n  Texas i t  i s  p ro b a b ly  the  Gol iad.

D i s t r i b u t i o n  and Th ickne ss .

The W i l l i s  has been  mapped i n  Texas from the Colorado E iv e r  

to th e  Sabine River ,  b u t  s t r a t a  belong ing  t o  t h i s  f o r m a t i o n  a r e  

a l s o  p r e s e n t  sou thwes t  of th e  Colorado River .  I t  a l s o  occup ies  

a d i s c o n t i n u o u s  b e l t  a c r o s s  s o u t h e r n  L o u i s i a n a .  Wherever a s t ream 

of  any s i z e  c r o s s e s  th e  W i l l i s  b e l t ,  the  beds a r e  e i t h e r  eroded 

away or covered ,  g i v i n g  an  i r r e g u l a r  p a t t e r n  to t h e  o u t c ro p  a r e a .

Doer ing s t a t e s  t h a t  the  W i l l i s  i s  from 80 to  85 f e e t  t h i c k  in  

s o u t h e a s t e r n  Texas and s o u t h w e s t e r n  Louis iana  and from 120 to  125 

f e e t  t h i c k  i n  s o u t h e a s t e r n  L o u i s i a n a .

L i t ho l ogy *

The W i l l i s  i s  composed of  a l l u v i a l  g r a v e l s ,  sands,  and c l a y s .  

The g r a v e l s  and sands  a r e  q u a r t z o s e  and g e n e r a l l y  l i g h t - c o l o r e d  and
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c r o s s - b e d d e d .  I n  a s e c t i o n  n o r t h  of Tombal l ,  many f e r r u g i n o u s  

nodu les  a r e  d i s s e m i n a t e d  th r ou gh  the  sand.  The sand i s  r e d  and 

somewhat i n d u r a t e d .  The sands i n  o th e r  p a r t s  of t h e  fo r m a t i on  

a r e  l i g h t  g ray .  W i l l i s  c l a y s  a r e  g e n e r a l l y  d i s s e m in a te d  th rough  

the sands  and g r a v e l s ,  bu t  a few c l a y  beds a r e  p r e s e n t  i n  the  forma­

t i o n .

Doering has r e c o g n i z e d  t h r e e  l i t h o l o g i c a l l y  d i s t i n c t  members 

i n  the W i l l i s  f o r m a t i o n .  The r e a d e r  i s  r e f e r r e d  t o  h i s  paper  fo r  

d e t a i l e d  d e s c r i p t i o n s  of t h e s e  members.

C o n d i t i o n s  of Accumulat ion .

A l l  o u tc ro p p in g  beds  of t h e  W i l l i s  a re  f l u v i a t i l e  i n  o r i g i n .  

They were d e p o s i t e d  upon th e  e roded  s u r f a c e  of th e  o lde r  beds a f t e r  

a down-warping of  th e  C o a s t a l  bor de r  brought  a bo u t  a change from 

a cyc le  of  den ud a t io n  to one of d e p o s i t i o n .  The p resence  of 

Ca tahou la  m a t e r i a l  i n  W i l l i s  beds and th e  p resence  of  i s o l a t e d  

remnants  of  W i l l i s  s t r a t a  over the Fleming ou tc rop  s u g g e s t s  t h a t  

i t  was d e p o s i t e d  seaward from th e  Ca tahou la  s c a r p  by s t reams  t h a t  

had  cut  t h r o u g h  t h i s  c u e s t a .  These s t rea ms  d e p o s i t e d  t h e i r  loa d  

of  c o a r s e  and f i n e  sediment  wide ly  over the f l a t  s u r f a c e  beh ind  

the  s c a r p .  Subsequent  e r o s i o n  has reduced  the  ou tc rop  to  i t s  

p r e s e n t  l i m i t s .

p l e i s t o c e n e  S e r i e s .
. Houston Group*

1
The name Houston was f i r s t  proposed by plumraer fo r  t h e  group

_

Plummer, F.  B . , l o c .  c i t . ,  p. 780.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



81

of fo rm a tio n s  which make up the  P le i s to c e n e  in  th e  Texas Gulf C o a s t .  

The o u tc ro p  of th e  H ouston group in  e a s t e r n  Texas i s  genera lly- 

l im i te d  on the  n o r th  by th e  Hockley s c a rp  and on th e  so u th  by 

Recent beach d e p o s i t .  I t  occu p ies  a c o n t in u o u s  b e l t  from the  

Rio Grande R iver to th e  Sab ine  R iv e r .  E q u iv a le n t  beds a r e  p re se n t  

i n  L o u is ia n a .

The Houston group h a s  been  d iv id e d  i n t o  th e  L is s i e  and 

Beaumont fo rm a t io n s .

L i s s i e  F orm ation .

The L i s s i e  fo rm a t io n  i s  a sequence  of g r a v e l s ,  sa n d s , sandy 

c l a y s ,  and c l a y s ,  and l i e s  above the W i l l i s .  I t  i s  l im i te d  by 

u n c o n fo rm it ie s  a t  b o th  i t s  upper and lower c o n t a c t s  and i s  d i s ­

t i n g u i s h e d  from th e  u n d e r ly in g  W i l l i s  fo rm a t io n  by a g e n e ra l ly  

f i n e r  t e x t u r e  and from th e  overlyi-ng Beaumont fo rm a tio n  by a 

g e n e r a l ly  c o a r s e r  t e x t u r e .

The P le i s to c e n e  age of th e  L i s s i e  i s  s u g g e s te d  by th e  fo l lo w in g
1

l i s t  of L i s s i e  f o s s i l s  p re p a re d  by Plummer r 

_

Plummer, F. B . , l o c .  c i t . ,  p . 787.

T r u c i f e l i s  f a t a l i s  Leidy 
Canis sp .
G is tu a o  m arnock ii Cope 
Lie gat he rium sp.
B iso n  l a t i f r o n s  (H arlan )  
Mastodon s e r r i d e n s  Cope 
G lyptodon p e t a l i f e r u s  Cope 
E lep h as  colurnbi F a lc o n e r  
E lephas p r im ig e n iu s  (Blumen- 

bach)
E lephas  im p e ra to r  Leidy

Equus c o m p lic a tu s  Leidy 
Equus f r a n c i s c i  Hay 
Equus c re n id e n s ?  Cope 
Equus ta u ?  Owen 
Equus s e ra ip l ic a tu s  Cope 
Equus e x c e ls u s  Leidy 
Equus o c c i d e n t a l i s ?  Leidy 
Came l i d  
Ox
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D i s t r i b u t i o n  and T h ick n e ss .

The o u tc ro p  o f  th e  L i s s i e  i s  co n tin u o u s  a c ro s s  th e  Texas 

C o a s ta l  P l a i n .  In  a  g e n e ra l  way, th e  in n e r  l i m i t  o f  th e  o u tc ro p  

i s  a t  the  f o o t  o f  th e  Hockley s c a r p ,  bu t in  the  l a r g e r  s tream  

v a l l e y s  i n  th e  e a s t e r n  p a r t  o f  th e  s t a t e  i t  ex ten d s  f a r t h e r  n o r th  

i n  tongues  which co v e r  th e  W il l is  and p a r t  o f  th e  F lem ing . T h is  

c o n d i t io n  i s  shown c l e a r l y  on the g e o lo g ic  map o f  Texas p u b l is h e d  

i n  1937.

W ells di’i l i e a  n e a r  th e  so u th e rn  l i m i t  o f  th e  L i s s i e  o u tc ro p

show a  combined th ic k n e s s  o f  more th a n  1000 f e e t  f o r  th e  L i s s i e

and W i l l i s  fo rm a tio n s  i n  th e  v i c i n i t y  o f  H a r r i s  County. The

amount t h a t  be lo n g s  to  th e  W i l l i s  and L i s s i e  r e s p e c t i v e l y  ca n n o t

be de te rm ined  s in c e  w e l l - c u t t i n s s  do n o t  show a r e c o g n iz a b le
1

d i f f e r e n c e  between th e s e  f o rm a t io n s .  Plummer a t t r i b u t e s  a t h i c k -  

_ _

Plummer, F . B . ,  l o c .  c i t . ,  p .  783.

n e s s  o f  600 f e e t  to  the  L i s s i e  i n  e a s t e r n  Texas and 400 f e e t  i n  

so u th w e s te rn  T exas. The combined th ic k n e s s  o f  the  p o s t-F le m in g  

s t r a t a  i n  the  Amerada P e tro leu m  C o rp o ra t io n ’ s No. 1 Houston Farms 

Development Company w e l l  l o c a te d  in  s o u th e rn  B ra z o r ia  County n e a r  

th e  modern sho re  l i n e  i s  2060 f e e t .  A gain i t  i s  not p o s s i b l e  to  

d e te rm ine  how much o f  t h i s  b e lo n g s  to  th e  L i s s i e  and how much t o  

th e  W i l l i s  and Beaumonte

L i th o lo g y .

The l i s s i e  beds a r e  g r a v e l ,  sand , sandy c la y  and c l a y .  Sand
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p re d o m in a te s ,  making up more than  50 p e r  c e n t  o f  the fo rm a t io n .

The amount o f  g r a v e l  i s  l e s s  th an  e a r l y  d e s c r i p t i o n s  o f  th e  form ­

a t i o n  i n d i c a t e  b ec au se  W i l l i s  beds were th e n  in c lu d e d .  P ro b a b ly  

n o t  more th a n  15 p e r  cen t o f  the L i s s i e  i s  g ra v e l  and some e s t im a te s  

a r e  c o n s id e ra b ly  l e s s  th a n  t h i s .  Plummer s t a t e s  t h a t  the  L i s s i e

1 .
Plummer, F . B . , loc*  c i t . ,  p .  785.

n i s  made up o f abou t 50 p e r  ce n t sand , 20 p e r  ce n t sandy c l a y ,
2

10 p e r  cen t g r a v e l ,  and 10 p e r  c e n t  c l a y ” . B a i le y  has  d e s c r ib e d

2 e
B a i le y ,  T. L . ,  l o c .  c i t . ,  p .  102.

th e  fo l lo w in g  L i s s i e  s e c t i o n  lo c a te d  on th e  w est bank o f  th e  

Colorado R iv e r  o n e - f o u r th  m ile  n o r th  of Garwood, Texas:

L i s s i e  ( p o s s ib ly  Beaumont):
P a le  y e l lo w is h  to  p in k i s h ,  s l i g h t l y  c a lc a r e o u s ,  

m edium -gra ined , lo o s e  sand , which i s  g r e a t l y  
c ro ss -b ed d e d  and c o n ta in s  n e a r  the m id d le  o f  
th e  bed a t h i n  l a y e r  w i th  p in k i s h  c a lc a re o u s  
c o n c re t io n s  up to  3 c e n t im e te r s  i n  d ia m e te r  -  -  -  8:f

L i s s i e :
B row nish-red  to o range , m edium -gra ined , a r e n ­

aceous and a r g i l l a c e o u s , n o n -c a lc a re o u s  
g r a v e l  c o n ta in in g  a number of l a r g e  rounded 
c la y  lumps - - - - - - - - - - - - - - - - - - -  2 ’ to  3 '

C oarse , c ro s s -b e d d e d ,  g r a v e l ly  sand w ith  a few 
s t r e a k s  o f  s l i g h t l y  c a lc a re o u s  re d  c la y  -  -  -  -  5*

Sandy g r a v e l s  w i th  p e b b le s  up to 2 in c h e s  in  
d ia m e te r  and a  few le n s e s  up to  8 in c h e s  t h i c k  
o f  b ro w n ish - re d ,  la m in a te d  c l a y ,  to  w a te r Ts 
edge a t  low s ta g e  - - - - - - - - - - - - - - -  6*

T o ta l  - - - - - - - - - - - - - - - - - - - -  28*

The sands a re  q u a r tz o s e ,  f r e q u e n t ly  cemented w ith  c l a y ,  and 

a r e  c ro ss -b e d d e d . Red, o ran g e , b u f f  and g ray  a r e  th e  common c o lo r s
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o f  th e  L i s s i e  s a n d s .  The g r a v e l s  o ccu r  i n  l e n s e s ,  and the  p eb b le s  

a r e  composed o f  c h e r t  and q u a r tz ,  and sometim es f rag m en ts  o f  igneous 

and metam orphic r o c k s .

L i s s i e  c la y s  a r e  m o t t l e d  r e d ,  o ran g e , g re e n ,  b lue  and g ra y .

They resem b le  the  Beaumont c la y s  but make up a much s m a l le r  p r e ­

p o r t i o n  o f  the  fo rm a tio n  th a n  th e y  do i n  th e  Beaumont.

C o n d i t io n s  o f  D e p o s i t io n .

The fauna o f  th e  L i s s i e  a t  the o u tc ro p  shows t h a t  i t  i s  non­

m arin e  i n  o r i g i n .  S tream s which cu t th ro u g h  th e  W i l l i s  c u e s ta  de­

p o s i t e d  a l l u v i a l  fan s  w hich  c o a le sc e d  to form  a co n t in u o u s  d e b r i s  

ap ro n  b e h in d  the  c u e s t a .  This was l a i d  down upon th e  eroded  s u r f a c e  

o f  th e  y / i l l i s . L i s s i e  sa n d s  were a l s o  d e p o s i te d  in  the gaps and i n  

t e r r a c e s  in  f r o n t  o f  th e  W i l l i s  c u e s ta .  Southward th e s e  a l l u v i a l  

d e p o s i t s  merge in to  d e l t a i c  and m arine d e p o s i t s .  Marine s h e l l  f r a g ­

ments a r e  found th ro u g h o u t th e  L i s s i e  i n  w e l l  s e c t i o n s  n e a r  th e  modern 

sh o re  l i n e  and m arine m i c r o f o s s i l s  a r e  r e p o r te d  to  be p r e s e n t  in  some

o f  th e  s h a le  b e d s .
1 2

B a i le y  and Plummer b e l i e v e  t h a t  th e  a l l u v i a t i o n  d u r in g  L i s s i e

_ _

B a i le y ,  T. L . ,  l o c .  c i t . ,  pp . 111-113 .

2 .
Plummer, P . B . ,  l o c .  c i t . ,  pp . 784-785.

tim e was a d i r e c t  r e s u l t  o f  g l a c i a t i o n .  The co a rse  d e p o s i t s  o f  th e  

L i s s i e  i n d i c a t e  t h a t  th e  C o a s ta l  P l a i n  s trea m s  o f  t h a t  t im e were 

v e ry  v ig o ro u s .  T h is ,  i n  t u r n ,  may mean a  very  humid c l im a te  whieh 

co u ld  have been a r e s u l t  o f  a g l a c i a l  epoch . However, i t  i s  n o t
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s u f f i c i e n t  to  p r e d ic a t e  su c h  a  th e s i s  m ere ly  on the f a c t  t h a t  c o a rse  

sed im en ts  were d e p o s i te d ,  f o r  th e  P l io c e n e  c o n ta in s  sed im ents  e q u a l ly  

a s  c o a r s e .  A lthough th e  P le i s to c e n e  was g e n e r a l ly  humid because  o f  

th e  g l a c i a l  epochs, th e  L i s s i e  t im e  i n t e r v a l  p ro b ab ly  in c lu d e s  b o th  

g l a c i a l  and i n t e r g l a c i a l  epochs .

Beaumont Formati o n .

The Beaumont i s  a sequence  o f  c la y s  and f i n e  sa n d s ,  and i t  

o c c u p ie s  a b e l t  a lo n g  th e  o u te r  b o rd e r  o f  th e  Texas C o a s ta l  P l a i n .

I t  in c lu d e s  a l l  s t r a t a  above the L i s s i e  and below the  R ecent de­

p o s i t s .  Both upper and lo w er  c o n ta c t s  a r e  u n co n fo rm ab le . The 

Beaumont i s  d i s t i n g u i s h e d  from the  L i s s i e  by i t s  much g r e a t e r  c la y  

c o n te n t  and by th e  ab sen ce  o f  g r a v e l .  I t  i s  a l s o  u n l ik e  th e  L i s s i e  

i n  the  s t r u c t u r e  o f  some o f  th e  sand b o d ie s .  S u rfac e  ex p o su res  

o f  sand i n  the  Beaumont o f  e a s t e r n  Texas a re  l a r g e l y  c o n f in e d  to  

lo n g  narrow  b e l t s  which a r e  b e l ie v e d  to  be abandoned d i s t r i b u t a r i e s .

D i s t r i b u t i o n  and T h ic k n e ss .

The Beaumont o c c u p ie s  a  con tinuous b e l t  a lo n g  the  b o rd e r  o f  

th e  C o a s ta l  P l a in  from  th e  Rio Grande R iv e r  to  the  Sabine R iv e r .

T h is  b e l t  i s  from 40 to  50 m ile s  wide i n  e a s t e r n  T exas. L ike  the  

L i s s i e ,  i t  e x te n d s  n o r th w ard  i n  i r r e g u l a r  tongues  i n  th e  m ajor 

s t re a m  v a l l e y s .  The e q u iv a le n t  o f  the  Beaumont i s  a l s o  found i n  

L o u i s i a n a .

A lthough  the  B eaum on t-L iss ie  c o n ta c t  can r a r e l y  be e s t a b l i s h e d
1

beyond q u e s t io n  i n  w e l l  s e c t i o n s ,  Plummer e s t im a te s  t h a t  th e  t h i c k -  

_ _

Plummer, F . B .,  l o c .  c i t . ,  p .  788.
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n e s s  o f  th e  Beaumont v a r i e s  between 450 f e e t  and 900 f e e t  and t h a t  

th e  av e ra g e  th ic k n e s s  i s  700 f e e t .  These e s t im a te s  appear t o  be 

r e a s o n a b le  i n  view of th e  f a c t  t h a t  the combined th ic k n e s s  o f  p o s t -  

Flem ing s t r a t a  i s  a p p ro x im a te ly  2000 f e e t  i n  so u th e rn  B ra z o r ia  

County and ap p ro x im a te ly  1200 f e e t  i n  c e n t r a l  K a r r i s  County.

L i th o lo g y .

The Beaumont i s  composed o f  c a lc a re o u s ,  m o t t le d  c la y s  and sand  

and s i l t .  The c la y s  p redom ina te  in  e a s t e r n  T exas, co m p ris in g  a s  

much as  80 per  c e n t  o f  th e  e n t i r e  fo rm a tio n  i n  some p l a c e s .  More 

sand has  been r e p o r te d  to  be p r e s e n t  i n  th e  Beaumont o f  so u th w e s te rn  

T exas .

The c la y s  a re  r e d ,  p in k ,  g re e n ,  t a n ,  b lu e ,  and g ra y .  I n  most
1

p la c e s  th e y  a re  p l a s t i c  and  c a lc a r e o u s .  B a i le y  made th e  fo l lo w in g  

_ _

B a i le y ,  T. L . ,  l o c .  c i t . ,  t a b l e  4 .

a n a l y s i s  o f  a sample ta k en  from  tb e  w est bank o f  th e  Colorado R iv e r

n in e  m i le s  s o u th e a s t  o f  Garwood, Texas:

Clay 79 p e r  c e n t  C hert t r a c e
C a lc i t e  10 p e r  c e n t  S p id o te  "
C a lca reo u s  n o d u le s  7 p e r  c e n t  H ornblende "
Q uartz  2 p e r  c e n t  L im on ite  "
H em atite  1 p e r  c e n t  M a g n e ti te  ”
F e ld sp a r  1 p e r  c e n t  M uscovite  M
A p a t i t e  t r a c e  Z irco n  "
B a r i t e  t r a c e  Carbonaceous ”

m a t te r
B i o t i t e  t r a c e  Chara stem s 11

The sands i n  e a s t e r n  Texas a r e  l i g h t - c o l o r e d ,  q u a r tz o s e  and 

v a ry  from f in e  to  medium i n  t e x t u r e .  The sands i n  so u th w e s te rn  

Texas a r e  somewhat f e l d s p a t h i c .
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C o n d i t io n s  o f  D e p o s i t io n .
1

B a rto n  has  shown t h a t  th e  Beaumont o f  e a s t e r n  Texas was form ed

T.
B a rto n ,  Donald C .,  D e l t a i c  C o a s ta l  P l a i n  o f  S o u th e a s te rn  Texas:

B u l l .  G-. S .  A . ,  v o l .  41, pp . 359-382, 1930.

l a r g e l y  by th e  c o a le s c e n c e  o f  d e l t a s  o f  th e  B razo s , T r i n i t y ,  Heebies, 

and S a b in e  R iv e r s .  Low, sandy , d e n d r i t i c a l l y - b r a n c h i n g  r i d g e s  

have been i n t e r p r e t e d  a s  o ld ,  abandoned d i s t r i b u t a r i e s .  These 

d i s t r i b u t a r i e s  e x te n d  in la n d  a lm o s t to  th e  B eaum on t-L iss ie  c o n t a c t .

The Beaumont i s  n o t  e n t i r e l y  d e l t a i c ,  how ever, f o r  m arin e  and 

la g o o n a l  d e p o s i t s  a r e  i n t e r s t r a t i f i e d  w i th  th e  d e l t a  d e p o s i t s .  

F o ra m in i f e r a  and s h e l l  f ra g m e n ts  a re  found i n  th e s e  m arine  b e d s .

C o a s ta l  P l a i n  s trea m s were l e s s  v ig o ro u s  d u r in g  Beaumont tim e th a n  

d u r in g  th e  p re c e d in g  epoch and much o f  th e  sed im ent was l a i d  down 

a s  t r u e  d e l t a  d e p o s i t s  i n  the g u l f .

Recent S e r i e s .

R ecent d e p o s i t s  have many d i f f e r e n t  f a c i e s  i n  Texas and L o u i s i a n a .  

At the  sh o re  l i n e  betw een the Rio Grande and S ab ine  R iv e r s ,  b a r r i e r  

b each , la g o o n a l ,  and e s t u a r i n e . d e p o s i t s  a r e  b e in g  form ed. Dune san d s  

and a l l u v i a l  sands and c la y s  have been  d e p o s i t e d  i n  l a r g e  q u a n t i t i e s  

i n  so u th w e s te rn  Texas d u r in g  Recent time w h ile  so u th e rn  L o u is ia n a  

h a s  been th e  s i t e  o f  d e l t a ,  m arsh , and a l l u v i a l  p l a i n  d e p o s i t i o n .  

Contem poraneously  m arine s a n d s ,  sandy s h a le s  and s h a le s  a re  b e in g

d e p o s i t e d  i n  t h e  G u lf  o f  M exico.

Modern c o n d i t io n s  o f  d e p o s i t i o n  a r e  s i g n i f i c a n t  b ecau se  th e y  

r e f l e c t  c o n d i t io n s  a s  th ey  must have b een  many t im e s  d u r in g  th e  

Cenozoic e r a .  S im ple d e s c r i p t i o n s  such as  " d e l t a  d e p o s i t s ” o r
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" a l l u v i a l  p l a i n s "  a s  a p p l i e d  to  tlie  e n t i r e  non -m arine  p o r t i o n  o f  a 

fo rm a t io n  must be i n c o r r e c t*  P ro b a b ly  no G ulf  C oast T e r t i a r y  form a­

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

to  make up ev e ry  fo rm a t io n .

The l i m i t e d  a r e a l  e x t e n t  o f  the n o n -m arin e  f aci.es o f  R ecen t 

d e p o s i t s  over the  l a r g e  a r e a  between s o u th e rn  L o u is ia n a  and th e  dune 

a r e a  i n  so u th w e s te rn  Texas i s  n o te w o rth y . R ecen t d e p o s i t s  a r e  a l l  

b u t  a b se n t  in  t h i s  r e g io n  a few m ile s  fack  from th e  shore  l i n e .  T h is
^  4*ln A 4" *5 -rv» A* M A ^  AW A A 4 4* A W AA.« M 4» A W) A ^  TTT A 1 1 a. A A 4*4 A VI A •**« Ao u u w o  uELa.o a. oixx ia a .l7j.x io  u o p u c i u  c i i u u u a i f o r c u .  xx i W o n  d o G  u i u u d  xuci^y

have no e q u iv a le n t  i n  th e  o u tc ro p .  I t  i s  t h e  w r i t e r 1s t h e s i s  t h a t  

t h i s  was th e  c o n d i t io n  d u r in g  Upper H e te r o s t e g in a  and D is c o rb is  t im e .  

The sh o re  l i n e  d u r in g  i t s  maximum advance i n  l a t e  H e te ro s te g in a  tim e 

was a v e ry  s h o r t  d i s t a n c e  n o r th  o f  Tom ball. C o n t in e n ta l  d e p o s i t io n  

th e n ,  a s  now, was l i m i t e d  to a  v e ry  narrow  b e l t ,  and th e  C o a s ta l  

P l a i n  was b e in g  e ro d e d  i n  the a r e a  now o cc u p ied  by  th e  o u tc ro p .

Thus, a  h i a t u s  marks th e  e q u iv a le n t  p o s i t i o n  o f  Upper H e te r o s t e g in a  

and D is c o rb is  s t r a t a  i n  the  o u tc ro p  a s  i t  does R ecen t s t r a t a  a  few 

m i le s  i n l a n d  from  th e  modern sho re  l i n e .

G eolog ic  H is to r y .
P r e - T e r t i a r y .

The p r e - T e r t i a r y  h i s t o r y  o f  th e  C o a s ta l  P l a i n  i n  the  v i c i n i t y  

o f  H a r r i s  County, T exas, i s  e n t i r e l y  c o n j e c t u r a l .  D ep o s i ts  o ld e r  

th a n  th e  T e r t i a r y  a r e  beyond re a c h  w ith  p r e s e n t  d r i l l i n g  m ethods, 

and c o n c lu s io n s  on th e  e a r l y  h i s t o r y  o f  t h i s  a r e a  m ust, t h e r e f o r e ,  

be b ased  on ev id en ce  found f a r t h e r  in la n d  where th e s e  o ld e r  r o c k s  

have been p e n e t r a t e d  by  the  d r i l l  o r  a r e  exposed  a t  th e  s u r f a c e .
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T his r e g io n  must have been a  p a r t  o f  the L la n o r i a  lan d  mass 

d u r in g  th e  P a le o z o ic  e r a .  The so u rc e  o f  th e  d e p o s i t s  which f i l l e d  

th e  O u ach ita  g e o s y n c l in e  was a la n d  mass tow ard th e  s o u th ,  and 

s in c e  the b u r ie d  O uach ita  s t r u c t u r e  now o ccu p ie s  a p p ro x im a te ly  the  

p o s i t i o n  o f  th e  in n e r  boundary o f  th e  C o a s ta l  P l a i n  in  Texas, th e  

c o n c lu s io n  t h a t  the  c e n t r a l  and e a s t e r n  p a r t s  o f  th e  Texas C o a s ta l  

P l a i n  was a p a r t  o f  t h a t  g r e a t ,  p o s i t i v e  lan d  mass seems u n e sc ap a b le .  

T h is  i s  c o r ro b o ra te d  by th e  f a c t  t h a t  a w e l l  i n  Guadalupe County, 

T exas, went d i r e c t l y  ou t o f  T ra v is  Peak ( T r in i ty )  beds i n t o  th e  

c r y s t a l l i n e  basem ent. The P a le o z o ic  h i s t o r y  o f  t h i s  a r e a  u n t i l  th e  

t im e  o f  th e  o rogeny , th e n ,  was p re d o m in a te ly  one o f  r e p e a te d  u p l i f t  

and a lm o s t co n tin u o u s  d e g r a d a t io n .

The main s trea m s  flow ed n o rth w ard  d u r in g  P a le o z o ic  t im e , b e a r ­

in g  sed im en ts  which f i l l e d  th e  g e o s y n c l in e  to  a  maximum d ep th  of

more th a n  25,000 f e e t .

The g e o lo g ic  h i s t o r y  between th e  time o f  the  O uach ita  orogeny

and th e  b eg in n in g  o f the C re taceous  p e r io d  i s  o b s c u re .  Non-marine

T r i a s s i c  beds have been mapped i n  the Panhandle o f  Texas and i n  

West T exas, and m arine J u r a s s i c  beds o u tc ro p  in  H udspeth  County, 

b u t th e s e  beds a r e  a l l  a h s e n t  i n  the  r e g io n  o f  the L lano  u p l i f t ,  

and i n  w e l l  s e c t io n s  i n  Guadalupe County. The J u r a s s i c  s e a s  t h a t  

d e p o s i te d  the  beds i n  H udspeth County invaded  from  th e  s o u th ,  and 

a l th o u g h  t h i s  sea  may have t r a n s g r e s s e d  over what i s  now th e  so u th ­

e rn  b o rd e r  o f  the  C o a s ta l  P l a i n  and y e t  d id  n o t r e a c h  th e  v i c i n i t y  

o f  Guadalupe County and th e  L lano  a r e a ,  ev idence  t o  i n d i c a t e  t h a t  

such was th e  case  i s  l a c k in g .

Age o f  Gulf Coast S a l t  D e p o s i t s . — Numerous s a l t  p lu g s  have
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p ie r c e d  th e  o ld e r  C o a s ta l  P l a i n  se d im en ts  and a rch e d  up th e  younger 

s t r a t a  i n  p a r t s  o f  Texas, L o u is ia n a ,  and M is s i s s ip p i  to  form th e  

w ell-know n G ulf C oast s a l t  domes.

The age  of th e  so u rce  beds fo r  th e s e  s a l t  p lu g s  i s  unknown.

E a r ly  s p e c u la t io n  on t h i s  p roblem  fav o red  th e  assignm ent o f  th e

s a l t  t o  th e  Perm ian c h i e f l y  b ecau se  the g r e a t  s a l t  d e p o s i t s  o f  West

Texas were known to  be  o f  t h a t  a g e .  A la rg e  p o r t i o n  o f  contempo-
1

r a r y  o p in io n  s t i l l  f a v o r s  su c h  a  c o r r e l a t i o n .  Spooner i n  con-

Spooner, W. C ., O il and Gas Geology o f  the  G ulf C o a s ta l  P l a i n  i n  
A rk a n sas :  Ark. G eol. S u rv .  B u l l .  2 , pp . 20-21, 1935.

e lu d in g  t h a t  th e  s a l t  must have been d e p o s i te d  d u r in g  Perm ian t im e , 

i s  im p ressed  by e v e n ts  which he b e l i e v e s  must have t r a n s p i r e d  a f t e r  

th e  u p l i f t  i n  e a r l y  Perm ain  t im e . He rea so n s  t h a t  th e  e l e v a t i o n  

o f  th e  O uach ita  M ountains must have been "concom itan t w ith  d e p re s s io n  

o f  L l a n o r i a ” i n  e a r l y  Perm ian  t im e .  The Perm ian p e n e p la n a t io n  o f  

th e  m ountainous r e g io n  m ust th e n  have been c o in c id e n t  w i th  d e p o s i­

t i o n  in  th e  r e g io n  o f  o ld  L l a n o r i a .  Spooner th en  conc ludes  t h a t  

" i f  th e  assum ption  o f  a  Perm ian  sed im en tary  b a s in  i s  a d m it te d ,  th e  

s a l t  i n  n o r th e r n  L o u is ia n a  and e a s t e r n  Texas i s  most l o g i c a l l y  

c o r r e l a t e d  w ith  the Perm ain  s e r i e s " .  While t h i s  l i n e  o f  re a so n in g  

i s  a  d e f i n i t e  c o n t r i b u t io n  toward th e  s o l u t i o n  o f  t h i s  p roblem , the  

a s su m p tio n  o f  a Perm ian sed im en ta ry  b a s in  h e re  and the  assum ption  

t h a t  Perm ian d e p o s i t io n  means s a l t  d e p o s i t io n  i s  n o t  i n e v i t a b l e .

The p re se n c e  o f  f o s s i l  a lg a e  i n  the  s a l t  a t  Markham dome, 

M atagorda County, Texas, which a r e  b e l ie v e d  to  be i d e n t i c a l  w ith
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1
a lg a e  found  e lsew here  i n  th e  Perm ian was P o w e r s 'b a s i s  f o r  a s s ig n ­

or:---------------- ---------- ----------------------------------------------------------------------------------
Pow ers, S idney , I n t e r i o r  S a l t  domes o f  Texas, Geology o f  S a l t  

Dome O il  F i e l d s :  Amer. A ssoc . P e t r o l .  G e o l . ,  p .  218, 1926.

in g  th e  s a l t  t o  t h e  P erm ian . S ch u ch e r t  q u e s t io n e d  the  r e l i a b i l i t y

o f  a lg a e  a s  s t r a t i g r a p h i c  m arkers  on the  ground t h a t  th e y  a re

p o o r ly -p r e s e r v e d  and s lo w ly -e v o lv in g .

The a l t e r n a t i v e  to  th e  above p o s s i b i l i t y  i s  th e  ass ignm en t o f
2

th e  s a l t  to  a p o s t-P e rm a in -p re -N a v a r ro  a g e .  S ch u ch e r t  i s  convinced

2 .
S c h u c h e r t ,  C h a r le s ,  H i s t o r i c a l  Geology o f  the  A n t i l l e a n -C a r ib b e a n  

R eg ion : John W iley and Sons I n c . ,  p p . 290-291, 1955.

”on th e  b a s i s  o f  f a c i e s  and f a u n a l  changes p lu s  p a leogeog raphy ,

t h a t  Perm ian fo rm a tio n s  a t  th e  s u r f a c e  i n  c e n t r a l  and w es te rn  Texas

can n o t e x te n d  u n d e r  cover of th e  C re taceo u s  a s  f a r  e a s t  a s  the-

p r e s e n t  G ulf b o r d e r ,  and he has on d i f f e r e n t  o c c a s io n s  s a id  t h a t

th e  s a l t  p ro b a b ly  comes from  th e  o ld e r  p a r t  o f  th e  Comanchean s e r i e s ” . 
3

Brown i n  a  d e t a i l e d  p a p e r ,  which ap p ro ach es  th e  problem  th ro u g h  a

3 .
Brown, Levi S . ,  Age o f  th e  Gulf B order S a l t  D e p o s i t s :  A. A. P . G.

B u l l . ,  v o l .  18, n o . 10, pp . 1227-2186, 1934.

g e n e r a l  s tu d y  o f  th e  o r i g i n  o f  s a l t  d e p o s i t s ,  pa leo g eo g rap h y , and 

i n c lu s io n s  i n  cap r o c k ,  c o n s id e r s  th e  C re taceous  age o f  th e s e  

d e p o s i t s  p roven  though he a s s ig n s  a d i f f e r e n t  age to  the s a l t  i n  

each  o f  th e  s e v e r a l  b a s i n s .  B a r to n ,  i n  a  rev ie w  o f  Brown’s p ap e r ,  

v e ry  l o g i c a l l y  q u e s t io n s  the  v a l i d i t y  o f  Brown’ s c r i t e r i a ,  p o in t in g  

ou t i n  p a r t i c u l a r  t h a t  i n c l u s i o n s  o f  N avarro  s t r a t a  in  th e  cap rock
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do n o t  e s t a b l i s h  th e  N avarro  age o f  th e  cap ro c k ,  bu t t h a t  th e y  

r a t h e r  p rove a p re -N a v a rro  a g e .  B a r to n  c o n s id e r s  th e  age o f  t h e

17----------------------------------------- ------------“ — — -----------------------------------------
B a rto n ,  Donald C ., M echanics o f  F orm ation  o f  S a l t  Domes w ith  

S p e c ia l  R efe rence  to  G ulf C oast Domes o f  Texas and L o u is ia n a :
A. A. P . G. B u l l .  v o l .  17, no . 9 , pp . 1045-50, 1933.

m other s a l t  d e p o s i t  unknown b u t b e l i e v e s  t h a t  i t  m ust be a t  l e a s t

as  o ld  a s  e a r l y  Comanchean because  ” Glen Rose has  been  b ro u g h t up

by th e  Boggy Creek dome, Anderson and Cherokee C o u n tie s ,  Texas” .

He a l s o  p o in t s  out t h a t  " b a s a l  Lower C re taceous  r e s t s  on the  to p

o f  th e  s a l t  a t  Smackover, U nion County, A rkansas” .

The N avarro i n c lu s io n s  m entioned  above were found i n  the  South

L ib e r ty  dome which i s  a s h o r t  d i s t a n c e  e a s t  o f  H a r r i s  County. T h is

p ro v es  t h a t  the  s a l t  i n  th e  g u l f  b o rd e r  a r e a  i s  p re -N a v a rro  w h ile

th e  Glen Rose i n c lu s io n s  a t  Boggy Creek prove a  p re -G len  Rose age

f o r  the  s a l t  o f  the  i n t e r i o r  b a s i n .  With on ly  such in c o n c lu s iv e

d a ta  on t h i s  problem , a s o l u t i o n  i s  no t p o s s ib le  a t  th e  p r e s e n t  t im e .

C re taceo u s  S e a s . — Most o f  th e  e p e i r i c  seas  had w ithdraw n from

the  c o n t in e n t  by the  end o f  the J u r a s s i c ,  and th e  e n t i r e  Texas G ulf

Coast may have been above s e a  l e v e l .

The C re taceous  se a s  advanced f a r  in l a n d ,  c o v e r in g  much o f  T exas.

The minimum e x te n t  o f  the seas  which d e p o s i te d  the  s e v e r a l  Comanchean
2

and Upper C re taceous  g ro u p s  have been  shown by Adkins . The maximum

_ _  _____

S e l l a r d s ,  E. H . , A dkins, W. S . ,  and Plummer, F . B . ,  The Geology 
o f  Texas: The U n iv . o f  Texas B u l l .  no . 3232, p .  277 and  p .  403,

1932.
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advance o f  t h i s  p e r io d  was d u r in g  A u s t in  t im e . The se a s  w ithdrew  

a t  th e  end o f  the  C re taceo u s  p e r io d  and have n ev e r  s in c e  advanced 

o v e r  c e n t r a l  N orth  America a s  e x t e n s iv e ly  a s  th e y  d id  th e n .

These e p e i r i c  s e a s  d e p o s i te d  l a r g e  amounts o f  l im e s to n e  and 

c h a lk  to g e th e r  w ith  a r e n a c e o u s  and a r g i l l a c e o u s  beds i n  th e  r e g io n  

now o ccup ied  by th e  w e s te rn  p a r t  o f  th e  G ulf C o a s ta l  P l a i n .  That 

th e y  w ithdrew  a t  tim es and th e n  read v an ced  i s  shown by the  uncon­

f o r m i t i e s  i n  the  o u tc ro p p in g  s e c t i o n s .  Whether th e s e  r e g r e s s i o n s  

b ro u g h t th e  sh o re  l i n e  a s  f a r  s o u th  a s  the  o u te r  b o rd e r  o f  th e  

C o a s ta l  P l a i n  or w hether t h e r e  was co n t in u o u s  d e p o s i t io n  h e r e  th ro u g h ­

o u t  C re taceous  tim e i s  unknown.

Cenozoi c.

I n  c o n t r a s t  t o  th e  C re taceous  s e a s ,  th o s e  o f  the  T e r t i a r y  and  

Q u a te rn a ry  t im e  d id  n o t advance f a r  in l a n d ,  and th e y  o s c i l l a t e d  

f r e q u e n t ly ,  r e s u l t i n g  i n  a  c h a r a c t e r i s t i c  i n t e r f i n g e r i n g  o f  m arine 

and non-m arine d e p o s i t s .

The e r a  opened w ith  an advance of the sea  o v er  the  C o a s ta l  

P l a i n  which l a s t e d  d u r in g  a l l  o f  Midway and e a r l i e s t  W ilcox t im e .

The K in ca id  fo rm a tio n  a t  th e  o u tc ro p  r e s t s  unconform ably  on the  

C re ta c e o u s ,  and i t s  b a s a l  s t r a t a  a r e  n e a r - s h o r e ,  s h a l lo w -w a te r  

d e p o s i t s ,  r e c o rd in g  the in v a s io n  of th e  s e a  over th e  p r e v io u s ly  

e roded  C retaceous s u r f a c e .  The W ills  P o in t  s t r a t a  a t  th e  o u tc ro p  

were d e p o s i te d  in  r e l a t i v e l y  d eep  w a te r ,  h u t  th e  S egu in  fo rm a t io n  

i s  a sh a llo w  w a te r  d e p o s i t ,  r e c o r d in g  the b eg in n in g  o f  the r e t r e a t  

o f  th e  s e a .  f o rm a t io n s  above th e  S egu in  o f  the  W ilcox and C la ib o rn e  

g roups a re  a l t e r n a t e l y  c o n t i n e n t a l  and m arine  a t  th e  s u r f a c e ,  and
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th e  Jack so n  i s  p a r t  m arine  and p a r t  n o n -m arin e . The rem ainder o f  

th e  Cenozoic s t r a t a  a t  th e  o u tc ro p  i s  c o n t i n e n t a l ,  b u t  deep w e l ls  

d r i l l e d  in  the v i c i n i t y  o f  H a r r i s  County and o th e r  a r e a s  s i m i l a r l y  

lo c a te d  w ith  r e s p e c t  to  the  p r e s e n t  sh o re  l i n e  show t h a t  many of 

th e s e  beds a re  m arine t h e r e .  The h i s t o r y  o f  th e  Cenozoic se as  i s  

th u s  one of f r e q u e n t  o s c i l l a t i o n s  and a g ra d u a l  w ithd raw al i n  th e  

l a t t e r  p a r t  o f th e  e r a .  The d e t a i l e d  s u c c e s s io n  of p a le o g e o g ra p h ie s ,  

b e g in n in g  w i t h ' t h e  C ro c k e t t ,  h a s  been g iv e n  i n  th e  s e c t io n  on s t r a t i ­

g raphy  and i l l u s t r a t e d  i n  th e  s e r i e s  o f  p a leo g e o g ra p h le  maps.

G ulf C oast G eo sy n c lin e .

The a g g re g a te  t h ic k n e s s  o f  th e s e  T e r t i a r y  and Q u a te rn a ry  s t r a t a  

shows t h a t  d u r in g  Cenozoic time th e  a r e a  now occup ied  by G alves ton  

and B ra z o r ia  C o u n tie s ,  Texas, was d e p re s s e d  a t  l e a s t  30,000 f e e t  

and p ro b a b ly  as much as  35 ,000  f e e t  ( F ig .  S ) . The a r e a  now 

occu p ied  by H a r r i s  County was d e p re s se d  somewhat l e s s .  The g e n e ra l  

p ro c e s s  o f  down-warping was i n t e r r u p t e d  f r e q u e n t l y  by r e v e r s a l s  o f  

movement. These epochs o f  u p l i f t  were p ro b a b ly  b r i e f  i n  com parison 

w ith  th e  p e r io d s  o f  s in k in g  which i s  th e  dominant f a c t o r  in  the  

Cenozoic h i s t o r y  o f  th e  Gulf C o as t .

To e x p la in  t h i s  e x c e s s iv e  s in k in g  o f  the a r e a  a long  the  c o a s t  

by p o s t u l a t i n g  a s i m i l a r  amount o f  s in k in g  o v e r  th e  e n t i r e  a r e a  

o f  th e  G ulf o f Mexico in v o lv e s  two s e r io u s  d i f f i c u l t i e s .  F i r s t ,  

such e x c e s s iv e  d e p re s s io n s  of the e a r t h ’ s s u r f a c e  have been 

a c h ie v e d  i n  so s h o r t  a t im e o n ly  i n  r e l a t i v e l y  lo n g , narrow  b e l t s  

and do n o t  in v o lv e  a r e a s  of the  m agnitude and shape o f  th e  G ulf o f  

Mexico b a s i n .  Such movements, i n  o th e r  w ords , a r e  n o t  e p e i r o g e n ic
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b u t  a r e  th e  i n i t i a l  s t a g e  of* an o ro g en ic  cycle*  Second, i f  the 

e n t i r e  Gulf o f  Mexico b a s in  was d e p re s s e d  30,000 f e e t ,  a b lock  o f  

sed im en ts  20,000 or 25 ,000  f e e t  t h i c k ,  co v e r in g  an a re a  o f  700,000 

sq u a re  m ile s  would be r e q u i r e d  to f i l l  th e  Gulf to  i t s  p r e s e n t  mean 

l e v e l .  Much o f  t h i s  would have to  come from  the b a s in s  o f  the 

M is s i s s i p p i  R iv e r  and a d ja c e n t  s m a l le r  s t r e a m s .  These s trea m s  would 

have had to  f u r n i s h  a wedge o f  sed im en ts  more th a n  30,000 f e e t  t h i c k  

a t  the  c o a s t  and more th a n  18 ,000  f e e t  t h i c k  i n  th e  r e g io n  o f  th e  

S ig sb ee  Deep. This  seems u n l i k e l y  i n  view o f  the f a c t  t h a t  de­

p o s i t i o n  i n s t e a d  of e r o s io n  o c c u r re d  o v er  much o f the  G rea t P l a i n s  

and i n  th e  Lower M is s i s s ip p i  v a l l e y  d u r in g  T e r t i a r y  t im e .

That th e  deg ree  o f  f o r m a t io n a l  th ic k e n in g  in c r e a s e s  m arkedly  

w i th in  50 m i le s  o f  the  p r e s e n t  sho re  l i n e  h as  been shown p r e v io u s ly .  

D ips i n  so u th e rn  H a r r i s  County and i n  G a lv es to n  and Matagorda 

C o u n tie s  a re  much g r e a t e r  th a n  i n  n o r th e r n  H a r r i s  County and in  

Montgomery County. These e x c e s s i v e l y  s te e p  d ip s  a r e  found n o t  o n ly  

i n  t h i s  a r e a  b u t  in  a lo n g  b e l t  a d ja c e n t  to  th e  sh o re  l i n e  in  

e a s t e r n  Texas and L o u is ia n a .

T h is  sudden in c r e a s e  i n  th e  r e g io n a l  d ip  to g e th e r  w ith  th e  ex­

c e s s iv e  th ic k n e s s  o f  th e  T e r t i a r y  se d im en ts  i n d i c a t e  the  p re sen ce  

o f  a g e o s y n c l in e  o f  m ajor d im ensions w ith  i t s  a x i s  e s s e n t i a l l y  

p a r a l l e l  to  th e  shore  o f  th e  Gulf of M exico. G eophysical ev idence

o f  th e  e x i s t e n c e  o f  t h i s  g r e a t  g e o s y n c l in e  has  been p re s e n te d  by
1

B a r to n ,  R i t z ,  and H ickey . In  t h i s  im p o r ta n t  p a p e r ,  the  a u th o rs

 - 6 ___________________________________________________________________________________
1 .

B a r to n ,  Donald C ., R i t z ,  C. H . , and  H ickey , Maude, G u lf  Coast 
G eo sy n c lin e : A. A. P . G. B u l l .  v o l .  17, no . 12, pp . 1446-1458,
1933.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



9 6

g iv e  i n d u b i t a b l e  g e o p h y s ic a l  e v id e n c e  o f  t h i s  g eo sy n c lin e  th e  a x i s  

o f  w hich th e y  p la c e  ap p ro x im a te ly  a t  the  s i t e  o f  th e  p r e s e n t  sh o re  

l i n e .

A lthough  th e  w es te rn  l i m i t  o f  t h i s  s t r u c t u r e  i s  unknown, 

iso p a c h  maps show a d i s t i n c t  th in n in g  o f  some o f  the  fo rm a tio n s  i n  

th e  lo n g i t u d e  o f  M atagorda and Wharton C o u n tie s ,  Texas, and sub­

s u r f a c e  s t r u c t u r a l  maps show a g u lfw ard  component to th e  s t r i k e  a t  

abou t th e  same p l a c e .  While t h e r e  i s  th u s  some re a so n  t o  b e l i e v e  

t h a t  th e  s t r u c t u r e  becomes l e s s  pronounced w est o f  M atagorda County, 

th e  p o s s i b i l i t y  t h a t  i t  does c o n t in u e  sou thw estw ard  b u t w ith  

g e n t l e r  d ip s  or t h a t  th e  a x i s  d iv e rg e s  from  the p r e s e n t  sho re  must 

be c o n s id e r e d .  I t  i s  a l s o  p o s s i b l e  t h a t  t h i s  fo rm a t io n a l  th in n in g  

r e f l e c t s  o n ly  a n o r t h w e s t - s t r i k i n g ,  a n t i c l i n a l  r i d g e .

R ecen t s t u d i e s  on the  Gulf Coast g e o s y n c l in e  i n  L o u is ia n a  have 
1 2  3

been  made by Howe , R u s s e l l  , McGuirt and Mo r e  s i  . Howe e s t im a te s

T.
Howe, Henry V ., L o u is ia n a  P e tro leu m  S t r a t i g r a p h y :  L a . D ep t, o f

C onserv . B u l l .  n o . 27, 1936.

2 .
R u s s e l l ,  R ich a rd  J o e l ,  P h y s io g rap h y  o f  Lower M is s i s s i p p i  R iv er  

D e l t a :  L a . D ep t, o f  Conserv. G eol. B u l l .  n o . 8 , 1936.

3 .
N ote : See b ib l io g ra p h y  in  B u l l e t i n  no . 27 f o r  p ap e rs  by

M cG uirt, M o re s i ,  and p rev io u s  p a p e rs  by Howe.

th e  maximum th ic k n e s s  o f  the Cenozoic i n  so u th e rn  L o u is ia n a  to  be 

a p p ro x im a te ly  31 ,000 f e e t .

The p i c t u r e  o f  th e  s t r u c t u r e  p a r a l l e l i n g  the  c o a s t  i s  com­

p l i c a t e d  by the  n o r t h - s t r i k i n g  M is s i s s i p p i  embayment and bjr o th e r  

much s m a l le r  n o r t h - s t r i k i n g  s y n c l in e s  and a n t i c l i n e s .  The e x a c t
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r e l a t i o n s h i p  o f  th e  Gulf C oast G eosync line  to  th e  M is s i s s ip p i  em- 

bayment i s  y e t  to  be d e te rm in e d .

The Cenozoic h i s t o r y  o f  t h i s  p a r t  o f  th e  Gulf Coast is: l a r g e l y  

th e  po u rin g  o f  sed im ent i n t o  t h i s  s in k in g  t ro u g h .  Both th e  s in k in g  

and th e  s e d im e n ta t io n  was i n t e r r u p t e d  f o r  r e l a t i v e l y  b r i e f  p e r io d s  

o f  tim e by r e v e r s a l s  o f  movement w hich exposed  to  e ro s io n  th e  r e g io n  

now occup ied  by the  G ulf C oast.

O r ig in  o f  G e o sy n c l in a l  D e p re s s io n .

G eosync lines  a r e  e lo n g a te d ,  s e d i m e n t - f i l l e d  d e p r e s s io n s  i n  th e  

e a r t h Ts s u r f a c e .  They may come in to  e x i s t e n c e  i n  one o f  two ways. 

E i t h e r  th e  s u r f a c e  was d e p re s s e d  by th e  w e ig h t o f  ac c u m u la t in g  

s e d im e n ts ,  o r  i t s  lo w er in g  i s  due t o  in d ep en d en t f o r c e s  a r i s i n g  

b e n e a th  th e  s u r f a c e .  The one h y p o th e s is  p la c e s  th e  cause on th e  

e a r t h ’ s s u r f a c e ;  th e  o th e r  p la c e s  the  cause b en e a th  the e a r t h ’ s 

s u r f a c e .  The one a c co u n ts  f o r  th e  p a t t e r n  o f  th e  m obile  b e l t s  i n  

th e  f o r t i t u o u s  w anderings o f  th e  m ajor s t re a m s ;  th e  o th e r  a c c o u n ts  

f o r  t h e  p a t t e r n  o f  th e  m obile  b e l t s  i n  th e  manner o f  c r u s t a l  

y i e ld in g  to  s t r e s s e s  which a r e  caused  by f o r c e s  o r i g i n a t i n g  i n  the  

s u b c r u s t a l  p a r t  o f  th e  e a r t h .

The id e a  t h a t  g e o s y n c l in a l  d e p re s s io n  i s  due to  se d im en ta ry
1

lo a d in g  has found many champions i n  th e  p a s t  and p r e s e n t .  R u s s e l l

x:
R u s s e l l ,  R ich a rd  J o e l ,  l o c .  c i t . ,  pp . 180-193 ,

g iv e s  an h i s t o r i c a l  rev iew  o f  c o n t r i b u t io n s  on t h i s  p rob lem . He 

h im s e l f  a t t r i b u t e s  th e  s in k in g  o f  th e  Gulf Coast G eosyncline  t o  t h i s
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c a u s e .  O ther p ro p o n e n ts  o f  th e  th e o ry  a r e  Howe and t o  a l e s s

2 * 

e x t e n t ,  B a r to n ,  R i t z  and H ickey .

T. “ -------------- -------
Howe, Henry V . , l o c .  c i t .

2.
B a rto n ,  Donald C .,  R i t z ,  C. H . , and H ickey , Maude, l o c .  c i t .

The case  f o r  t h i s  th e o ry  r e s t s  l a r g e l y  on th e  o b s e r v a t io n  t h a t

much o f  the  sed im en t i n  th e  Gulf Coast g e o s y n c l in e  accum ula ted  n ea r

s e a - l e v e l ,  t h a t  maximum su b s id en ce  i s  a t  th e  s i t e  o f  th e  g r e a t

d e l t a s ,  on the f a c t  t h a t  th e  mean o f  o b se rv ed  g r a v i t y  r e a d in g s  on

th e  M is s i s s i p p i  d e l t a  i s  a lm ost z e ro ,  and on th e  b e l i e f  t h a t  th e

th e o ry  o f  i s o s t a s y  s u p p o r ts  i t .

The p ro p o n en ts  o f  t h i s  th e o ry  con tend  t h a t  the  d e p o s i t i o n  o f

th o u san d s  o f  f e e t  o f  T e r t i a r y  and Q u a te rn a ry  s t r a t a  un d er  n e a r  s e a -

l e v e l  c o n d i t io n s  p ro v es  t h a t  the  r a t e  o f  su b s id en c e  i s  a f u n c t io n

o f  the  r a t e  o f  s e d im e n ta t io n .  The su b s id e n c e  m ust, t h e r e f o r e ,  be

a  r e s u l t  o f  th e  s e d im e n ta t io n  fo r  i t  would be h ig h ly  im probab le

t h a t  the e f f e c t s  o f  two u n r e l a t e d  f a c t o r s ,  such a s  th e  r a t e  a t

which s trea m s  b ro u g h t down sed im ent to th e  s i t e  o f  the  g e o s y n c l in e

and f o r c e s  a r i s i n g  i n  th e  e a r t h ’ s i n t e r i o r ,  would -proceed a t  th e
3

same r a t e .  R u s s e l l  s t a t e s  t h a t  i t  would be a ’’m ira c le  t h a t  s e d i -  

3 .
R u s s e l l ,  R ichard  J o e l ,  l o c .  c i t . ,  p .  180 .

m e n ta t io n  sh o u ld  o c c u r  a t  a r a t e  j u s t  s u f f i c i e n t  to  d e p o s i t  a l l  

m a t e r i a l s  f i l l i n g  th e  t r o u g h  n e i t h e r  f a r  above nor f a r  below  se a -  

l e v e l " .
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M iocene, P l io c e n e ,  and P le i s to c e n e  d e p o s i t s  a r e  t h i c k e r  i n  th e  

M is s i s s ip p i  d e l t a  r e g io n  th an  anywhere e l s e  i n  the  G u lf  C oast,  and 

some g e o l o g i s t s  take  t h i s  to  mean t h a t  th e  g r e a t  w e ig h t o f  th e s e  de­

p o s i t s  caused  the in c re a s e d  d e p r e s s io n  which i s  found  h e r e .  F u r th e r ­

m ore, the  l a c k  o f  an  observed  g r a v i t y  anomaly i s  c o n s id e re d  to  i n ­

d i c a t e  a compensated column which means t h a t  a mass o f  ro ck  below, 

e q u a l  to  the mass o f  sedim ent d e p o s i te d  ab o v e , has been removed. I f  

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

F i n a l l y ,  some p ro p o n en ts  o f  th e  se d im e n ta ry  lo a d  h y p o th e s is  

assume the  v a l i d i t y  o f  the  th e o ry  of i s o s t a s y  and m a in ta in  t h a t  

t h e i r  h y p o th e s is  i s  a v a l id  d e d u c t io n  from  the  g e n e ra l  case  to  th e  

p a r t i c u l a r .

Indeed , a b e a u t i f u l l y  s im p le  e x p la n a t io n  o f  g e o s y n c l in a l  de­

fo rm a tio n  a p p e a rs  to  be su p p o r te d  by th e s e  a rg u m e n ts ,  and the  id e a  

has  proven to  be a t t r a c t i v e  to  most w r i t e r s  on th e  G u lf  Coast geo­

s y n c l in e .  But b e fo re  a c c e p t in g  t h i s  th e o ry ,  a  more c r i t i c a l  examina­

t i o n  o f  th e  argum ents su p p o r t in g  i t  should be made a s  w e l l  a s  a 

c o n s id e r a t io n  o f  a l t e r n a t i v e  h y p o th e se s .

The p re se n ce  o f  te n s  o f  thousands of f e e t  o f  sed im ent i n  the  

g e o s y n c l in e ,  a l l  d e p o s i te d  ap p ro x im a te ly  a t  s e a - l e v e l ,  i s  a f a c t  

o f  prime im p o r tan ce . I f  t h i s  means t h a t  th e  volume o f  sed im ent 

b ro u g h t  to  th e  s i t e  o f  the  Gulf Coast g e o s y n c l in e  d u r in g  any i n t e r v a l  

o f  tim e j u s t  e q u a ls  th e  in c r e a s e  i n  th e  volume o f  th e  g e o s y n c l in a l  

t ro u g h  d u r in g  t h a t  same i n t e r v a l  o f  t im e , th e n  a w eigh ty  argument 

h as  indeed  been  advanced to su p p o r t  th e  id e a  t h a t  d e fo rm a tio n  i s  

caused  by th e  w e ig h t of the  se d im e n t .  I t  i s  h ig h ly  im probable t h a t
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t e n s i o n a l  s t r e s s e s  i n  the  c r u s t  o r o th e r  f o r c e s  below  th e  e a r th * s  

s u r f a c e  j u s t  happened to  cau se  a  r a t e  o f su b s id en ce  e x a c t l y  s u f f i c i e n t  

to  accom odate a l l  th e  sed im ent b e in g  brought down by th e  s t r e a m s .  

However, th e  assum ption  t h a t  s e a - l e v e l  d e p o s i t io n  i n  th e  g e o s y n c l in e  

means t h a t  th e  r a t e  a t  which se d im en t i s  t r a n s p o r t e d  to  t h i s  a r e a  

e q u a ls  the  r a t e  o f  d e p re s s io n  r e s t s  on a  f a i l u r e  to  c o n s id e r  a l l  

p o s s i b i l i t i e s .  The r a t e  o f  s e d im e n ta ry  a c cu m u la tio n  a lo n g  th e  G u lf  

b o rd e r  and i n  th e  m argin  o f  th e  G u lf  o f  Mexico may be l e s s  th a n  t h e  

r a t e  o f  g e o s y n c i in a l  d e p re s s io n ,  i t  may e q u a l  th e  r-a te  o f  g e o s y n c l in a l  

d e p r e s s io n ,  o r  i t  may exceed th e  r a t e  o f  g e o s y n c l in a l  d e p r e s s io n .

The f i r s t  ca se  w ould, of c o u rs e ,  r e s u l t  i n  d eep -w a te r  d e p o s i t i o n .  

Eocene beds i n  th e  g eo sy n c lin e  may b e  d eep -w a te r  d e p o s i t s ,  b u t  m ost 

o f  th e  p o s t-V ic k s b u rg  beds were s u r e l y  d e p o s i te d  n e a r  s e a - l e v e l  o r  

w av e -b ase . The second case  would r e s u l t  i n  n e a r  s e a - l e v e l  d e p o s i t i o n ,  

and p ro p o n e n ts  o f  th e  sed im en ta ry  lo a d  th e o ry  conc lude , t h e r e f o r e ,  

t h a t  th e  sh a l lo w  w a te r  d e p o s i t s  i n  t h e  g e o sy n c l in e  i n d i c a t e  t h a t  g eo ­

s y n c l i n a l  d e p r e s s io n  d id  n e c e s s a r i l y  p ro ceed  a t  th e  same r a t e  as  th e  

t r a n s p o r t a t i o n  o f  sedim ent to  the  G u lf  o f  Mexico. A c o n s id e r a t i o n  o f  

th e  t h i r d  p o s s i b i l i t y ,  however, shows the  f a l l a c y  o f  t h i s  c o n c lu s io n .  

I f  sed im ent was b ro u g h t to  the G u lf  o f  Mexico f a s t e r  than  th e  r a t e  

o f  g e o s y n c l in a l  d e p r e s s io n ,  th en  t h e  t ro u g h  would be f i l l e d  to  s e a -  

l e v e l  o r  w ave-base, depending  upon th e  e x a c t  p o s i t i o n  o f  th e  s t r a n d  

l i n e  w ith  r e s p e c t  to  th e  g e o s y n c l in e ,  and the e x c e ss  lo a d  would be 

c a r r i e d  by wave a c t i o n  and c u r r e n t s  beyond th e  g e o sy n c l in e  s in c e  i t  

b o rd e r s  upon an open b a s in .  Under th e s e  c o n d i t io n s ,  th e n ,  n e a r  s e a -  

l e v e l  d e p o s i t io n  would occur i n  th e  s t r u c t u r a l  t ro u g h  and th e  a p p e a r ­

ance o f  th e  s t r a t i g r a p h i c  column would be th e  same a s  though th e
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volume o f  sed im ent b ro u g h t  d o m  a t  any p a r t i c u l a r  i n t e r v a l  o f  time 

d id  e q u a l the  in c r e a s e  i n  th e  volume o f  th e  t ro u g h  d u r in g  t h a t  same 

i n t e r v a l  o f  t im e .

The l a r g e  amount o f  sand i n  the  m arin e , p o s t - H e te r o s te g in a  

fo rm a tio n s  a t  th e  modem shore  l i n e  shows t h a t  sed im en t was by­

p a s se d  beyond th e  a x i s  o f  th e  t r o u g h .  F u rth e rm o re , th e  g e n t l e  

s lo p e  o f  the sea  f l o o r  so u th  of th e  g e o s y n c l in e  s u g g e s ts  a  d e p o s i -  

t i o n a l  s u r fa c e  a s  f a r  a s  the 100 fathom  l i n e  w hich, i n  p l a c e s ,  i s  

150 m i le s  so u th  o f  the  supposed  p o s i t i o n  o f  th e  a x i s  o f  th e  geo­

s y n c l i n e .  The f a c t  t h a t  s a l t  comes as  e l e v a te d  to p o g ra p h ic  f e a t u r e s  

on th e  .sea f l o o r  a r e  l a r g e l y ,  i f  not e n t i r e l y ,  a b s e n t  from t h i s  

g e n t l e  s lo p e ,  b u t  a r e  co n sp ic u o u s ly  p r e s e n t  beyond i t ,  i s  b e s t  ex­

p l a in e d  by assum ing t h a t  th e y  have been t r u n c a te d  by wave and c u r r e n t  

a c t i o n  and covered  by r e c e n t  sed im en t. This s u b s t a n t i a t e s  th e  

i n t e r p r e t a t i o n  o f  t h i s  g e n t le  s lo p e  as  a d e p o s i t i o n a l  s u r f a c e .

Good re a so n  th u s  e x i s t s  f o r  b e l ie v in g  t h a t  a g r e a t e r  volume of 

sed im ent was t r a n s p o r t e d  to  th e  Gulf sh o re  l i n e  d u r in g  T e r t i a r y  

tim e th a n  th e  g e o s y n c l in e  p ro p e r  cou ld  h o ld  and t h a t  th e  e x c e ss  was 

c a r r i e d  by waves and c u r r e n t s  beyond th e  g e o s y n c l in e  in to  th e  open 

b a s in  o f  th e  G ulf o f  Mexico, and th e  c o n c lu s io n  t h a t  n e a r  s e a - l e v e l  

d e p o s i t io n  o f  l a r g e  amounts of sedim ent i n  th e  g e o s y n c l in e  i n d i c a t e s  

t h a t  g e o s y n c l in a l  d e p r e s s io n  proceeded  a t  th e  same r a t e  a s  th e  t r a n s ­

p o r t a t i o n  of sed im ent to  th e  s i t e  o f  th e  g e o s y n c l in e  i s  no t j u s t i f i e d .

T h is  c o n d i t io n  o f  an ex cess  o f  sed im en t e x i s t e d  i n  o th e r  geo- 

s y n c l i n e s .  The A p p a la ch ian  g e o sy n c lin e  was no t a b le  to  accomodate 

a l l  th e  sedim ent b ro u g h t  to  i t  d u r in g  th e  P a le o z o ic  e r a .  The
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P a le o z o ic ,  c l a s t i c  sed im en ts  i n  th e  a r e a  now o cc u p ied  by t h e  s t a t e s  

w est o f  th e  A ppalach ian  M ountains r e p r e s e n t s  th e  e x c e s s  eroded  from 

Old A p p a lach ia  and c a r r i e d  seaw ard  beyond th e  g e o s y n c l in e .  I f  th e  

w eigh t o f  a c cu m u la t in g  sed im ent cou ld  cause d e fo rm a t io n ,  th e r e  would 

be no d e p o s i t i o n  o f  co a rse  c l a s t i c  sed im en ts  seaward from th e  

s t r u c t u r a l  t ro u g h .  This f a c t  i t s e l f  r e f u t e s  the  main argument 

f r e q u e n t l y  advanced by p ro p o n e n ts  o f  th e  se d im e n ta ry  lo a d  th e o ry .

The f a c t  t h a t  M iocene, P l io c e n e ,  and P l e i s t o c e n e  d e p o s i t s  a r e  

t h i c k e s t  i n  th e  M is s i s s ip p i  d e l t a  r e g io n  does n o t r e q u i r e ,  a s  p ro ­

p o n e n ts  o f  th e  se d im e n ta ry  lo a d  th e o ry  co n ten d , t h a t  th e  s u p e r i o r  

w eigh t of t h i s  g r e a t  body of sed im ent caused the  e x c e s s iv e  sub­

s id e n c e .  E q u a l ly  p o s s i b l e  i s  th e  a l t e r n a t i v e  -  t h a t  the  M is s i s s ip p i  

B iv e r  and th e  d e l t a  g o t t h e i r  p o s i t i o n s  as  a r e s u l t  o f  e x c e s s iv e  

s u b s id e n c e .  The t h i c k  se d im en ta ry  ac cu m u la tio n  co u ld , t h e r e f o r e ,  

be th e  r e s u l t  o f  down-warping r a t h e r  th a n  the  cause  o f  i t .

The f a c t  t h a t  g e o p h y s ic a l  i n v e s t i g a t i o n s  have shown t h a t  th e  

ob se rv ed  g r a v i t y  anomaly on the d e l t a  i s  a lm o s t ze ro  i s  v e ry  im­

p r e s s i v e  u n t i l  a l lo w an ce  i s  made f o r  v a r i a t i o n s  i n  s u r f a c e  d e n s i t i e s .
1

Bucher has  shown th e  im p o r ta n t  i n f lu e n c e  o f  abnorm al d e n s i t i e s  c lo s e  

_ _

Bucher, W alte r  H . ,  D efo rm ation  o f  th e  E a r t h ' s  C ru s t :  P r in c e to n
U n iv .  P r e s s ,  pp . 30-35 , 1923.

to  th e  s u r f a c e  on o bse rved  v a lu e s  o f g r a v i t y .  He p o in t s  o u t t h a t  

" s in c e  g r a v i t a t i v e  a t t r a c t i o n  v a r i e s  i n v e r s e l y  a s  th e  sq u a re  o f  the 

d i s t a n c e ,  a heavy ro c k  mass im m ed ia te ly  b enea th  a s t a t i o n  w i l l  

r e g i s t e r  an e x c e ss  o f  g r a v i t y  o v er  t h a t  o f  su r ro u n d in g  c r u s t a l  

columns o f  eq u a l e l e v a t i o n  and e q u a l  mean d e n s i t y " .  A l i g h t  ro ck
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mass a t  th e  s u r f a c e  w i l l ,  o f  c o u r s e ,  have the  o p p o s i t e  e f f e c t  on 

th e  observed  g r a v i t y  v a lu e s .

T his  e f f e c t  o f  v a r i a t i o n s  i n  ro ck  d e n s i t y  upon o b se rv ed  g r a v i t y  

v a lu e s  has been r e c o g n iz e d ,  a s  Bucher o b se rv e s ,  by g e o l o g i s t s  and 

g e o d e s i s t s  fo r  some tim e , and i t  must no t be ig n o re d  i n  th e  i n t e r ­

p r e t a t i o n  o f  observed  v a l u e s .  The g r a v i t y  r e a d in g s  on the  M is s i s s ip p i

d e l t a  must be c o n s id e re d  i n  th e  l i g h t  o f  t h i s  f a c t .
i

In  d i s c u s s in g  the  M i s s i s s i p p i  d e l t a ,  Bucher s t a t e s  t h a t  ”i f  the

U
. B ucher, W alte r  H . , l o c .  c i t . ,  p .  33 .

column b en e a th  th e  d e l t a  were i n  i s o s t a t i c  e q u i l ib r iu m ,  th e  l i g h t ,  

u n c o n s o l id a te d  sed im en ts  o f  a t  l e a s t  the  upper p a r t  o f  the  d e l t a  

sh o u ld  r e g i s t e r  a s t r o n g  n e g a t iv e  anomaly . . .  I f  the d e l t a  con­

s t i t u t e d  a l o c a l ,  e s s e n t i a l l y  eau idem ensiona l body, th e  absence  o f  

such  s t r o n g  n e g a t iv e  an o m alies  would mean t h a t  t h e r e  i s  an ex cess  

o f  mass below, t h a t  i s ,  th e  c r u s t  i s  no t i n  e q u i l ib r iu m  and t h a t  

th e  d e l t a  c o n s t i t u t e s  an e x c e s s  lo a d .  I f ,  on th e  o t h e r  hand , i t s  

shape approached t h a t  o f  a  t h i n  s h e e t  of l a r g e  h o r i z o n t a l  d im ensions ,

i t s  d i f f e r e n t i a l  e f f e c t  on the  v a lu e  o f  g r a v i t y  would be n e g l i g i b l e ' ’ .

The f a c t  t h a t  th e  M is s i s s i p p i  d e l t a  has a g r e a t  t h i c k n e s s  i s  a d m itte d

by p ro p o n en ts  o f  th e  se d im en ta ry  lo a d  th e o ry .  S in ce  th e  observed
2

g r a v i t y  re a d in g s  approach  ze ro  ( -0 .0 0 5  dyne) , i t  would ap p ear  t h a t

_______
B ucher, W alte r  H .,  l o c .  c i t . ,  p .  33.

th e  whole column which in c lu d e s  th e  M is s i s s ip p i  d e l t a  i s  n o t  com-
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p e n s a te d .  The se d im en ta ry  lo a d  th e o ry ,  however, r e q u i r e s  n e a r  com­

p e n s a t io n  a t  a l l  t im e s .  S u b c ru s ta l  movement and su b s id e n ce  must 

keep pace w ith  s e d im e n ta t io n .  F a i lu r e  to  do so would r e s u l t  i n  a

p r o g r e s s iv e ,  seaward movement o f  th e  shore  l i n e  and no l o c a l i z a t i o n  

o f  s e d im e n ta t io n  ov er  lo n g  p e r io d s  o f  time would r e s u l t .  The f a c t  

t h a t  the  M is s i s s ip p i  R iv e r  has  b u i l t  o u t  i t s  d e l t a  a s  much a s  100 

m i le s  so u th  o f  th e  p o s i t i o n  of th e  sh o re  l i n e  on the  e a s t  and w est 

shows c l e a r l y  t h a t  su b s id en ce  has no t r e c e n t l y  k ep t  pace  w ith  se d i~  

m e n ta t io n .  G ra v i ty  s t u d i e s  on the M is s i s s ip p i  d e l t a ,  t h e r e f o r e ,  do 

n o t  su p p o r t  th e  id e a  t h a t  th e  w e ig h t  of accu m u la tin g  sed im en ts  causes  

th e  d e p re s s io n  of th e  g e o s y n c l in a l  t ro u g h .

Some g e o lo g i s t s  b e l i e v e  t h a t  the  sed im en ta ry  lo a d  th e o ry  i s  

n e c e s s a r i l y  a consequence of the  th e o ry  of i s o s t a s y .  The r e a l i t y  o f  

i s o s t a t i e  changes i s  n o t q u e s t io n e d  h e r e .  The c o n t ro v e r s y  ab o u t 

i s o s t a s y  i s  the  e x te n t  to  which th e  d e fo rm a tio n  of the e a r t h ’ s c r u s t  

can be a t t r i b u t e d  to i t .

That th e  mechanism o f  se d im en ta ry  lo a d in g  a s  th e  ca u se  o f  deform­

a t i o n  r e q u i r e s  a lm ost p e r f e c t  com pensation  a t  a l l  t im e s  i s  conceded 

by p ro p o n en ts  o f  t h i s  th e o ry  . But such a mechanism i s  p r e d ic a te d

IT
R u s s e l l ,  R ichard  J o e l ,  l o c .  c i t . ,  p .  184.

upon a  la c k  of i n h e r e n t  s t r e n g t h  in  the  c r u s t  o f  the  e a r t h .  Even 

g e o d e s i s t s  concede t h a t  th e  c r u s t  i s  a b le  to  bea r  an e x c e s s  lo a d  o f  

600 f e e t  o f  ro ck  b e fo re  f a i l i n g .  Geologic d a ta  i n d i c a t e  t h a t  t h i s  

lo a d  i s  more l i k e l y  to  be m easured in  thousands of f e e t  r a t h e r  than
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1 2
hundreds * R u s s e l l  p o i n t s  to the su b s id e n c e  o f  th e  c o n t in e n t  u n d e r  

—

B ucher, W alter H . , l o c .  c i t . ,  p p . 3 4 -35 .

2 .
R u s s e l l ,  R ich ard  J o e l ,  l o c .  c i t . ,  p .  189.

th e  w eigh t o f  an i c e  cap as  d i r e c t  e v id e n c e  t h a t  a s u p e r f i c i a l  lo a d  

ca u ses  c r u s t a l  s u b s id e n c e .  However, the d e p r e s s io n  o f  th e  c r u s t  i n  

a lo n g ,  narrow  b e l t  f o r  t e n s  o f  th ousands  o f  f e e t  cannot be com­

p a re d  to  the  r e l a t i v e l y  s l i g h t  su b s id en ce  o f  th e  n e a r ly  e q u i d i -  

m e n s io n a l ,  g l a c i a t e d  r e g io n s .  The v e ry  f a c t  t h a t  the i c e  sp re a d  

o u t  over  l a r g e  a r e a s  on the c o n t in e n t  r a t h e r  th a n  d ep ressed  th e  

c r u s t  a long  deep , narrow  tro u g h s  a d ja c e n t  to  th e  f o c a l  p o in t s  o f  

th e  g l a c i e r  i s  ev id en ce  a g a in s t  th e  t h e s i s  t h a t  su b s id en ce  i s  th e  

e f f e c t  o f  s e d im e n ta t io n .

While i s o s t a s y  can r e s t o r e  e q u i l ib r iu m ,  t h e r e  i s  no ev id en ce  

to  show t h a t  i t  can e f f e c t  th e  r e v e r s e .  When e q u i l ib r iu m  has been 

e s t a b l i s h e d  and th e  g e o sy n c lin e  h as  been f i l l e d  to  s e a - l e v e l ,  th e  

s i t e  o f  d e p o s i t io n  sh o u ld  change. This i s  n o t  th e  case  i n  th e  G ulf  

C oast g e o sy n c lin e  f o r  d e p re s s io n  has  been l o c a l i z e d  i n  t h i s  one p la c e  

th ro u g h o u t m ost,  i f  n o t  a l l ,  of T e r t i a r y  t im e .

The case  a g a in s t  th e  se d im en ta ry  lo a d  th e o ry  does n o t  r e s t  

e n t i r e l y  on th e  f a i l u r e  o f  th e  argum ents in te n d e d  to su p p o r t  i t ;  

t h e r e  a re  a t  l e a s t  f o u r  o th e r  f a c t s  w hich a r e  n o t com patib le  w ith  

th e  th e o ry .  H i r s t ,  i f  th e  w eight o f  a c cu m u la t in g  sed im en ts  c a u se s  

down-warping, th e  maximum th ic k n e s s  o f  a fo rm a t io n  which has b o th  a 

m arin e  and non-m arine f a c i e s  should be a t  th e  sh o re  l i n e  of t h a t
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fo rm a t io n .  A s u b s t a n t i a l  p o r t io n  o f  th e  T e r t i a r y  fo rm a t io n s  re a c h  

t h e i r  maximum th ic k n e s s  f a r  so u th  o f  th e  shore  l i n e  o f  t h a t  t im e . 

Second, th e  sed im en ta ry  lo a d  th e o ry  does  n o t  accoun t f o r  the  r e ­

v e r s a l s  o f  movement e v id e n t  d u r in g  T e r t i a r y  and Q u a te rn a ry  t im e .

T h ird ,  t h i s  th e o ry  does n o t account f o r  th e  ocean ic  deeps which a re  

g e o s y n c l in e s  w i th o u t  a sed im en ta ry  f i l l .  F o u r th ,  i t  does n o t acco u n t 

f o r  the  f a i l u r e  o f  a g eo sy n c lin e  to d e v e lo p  around the  m arg ins  o f 

th e  Canadian S h ie ld  even though t h i s  was a p e r s i s t e n t  la n d  mass and 

sh o re  l i n e  s e d im e n ta t io n  must have o c c u r re d .

F o rm a tio n a l  th ic k e n in g  as  f a r  so u th  as  Bammel i n  n o r t h - c e n t r a l  

H a r r i s  County has  been  p roven  fo r  fo rm a t io n s  as  o ld  as  th e  Cook 

M ounta in . The Bammel a r e a  i s  s u f f i c i e n t l y  c lo s e  (a p p ro x im a te ly  15 

m i le s )  to  the  edge of th e  g eo sy n c l in e  i n  so u th e rn  H a r r i s  County where 

th e  rem arkab le  in c r e a s e  i n  th e  d e g re e  o f  fo rm a t io n a l  th ic k e n in g  b e g in s  

t h a t  one may s a f e l y  assume t h a t  Cook M ountain beds a r e  in v o lv e d  in  

th e  g e o s y n c l in e .

The maximum th ic k n e s s  o f  th e  Cook M ountain fo rm a t io n s  a t  the  

o u tc ro p  in  e a s te r n  Texas where the  g roup  i s  p a r t  m arine  and p a r t  non­

m arine i s  700 f e e t ,  w hereas , i n  the Bammel a re a  75 m ile s  so u th ,  

where i t  i s  e n t i r e l y  m a rin e , th e  group i s  more th a n  1500 f e e t  t h i c k .  

The Yegua beds a r e  from 1200 to  1240 f e e t  t h i c k  in  n o r th e r n  Mont­

gomery County which i s  th e  av e ra g e  p o s i t i o n  of th e  sh o re  l i n e  d u r in g  

Yegua t im e .  I n  c e n t r a l  H a r r i s  County, 50 m ile s  from  th e  shore  l i n e ,  

th e  Yegua i s  more th a n  1400 f e e t  t h i c k .  The av e ra g e  p o s i t i o n  o f  the  

sh o re  l i n e  f o r  th e  Jack so n  i s  a t  th e  o u tc ro p  o r  a s h o r t  d i s t a n c e  

la n d w a rd .  The J a c k so n  i s  a p p ro x im a te ly  900 f e e t  th i c k  th e r e  b u t  i t
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i s  1380 f e e t  t h i c k  i n  so u th w e s te rn  H a r r i s  County 80 m i le s  from  the 

o ld  sh o re  l i n e .  The s e a  r e t r e a t e d  th ro u g h o u t the d e p o s i t io n  o f  th e  

Tex t u l a r i a  w arren i Beds and t h e i r  e x a c t  c o n t i n e n t a l  e q u iv a le n t  i s  

n o t  d e f i n i t e l y  known. The sh o re  l i n e  d u r in g  B rio  tim e was i n  the  

g e o s y n c l in e .  The M a rg in u l in a « H e te r o s t e g in a , and D is c o rb is  zones 

were d e p o s i te d  i n  a t r a n s g r e s s i v e - r e g r e s s i v e  sea  and th e re  p ro b ab ly  

i s  no c o n t in e n t a l  e q u iv a le n t  o f  th e  u p p er  p a r t  o f  th e s e  b ed s .  The 

C a tah o u la  sho re  l i n e  was i n  th e  g e o sy n c lin e  b u t  th e  C atahoula  does 

n o t  th ic k e n  a p p r e c ia b ly  tow ard i t j  th e  th ic k n e s s  o f  t h i s  fo rm a tio n  

rem ain s  n e a r ly  c o n s ta n t .  The shore  l i n e  f o r  Flem ing and p o s t -  

F lem ing d e p o s i t s  was i n  the  g e o s y n c l in e .  Thus, f o r  a l l  post-W eches 

f o rm a t io n s ,  th e r e  seems to  be no r e l a t i o n  betw een fo rm a t io n a l  t h i c k ­

en in g  and p a leo g eo g rap h y . Whenever th e  shore  l i n e  was n o t  i n  the  

g e o s y n c l in e ,  th e  fo rm a t io n  th ic k e n e d  toward th e  g e o s y n c l in e  and no t 

tow ard th e  shore  l i n e .  T h is  would n o t  be ex p ec ted  i f  su b s id en ce  was 

due to  s e d im e n ta t io n .

A y e t  more s t r i k i n g  ca se  than  t h i s  of l a c k  o f  r e l a t i o n s h i p  be­

tween sh o re  l i n e s  and maximum su b s id en ce  i s  th e  W ich ita  g e o s y n c l in e  

o f  Oklahoma. The A rbuck le  l im e s to n e  t h i n s  w i th o u t  a change o f  f a c i e s  

from  i t s  maximum th ic k n e s s  o f  6000 o r  8000 f e e t  a t  th e  s i t e  o f  the 

m oun ta ins  to  1000 f e e t  o r  l e s s  southward i n  Texas and northw ard  i n  

K an sas .  C e r t a in ly  th e  maximum th ic k n e s s  o f  t h i s  fo rm a tio n  i s  n o t 

o b ta in e d  i n  a d e l t a i c  o r  sh o re  l i n e  f a c i e s  b u t  a t t a i n s  i t s  maximum

i n s t e a d  i n  th e  m arine l im e s to n e  and d o lo m ite  f a c i e s .  Though Howe 
1

and R u s s e l l  c o n f id e n t ly  b e l i e v e  " t h a t  d ra in a g e  p a t t e r n s  de te rm in e  

_ _

R u s s e l l ,  R ich ard  J o e l ,  l o c .  c i t . ,  p .  193.
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f u t u r e  c o u rse s  o f  m o u n ta in s” , e a r l y  P a le o z o ic  d ra in a g e  p a t t e r n s  had

n o th in g  w hatever to  do w i th  d e te rm in in g  th e  p o s i t i o n  o f  th e  W ich ita  
M o u n ta in s .

The mechanism p i c t u r e d  by th e  se d im e n ta ry  lo a d  th e o ry  ca n n o t 

ac co u n t  f o r  th e  epochs o f  u p l i f t  i n  a r e a s  where su b s id e n c e  and s e d i ­

m e n ta t io n  has  been the  g e n e ra l  r u l e .  The h i s t o r y  o f  a l l  g e o s y n c l in e s  

h a s  been marked by r e l a t i v e l y  s h o r t  p e r io d s  o f  u p l i f t  du ring  th e  

i n i t i a l  s ta g e  o f  th e  o ro g e n ic  cy c le  when down-warping was p re d o m in a te .  

T hat t h i s  i s  a l s o  t r u e  o f  th e  Gulf Coast g e o s y n c l in e  and th e  G ulf 

C oast i n  g e n e ra l  i s  shown by u n c o n fo rm it ie s  i n  th e  s e c t i o n ,  by f l u c ­

t u a t i o n s  i n  th e  sh o re  l i n e ,  and by th e  p re se n c e  o f  submarine canyons 

i n  th e  Gulf o f  M exico. The u n c o n fo rm it ie s  i n  th e  s e c t i o n  and th e  

s u c c e s s io n  o f  p a le o g e o g ra p h ie s  have been t r e a t e d  e lsew h ere  i n  t h i s  

p a p e r .  N otab le  r e t r e a t s  o f  the  s e a  o c c u rre d  j u s t  a f t e r  th e  c lo s e  o f  

th e  Ja ck so n  and d u r in g  U pper H e te r o s te g in a  and D is c o rb is  t im e . The 

b a s a l  C atahou la  c o n ta c t  i s  marked by a m ajo r  u n co n fo rm ity  and the  

r e g io n  occup ied  by th e  g e o s y n c l in e  must have been  u p l i f t e d  c o n s id e r ­

a b ly .  R ecen t u p l i f t  i s  shown by the e n tre n c h ed  s tream s found e v e ry ­

where on the  c o a s t .  S tream s i n  n o r th e r n  H a r r i s  County a r e  e n tre n ch e d  

a s  much a s  85 f e e t .  The p a le o g eo g ra p h ic  s t u d i e s  o f  Moody i n  L o u is ia n a

_ _

Moody, C. L . ,  T e r t i a r y  H is to ry  o f  Region o f  S ab ine  U p l i f t ,  L o u is ia n a :  
A. A. P .  G. B u l l .  v o l .  15 , no . 5 , pp . 531-551, 1931

show t h a t  th e  sh o re  l i n e  th e r e  f l u c t u a t e d  hundreds o f  m ile s  and must 

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

The subm arine canyon sou th  o f  th e  mouth o f  th e  M is s i s s ip p i  R iv e r
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1
i s  ev id en ce  o f  u p l i f t , .  Shepard  r e l a t e s  t h i s  t ro u g h  to  e u s t a t i c

T.
Shepard , F ra n c is  P . ,  " S a l t "  Domes R e la te d  to  M is s i s s ip p i  Submarine 

Trough: B u l l ,  G. S . A. v o l .  48 , pp. 1549-1362, 1957.

changes i n  s e a - l e v e l  due to  g l a c i a t i o n  and d e g l a c i a t i o n  and sub­

se q u en t  su b s id en ce  o f  the r e g io n ,  b u t the r e l i e f  o f  the canyon i s  too 

g r e a t  to  be accoun ted  f o r  in  t h i s  way. A c r o s s - s e c t i o n  drawn where 

th e  2 4 0 0 -fo o t con tour c ro s s e s  th e  bottom  o f  th e  canyon shows more than  

1800 f e e t  o f  r e l i e f .  Shepard ac co u n ts  f o r  t h e  f l a t  bo ttom  o f  t h i s  

t ro u g h  by mud f i l l ,  p o in t in g  o u t  t h a t  the  p r o f i l e  s lo p e  i s  th e  same 

a s  th e  a n g le  of rep o se  f o r  mud. A p r o j e c t i o n  o f  th e  s lo p e  of the  

canyon w a lls  shows t h a t  the bottom  o f  th e  canyon must have been  a t  

l e a s t  600 f e e t  below the  p r e s e n t  l e v e l  of th e  mud. T h is  g iv e s  a  r e ­

l i e f  o f  2400 f e e t  f o r  th e  canyon a t  t h i s  p o i n t .  F a r th e r  so u th  th e  

r e l i e f  was p ro b ah ly  g r e a t e r .  I f  t h i s  i s  to  be accoun ted  f o r  by changes 

i n  s e a - l e v e l  due to  g l a c i a t i o n ,  a lo w e r in g  of s e a - l e v e l  o f  more th a n  

2400 f e e t  i s  r e q u i r e d .  S ince  th e  o cean ic  a r e a s  a re  2 .6  t im es  th e  la n d  

a r e a s  and s in c e  on ly  a sm all f r a c t i o n  of th e  la n d  a re a s  n o t  now covered  

by g l a c i e r s  were covered  by P le i s to c e n e  i c e  s h e e t s  a t  any one t im e , i t  

i s  obv ious  t h a t  th e  av e rag e  th ic k n e s s  o f th e  i c e  s h e e ts  would have to 

be many tim es  2400 f e e t  to  cause  th e  e r o s io n  o f  th e  submarine canyon 

so u th  of th e  mouth o f  th e  M is s i s s i p p i  R iv e r .  A th ic k n e s s  many t im es  

g r e a t e r  than  t h a t  i n d ic a t e d  by p r e s e n t  i c e  s h e e t s  and by p h y s io g ra p h ic  

o b s e rv a t io n s  i n  th e  n o r th e r n  m ountain  r e g io n s  would be r e q u i r e d .  An 

a p p e a l  to u p l i f t  of th e  g e o s y n c l in a l  a r e a  seems i n e v i t a b l e .

These epochs o f  r e v e r s a l  of movement i n  th e  g e o s y n c l in e ,  i n -
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d ic a t e d  by u n c o n f o r m i t i e s ,  sh o re  l i n e  m ig r a t io n s ,  e n tre n ch e d  s t re a m s ,  

and  th e  submarine canyon a r e  opposed to  the b a s ic  t e n e t s  o f  t h e  

s e d im e n ta ry  lo a d  th e o ry .

An obv ious argum ent a g a i n s t  t h i s  th e o ry  i s  t h a t  many s t r u c t u r a l  

t ro u g h s  cou ld  n o t have b een  cau sed  by the  w eigh t o f  a c cu m u la tin g  

sed im en ts  because th e y  c o n ta in  no s e d im e n t .  These, o f  c o u rse ,  a re  

th e  ocean d e e p s .
1

I t  i s  i n t e r e s t i n g  to  n o te  t h a t  R u s s e l l  , i n  lo o k in g  to  " th e

1 .
R u s s e l l ,  R ich ard  J o e l ,  l o c .  c i t . ,  p .  189.

g r e a t  l a b o r a t o r y  o f  N a tu re"  which he recommends i n  p r e f e r e n c e  to  th e  

" l e s s e r  l a b o r a t o r i e s  o f  man", ap p e a le d  to  th e  r e l a t i v e l y  s l i g h t  con­

t i n e n t a l  su b s id en c e  u n d er  th e  w eight o f  an i c e  s h e e t  when he could  

have had th e  S ig sb ee  Deep which i s  much more com parable to  th e  Gulf 

Coast g e o s y n c l in e  i n  shape , amount o f  su b s id e n c e ,  and g e o g ra p h ic  

p o s i t i o n .  I n  f a c t ,  th e  S ig sb e e  Deep and th e  Gulf Coast g e o s y n c l in e  

may be co gna te  s t r u c t u r e s .  On th e  so u th  s i d e  o f  th e  S ig sbee  Deep, 

th e  s lo p e  i s  more th a n  11 ,000  f e e t  i n  l e s s  th a n  50 m i l e s .  Yet th e re  

i s  no sed im en ta ry  lo a d  to  d e p r e s s  t h i s  s t r u c t u r e .  O bviously  the  

th e o ry  f a i l s  i n  t h i s  case  and h a s  to be l i m i t e d  t o  s t r u c t u r e s  f i l l e d  

w ith  se d im e n t .  The f a c t  t h a t  a  s t r u c t u r a l  t ro u g h  i s  o r  i s  n o t  f i l l e d  

w ith  sed im ent depends o n ly  upon i t s  geog raph ic  s e t t i n g  and th e r e  i s  

no r e a s o n  to  suppose t h a t  d i f f e r e n t  c a u se s  m ust be a t t r i b u t e d  to  th e  

fo rm a tio n  o f  e a c h .  I f  one h as  t o  appea l to  a d i f f e r e n t  cause  f o r  th e  

o c e a n ic  d e e p s ,  a cause t h a t  cou ld  a l s o  accoun t f o r  a l l  the  ty p e s  o f
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g e o s y n c l in e s ,  th en  th e  case  in  fa v o r  of t h a t  th e o ry  i s  s t ro n g  because  

d u a l ism  i n  sc ie n c e  has  r a r e l y ,  i f  e v e r ,  conformed w ith  r e a l i t y .

F i n a l l y ,  th e  f a i l u r e  of a g eo sy n c lin e  to d ev e lo p  around the  

m arg in s  o f  th e  Canadian S h ie ld  i s  u n a c c o u n ta b le  by th e  sed im en ta ry  

lo a d  th e o r y .  There were f o u r  main la n d  m asses i n  N o rth  America d u r in g  

P a le o z o ic  time -  A p p a la c h ia ,  C ascad ia , L l a n o r i a ,  and th e  Canadian 

S h i e l d .  E p e i r i c  s e a s  r e p e a te d l y  la p p ed  up on the  f la n k s  o f  a l l  o f  

th e s e  s t r u c t u r e s .  S tream s c a r r i e d  sed im ent from  each  of th e se  la n d  

m asses  i n t o  th e  s e a s .  D e l t a s  and o th e r  sho re  l i n e  f e a t u r e s  must 

have been  formed on the  m arg ins  of ea c h .  A l l  th e  re q u ire m e n ts  fo r  

th e  fo rm a t io n  o f  a g e o s y n c l in e ,  acco rd in g  to  th e  se d im e n ta ry  lo a d  

th e o r y ,  were p r e s e n t  a t  th e  m arg ins  of a l l  f o u r  lan d  m asses . Yet no 

g e o s y n c l in e  was formed a d j a c e n t  to  th e  Canadian S h ie ld .  One cannot 

e scap e  th e  c o n c lu s io n ,  t h e r e f o r e ,  t h a t  som ething  more than  a s e d i ­

m en ta ry  lo a d  i s  r e q u i r e d  to  o r i g i n a t e  and d ev e lo p  a  g e o s y n c l in e .

C o n tra ry  to  t h i s  l a t t e r  t h e s i s ,  one m igh t con tend  t h a t  th e re  ?/as 

no g r e a t  amount o f  sed im en t removed from  th e  Canadian  S h ie ld  d u r in g  

P a le o z o ic  tim e and t h a t  th e  b o u n d a r ie s  of t h i s  la n d  mass la c k e d  

d e f i n i t i o n  w i th  the  r e s u l t  t h a t  th e  sh o re  l i n e  f l u c t u a t e d  w idely  

p r e v e n t in g  lo n g -c o n t in u e d  l o c a l i z a t i o n  o f  s e d im e n ta t io n .  There i s  no 

r e a s o n ,  however, t o  assume t h a t  a g r e a t  d e a l  o f  th e  in o rg a n ic  sedim ent 

th ro u g h o u t  th e  c e n t r a l  p a r t  o f  th e  c o n t in e n t  was n o t  d e r iv e d  from  th e  

C anadian  S h ie ld .  I f  sed im ent cou ld  d e p re s s  th e  c r u s t ,  a g e o sy n c lin e  

would s u r e l y  have o r i g i n a t e d  a t  th e  s i t e  o f  th e  e a r l y  P a le o z o ic  sho re  

l i n e s  around  th e  Canadian S h ie ld  and t h i s  would have g iven  d e f i n i t i o n  

to  th e  la n d  m ass. I n s t e a d ,  however, th e  W ich ita  g e o s y n c l in e  was
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formed hundreds  o f  m ile s  so u th  of the  sho re  l i n e  a s  i s  shown by the  
A rb u ck le  l im e s to n e .

I n  -view o f  the f a i l u r e  of the  se d im e n ta ry  lo a d  th e o ry  to  accoun t 

f o r  th e  o b se rv ed  f a c t s  and th e  a p p a re n t  a b sen ce  of any  o th e r  cause on 

th e  e a r t h ’ s s u r f a c e ,  we must lo o k  f o r  a cause  o f  g e o s y n c l in a l  d e p re s s ­

io n  b e n e a th  th e  s u r f a c e .

Many h y p o th e ses  have been  fo rm u la te d  co n cern in g  th e  n a tu r e  o f  

th e  p r o c e s s e s  below th e  e a r t h ’ s s u r f a c e  which le a d  to  th e  fo rm a tio n  

o f  g e o s y n c l in e s .  Here a g a in  two a l t e r n a t i v e s  e x i s t .  E i th e r  geo- 

s y n c l in e s  a r i s e  a s  concommitant f e a t u r e s  more or l e s s  s im u l ta n e o u s ly  

w i th  th e  fo rm a t io n  o f  fo ld e d  m ounta ins  i n  th e  course  o f  a co n tin u o u s  

p ro c e s s  o f  c r u s t a l  d e fo rm a tio n ,  o r  th e y  come in to  e x i s te n c e  independ­

e n t l y ,  th ro u g h  a s e t  o f  f o r c e s  d i f f e r e n t  from  and p o s s i b l e  opposed to  

th o se  which cause  the  f o ld in g  o f  m o u n ta in s .  Most g e o l o g i s t s  f a v o r

th e  fo rm er v iew . But th e  o re se n c e  o f  so consp icuous  a g e o sy n c lin e  as
1

t h a t  h e re  d is c u s s e d  w i th o u t  a c o r re sp o n d in g  ”w e l t” o f  m ounta ins  ad -  

_ _

B ucher, W a lte r  H . , l o c .  c i t . ,  p p .  4 -5 .

j o in i n g  i t ,  seems to the  w r i t e r  to be co n v in c in g  p ro o f  t h a t  n o t a l l  

g e o s y n c l in e s ,  and c e r t a i n l y  n o t t h i s  one, have formed a s  a b y -p ro d u c t  

o f  the  p ro c e s s  which r a i s e s  w e l t s .

Of a t t e m p ts  to accoun t f o r  th e  p re se n ce  of g e o s y n c l in e s  in d e ­

p e n d e n t ly  of w e l ts  and fo ld e d  m o u n ta in s ,  th e  w r i t e r  w ishes  to  m ention  

two which fo l io ? /  r a d i c a l l y  d i f f e r e n t  l i n e s .

G eo sy n c lin e s  form on th e  m a rg in s  of e a r t h  " b l i s t e r s "  a c c o rd in g
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1
to  R ich  , which r e s u l t  from l o c a l  s u b c r u s t a l  h e a t in g  p o s s i b ly  due to

R ich , John L . ,  A Mechanism fo r  the  I n i t i a t i o n  o f  G eo sy n c lin es  and 
G eo-B asins ; A b s t r a c ts  o f  p a p e rs  o f f e r e d  a t  th e  f i f t i e t h  an n u a l 
m e e tin g  o f  the G. S . A . ,  1937.

l o c a l  ex cess  o f  r a d i o a c t i v e  m a t t e r .  I s o s t a s y  comes in to  p la y  when 

e r o s io n  removes th e  top  from  the h ig h  a re a  ( i n  th e  ca se  o f  the  Gulf 

C oast g e o s y n c l in e  presum ably  the a d jo in in g  p a r t  o f  th e  c o n t i n e n t ) .  

G eosync lines  r e s u l t  from  th e  l o c a l  w ith d raw al o f  s u b c r u s t a l  m a t te r  

a t  d ep th  from  th e  f o r e l a n d  to w ard s  th e  h ig h  la n d  to  r e s t o r e  i s o s t a t i c  

e q u i l ib r iu m .

I f  th e r e  were l i t t l e  o r  no f r i c t i o n  i n  the  flow  of s u b c r u s t a l  

m a t t e r ,  the  w ithd raw al o f  m a t te r  from  beneath  the  v a s t  f o r e la n d  wouM 

be d i s t r i b u t e d  over i t s  whole a r e a .  But because  o f  th e  v e ry  l a rg e  

i n t e r n a l  f r i c t i o n  which opposes movement, m a t e r i a l  i s  w ithdraw n a t  

f i r s t  o n ly  n e a r e s t  th e  p o in t  of d e f i c i e n c y  of m ass, i . e .  a lo n g  th e  

edge o f  th e  " b l i s t e r ” . I f  no sed im en t accum ulated  i n  i t ,  the  de­

p r e s s i o n  would g r a d u a l ly  v a n i s h  a s  s u r f a c e  e q u i l ib r iu m  i s  e s t a b l i s h e d  

by th e  s lu g g i s h  f low  o f  th e  v is c o u s  s u b c ru s ta l  m a t t e r .  But when s e d i ­

ment f i l l s  th e  t ro u g h , i t  i s  p e rp e tu a te d  and i t s  s in k in g  even a c c e n t ­

u a te d  w h ile  i t  fo rm s.

B ucher, on th e  o th e r  hand, p o in t s  ou t t h a t  g e o s y n c l in e s  deepen 

d u r in g  "an o ro g en ic"  t im e s ,  t h a t  i s ,  d u r in g  th o se  epochs o f  th e  e a r t h ’ s 

h i s t o r y  when r e l i e f  on th e  e a r t h ’ s s u r f a c e  dw ind les  t o  a  minimum and 

when the  s e a s  t r a n s g r e s s  w id e ly  o v e r  the c o n t in e n t s ;  w hereas they  tend  

to  sh a llo w  or even emerge c o m p le te ly  d u r in g  ’’o ro g e n ic ” t im e s ,  i . e .  when 

r e l i e f  on th e  e a r t h ’ s s u r f a c e  i n c r e a s e s  and m ountain  f o ld in g  i s  a c t i v e .
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From t h i s  c o n t r a s t  tie i n f e r s  t h a t  g e o s y n c l in e s  r e s u l t  from  fo rc e s  

opposed to  th o s e  which make m o u n ta in s .  I f  th e  l a t t e r  a r e  due to  

com press ion  i n  th e  e a r t h ' s  c r u s t ,  g e o s y n c l in e s  shou ld  be the r e s u l t  

o f  t e n s i o n a l  s t r e s s e s  i n  the c r u s t ,  com parable to  th e  ho llow s formed 

on an  inhomogeneous ru b b e r  s h e e t  u n d er  t e n s io n ,  which s t r e t c h e s  and 

t h i n s  most a t  th e  w eakest p o i n t s .  T his  h y p o th e s is  a c c o u n ts  e q u a l ly  

w e ll  f o r  g e o s y n c l in e s  on ocean f l o o r s ,  a s  f o r  th o s e  on th e  c o n t in e n ta l  

p l a t f o r m s ,  and f o r  r e v e r s a l s  i n  movement, so c h a r a c t e r i s t i c  o f  geo­

s y n c l in e s .  A ccord ing  to  i t ,  th e  d e p re s s io n s  l o c a l i z e  th e  d ra in a g e  

o f  th e  la n d  and th e  d e l t a s .  F u r th e rm o re , the  f a i l u r e  o f  a g e o sy n c lin e  

to  d ev e lo p  around  th e  m arg in  of th e  Canadian S h ie ld  and the  f a c t  t h a t  

a  number of th e  fo rm a tio n s  in v o lv e d  i n  th e  Gulf C oast g eo sy n c lin e  

a t t a i n  t h e i r  maximum th ic k n e s s  f a r  seaw ard from th e  sh o re  l i n e  o f f e r  

no d i f f i c u l t y  to  i t .

This  h y p o th e s is  r e q u i r e s  e s s e n t i a l  s i m u l t a n e i ty  o f  a l l  major 

epochs o f  g e o s y n c l in a l  and o f  o ro g en ic  phases  o v e r  th e  whole e a r t h ,  

which i s  a t  p r e s e n t  h a rd ,  i f  no t im p o s s ib le  to  p ro v e .  F u rthe rm ore ,
jr"

no p l a u s i b l e  cause h as  been su g g e s te d  f o r  th e  a l t e r n a t i o n  o f  com­

p r e s s i o n  and t e n t i o n  i n  th e  c r u s t .  These seem to  be th e  c h i e f  

d i f f i c u l t i e s  o f  t h i s  h y p o th e s i s .

S tu d ie s  o f  th e  G ulf Coast g eo sy n c l in e  do n o t  a p p e a r  to  the  

w r i t e r ,  a t  th e  p r e s e n t  t im e ,  to  j u s t i f y  th e  f i n a l  a c c e p ta n c e  of any 

o f  the  h y p o th e ses  f o r  th e  o r i g i n  of g e o s y n c l in e s  th u s  f a r  advanced. 

S u f f i c i e n t  ev idence  does ap p ear  to  e x i s t ,  - however, to  j u s t i f y  th e  

abandonment o f  th e  se d im en ta ry  lo a d  th e o ry  and a l s o  th o se  hypo theses  

which r e q u i r e  th e  fo rm a tio n  of f o ld e d  m ounta ins  o r  w e l t s  concom itan t 

w i th  g e o s y n c l in e s .  The f i e l d  o f  s p e c u la t io n  seems to  be l im i t e d  to
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f o r c e s  a r i s i n g  w i th in  or b e n e a th  the  e a r t h ’ s c r u s t .  F u rth e rm o re , any 

h y p o th e s i s  o f  w orld -w ide  a p p l i c a t i o n  must acco u n t f o r  g e o s y n c l in e s  

which a r e  form ed in d e p e n d en t  o f  e x c e s s iv e ly  h ig h  e l e v a t i o n s  a s  w e l l  a s  

th o se  which a re  a s s o c i a t e d  w ith  such e l e v a t i o n s .

vfhatever may be th e  p r im ary  cause o f  th e  fo rm a tio n  o f  the  Gulf 

C oast g e o s y n c l in e ,  i s o s t a t i c  a d ju s tm e n t  to  the  w eight o f  a c cu m u la t in g  

se d im en ts  may have been an im p o r ta n t  se co n d ary  f a c t o r .  The S ig sb ee  

Deep s u g g e s ts  the  p o s s i b i l i t y  t h a t  th e  G ulf Coast g e o sy n c l in e  was a 

s i m i l a r  s t r u c t u r a l  and to p o g rap h ic  b a s in  in  e a r l y  T e r t i a r y  t im e  when 

th e  s t r a n d  l i n e  was f a r  i n l a n d .  A f t e r  t h i s  b a s in  had come in to  ex­

i s t e n c e ,  i t  o f f e r e d  an o p p o r tu n i ty  fo r  th e  a ccu m u la tio n  o f  th o u sa n d s  

o f  f e e t  o f  s e d im e n t .  The w e ig h t of the f i r s t  s e v e r a l  thousand  f e e t  

o f  T e r t i a r y  d e p o s i t s  may have been s u f f i c i e n t  to  overcome th e  in ­

h e r e n t  s t r e n g t h  o f th e  c r u s t  and to  cause f u r t h e r  s in k in g .  This 

phase  i n  th e  e v o lu t io n  o f  th e  G u lf  Coast g e o s y n c l in e  could  n o t  have 

ex tended  l a t e r  than  V icksburg  tim e because  F r io  d e p o s i t s  i n  th e  geo­

s y n c l in e  were d e p o s i te d  n e a r  s e a - l e v e l ,  and h e n c e fo r th  th e r e  was 

p ro b a b ly  no o p p o r tu n i ty  f o r  th e  ac cu m u la tio n  o f  a s u f f i c i e n t  ex cess  

o f  mass to  overcome th e  i n h e r e n t  s t r e n g t h  o f  th e  c r u s t .  From t h i s  

tim e on, th e  f o r c e s  a c t in g  w i th in  or b e n e a th  the  c r u s t  must have 

been th e  s o le  cause o f  d e fo rm a t io n .

I t  i s  to  be em phasized t h a t  w i th  such a h i s t o r y  o f  t h i s  s t r u c t u r e  

a s  o u t l i n e d  above, th e  w r i t e r  assum es t h a t  a t  f i r s t  th e re  was a mass 

d e f i c i e n c y  and t h a t  com pensation  was r e a c h e d  by th e  b eg in n in g  o f  F r io  

t im e , t h a t  i s ,  when n e a r  s e a - l e v e l  d e p o s i t io n  o c c u r re d .  T h is  assump­

t i o n  i s  b ased  on th e  b e l i e f  t h a t  p r e - F r io  d e p o s i t s  i n  th e  g e o sy n c lin e
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a r e  o f  the  d e e p -w a te r  ty p e .  T h is  c o n d i t io n  i s  s u g g e s te d  b u t  n o t  

p ro v en  by p a leo g eo g rap h ic  d a ta  a l r e a d y  g iv e n .

P h y s io g ra p h ic  H is to r y .

Two p h y s io g r a p h ic a l ly  d i s t i n c t  a r e a s  a r e  p r e s e n t  i n  th e  

m arg in  o f  th e  w es te rn  G ulf C o a s ta l  P l a i n .  One i s  an  embayed a r e a  

a d ja c e n t  to  the  sho re  l i n e ,  and the  o th e r  i s  an  e n tre n c h e d  a r e a  

lo c a t e d  f a r t h e r  i n l a n d .  The embayed a r e a  i s  l i m i t e d  to  a v e ry  

narrow  b e l t  and has an e x c e s s iv e ly  g e n t le  s lo p e .  The p r o f i l e  from 

th e  sh o re  l i n e  to  n o r th e r n  H a r r i s  County i n d i c a t e s  a  p h y s io g ra p h ic  

u n c o n fo rm ity  ab o u t 50 m i le s  from the sh o re  l i n e .  The s lo p e  from 

G-alveston to  H ouston , a  d i s t a n c e  o f  50 m i l e s ,  i s  1 f o o t  p e r  m i l e .

The s lo p e  from  th e  5 0 - fo o t  co n to u r  to  the  base o f  th e  H ockley  s c a rp ,  

a  d i s t a n c e  o f  25 m i l e s ,  i s  4 .6  f e e t  p e r  m i le ,  and i n  n o r th w e s te rn  

H a r r i s  County e l e v a t io n s  a s  h ig h  a s  275 f e e t  a r e  r e c o r d e d .  I n  th e  

a r e a  n o r th  o f  the 5 0 - fo o t  c o n to u r ,  s tream s  a re  a c t i v e l y  d o w n cu tt in g ,  

w hereas  th e  a r e a  so u th  o f  th e  l i n e  i s  embayed. S tream s a r e  en­

t r e n c h e d  a l l  th e  way to  th e  e s t u a r i e s  and i n  many c a se s  a r e  s l i g h t l y  

e n t re n c h e d  i n  the  a r e a s  betw een the b a y s .

R ecen t u p l i f t  i s  shown by the  e n tre n c h e d  s trea m s  p r e s e n t  

everyw here on the  Texas G ulf C o a s t .  I n  n o r th e r n  H a r r i s  C o u n ty ,S p rin g  

Creek i s  en tre n c h ed  85 f e e t ,  and most o f  th e  s t re a m s  i n  th e  v i c i n i t y  

o f  H a r r i s  County a r e  e n tre n c h e d  from  25 to  75 f e e t .  The p r o f i l e  

d e s c r ib e d  above shows t h a t  the  u p l i f t  was g r e a t e r  n o r th  o f  th e  

5 0 - fo o t  co n to u r  th a n  so u th  o f  i t .

The numerous drowned v a l l e y s  and lo n g  t i d a l  a r e a s  w hich mark

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



1 1 7

th e  o u te r  m argin  o f  the  C o a s ta l  P l a in  have commonly been  i n t e r ­

p r e t e d  a s  the  r e s u l t  o f  su b s id e n c e .  P r o f e s s o r  W alte r  H. Bucher 

h as  su g g e s te d  to  the  w r i t e r ,  however, t h a t  th e  drowning o f  th e  

v a l l e y s  may be th e  r e s u l t  s o l e l y  o f  a r i s e  o f  s e a - l e v e l  due to  

th e  d e g l a c i a t i o n s  o f  the  l a s t  20,000 y e a r s .  He p o in t s  o u t t h a t  

drowning i s  a u n iv e r s a l  phenomenon ex c e p t  i n  th o se  r e g io n s  where 

r e c e n t l y  l i f t e d  t e r r a c e s  d em o n s tra te  t h a t  the  land  has  been r i s i n g  

f a s t e r  th an  th e  s e a - l e v e l .

The p r o f i l e  o f  th e  p r e s e n t  s u r f a c e  a p p e a rs  to  su p p o r t  the  

l a t t e r  h y p o th e s i s .  As s t a t e d  p r e v io u s ly ,  th e  s lo p e  i s  v e ry  g e n t l e  

so u th  o f  Houston and i s  r e l a t i v e l y  s te e p  n o r th  o f  t h e r e .  This i s  

the  e x a c t  o p p o s i te  o f  th e  cu rve  d e s c r ib e d  by th e  d ip  o f  the  T e r t i a r y  

beds which i s  s t e e p e s t  between Houston and the  shore  l i n e  and i s  

g e n t l e s t  northw ard  from H ouston. S in ce  th e  d ip  o f  the  T e r t i a r y  

beds i s  d e f i n i t e l y  th e  curve f o r  g e o s y n c l in a l  s in k in g ,  one would 

n o t  e x p e c t  t h a t  the m i r r o r  image o f  t h i s  cu rv e , which i s  th e  p r e s e n t  

la n d  s lo p e ,  would a l s o  be the  r e s u l t  o f  g e o s y n c l in a l  s in k in g .  I f  

the  p r e s e n t  lan d  s lo p e  were the r e s u l t  o f  g e o s y n c l in a l  d e p re s s io n ,  

th e  a x i s  would have to  be s i t u a t e d  a t  l e a s t  50 m ile s  n o r th  o f  the  

a x i s  o f  d e fo rm a tio n  d u r in g  T e r t i a r y  and q u a te rn a r y  t im e .  T h is  

i s  h ig h ly  im p ro b ab le . The p r e s e n t  s lo p e  seems to be b e s t  e x p la in e d  

by upward d e fo rm a tio n  a lo n g  an a x is  n o r th  o f  th e  5 0 - fo o t  contour* 

Such an u p l i f t  t o g e th e r  w ith  d e g l a c i a t i o n  w i l l  e x p la in  th e  p r e s e n t  

p r o f i l e ,  th e  en tre n ch ed  s trea m s , the  e s t u a r i e s  and a l s o  such an 

anomaly a s  the  e l e v a te d  beach  a t  Corpus C h r i s t i .  The s l i g h t l y  

e n tre n c h e d  s tream s n e a r  the sh o re  l i n e  a r e  th e  r e s u l t  o f  a r e l a ­

t i v e l y  sm a ll  amount o f  u p l i f t .  They a re  n o t  drowned because  th e y
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l a v e  n o t  c u t  down a s  f a r  a s  t i e  main s trea m s  w l i c l  form t i e  

e s t u a r i e s .

I f  t l i s  i s  t i e  r e c e n t  l i s te r s '-  o f  t i e  G u lf  C oast,  t l e n  t i e  sub­

merged canyon s o u t l  o f  t i e  m o u tl  of t i e  M is s i s s i p p i  R iv e r  and t i e  

p r e s e n t  a l l u v i u m - f i l l e d  canyon o f  t i e  M is s i s s ip p i  were formed i n  

a  c y c le  o f  u p l i f t  and su b s id e n c e  w l i c l  a n t e d a t e s  t i e  u p l i f t  r e ­

p r e s e n te d  by t i e  e n tre n c h ed  s trea m s  i n  Texas.

S ig n i f i c a n c e  o f  B a r r i e r  B eaches . — Tie c o a s t  o f  Texas i s  

b o rd e re d  w i th  b a r r i e r  b e a c h e s .  Padre  I s l a n d  and M atagorda I s l a n d  

a r e  e x c e l l e n t  exam ples. Behind th e s e  b a r r i e r  b each es  a r e  e q u a l ly  

w e ll -d e v e lo p e d  e s t u a r i e s .

R u s s e l l  s t a t e s  t h a t  many g e o l o g i s t s  b e l i e v e  t i e  Texas c o a s t

_ _

R u s s e l l ,  R ich a rd  J o e l ,  l o c .  c i t . ,  pp . 162-174 .

to  be em ergent because  o f  th e  p re se n c e  o f  th e s e  b a r r i e r  b e a c h e s .

He sa y s  t h a t  the  u se  o f  b a r r i e r  beaches  a s  a c r i t e r i o n  of c o a s t a l  

emergence " l a s  had such im p re s s iv e  s p o n so rsh ip  t h a t  to d a y  most 

g e o l o g i s t s  a c c e p t  i t  w ith o u t q u e s t io n " .  While t l i s  s ta te m e n t  i s  

d e b a ta b le ,  he i s  c o r r e c t  i n  co n c lu d in g  t h a t  b a r r i e r  beaches  a re  

n o t  n e c e s s a r i l y  i n d i c a t i v e  o f  an  emergent sho re  l i n e .  R u s s e l l ’ s 

t r e a tm e n t  o f  th e  b a r r i e r  beach  problem , however, i s  n o tew o rth y  f o r  

i t s  f a i l u r e  to  show the  s i g n i f i c a n c e  of th e s e  to p o g ra p h ic  f e a t u r e s .

P r o f e s s o r  N. M. Fenneman f i r s t  p o in te d  o u t  to  th e  w r i t e r  t h a t  

b a r r i e r  beaches  a r e  a d e v ic e  to  c o r r e c t  an  e x c e s s iv e ly  f l a t  o f f ­

sh o re  p r o f i l e .  J u s t  a s  s trea m s b u i ld  up o r  cu t down t h e i r  bed to
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e s t a b l i s h  g ra d e  so th e r e  i s  an o f f - s h o r e  p r o f i l e  o f  e q u i l ib r iu m  

toward which waves and c u r r e n t s  w i l l  d i r e c t  t h e i r  e n e rg y ,  i f  

t h i s  s lo p e  from sh o re  l i n e  to wave base  i s  too  s t e e p ,  a c u t -a n d -  

b u i l t - t e r r a c e  w i l l  be formed to  c o r r e c t  t h i s  d e v i a t i o n  from  the 

p r o f i l e  o f  e q u i l ib r iu m .  I f  the  s lo p e  i s  to o  g e n t l e ,  the  waves 

w i l l  expend t h e i r  energy  i n  d ra g g in g  over t h i s  e x c e s s iv e ly  f l a t  

s u r f a c e  and b re a k  b e fo re  r e a c h in g  th e  s h o r e .  An o f f - s h o r e  b a r ,  

o r  b a r r i e r  b ea ch , w i l l  be form ed a t  the l i n e  o f  b r e a k e r s .  The 

lagoon  w i l l  soon be f i l l e d ,  and the  b a r r i e r  beach  w i l l  th e n  r e ­

p r e s e n t  th e  new sh o re  l i n e .  I n  t h i s  way th e  sh o re  l i n e  w i l l  be 

moved seaw ard , the o f f - s h o r e  s lo p e  in c r e a s e d ,  and th e  p r o f i l e  o f  

e q u i l ib r iu m  e s t a b l i s h e d .

A f t e r  a new c y c le  i s  in a u g u r a te d ,  th e n ,  th e  p re s e n c e  o r  absence 

o f  b a r r i e r  b each es  w i l l  depend upon the s lo p e  o f  th e  i n i t i a l  o f f ­

sh o re  p r o f i l e  and n o t upon th e  c o n d i t io n  o f  emergence o r  subm ergence. 

When a  g e n t ly - s lo p in g  s u r f a c e  l i k e  the Texas C o a s ta l  P l a i n  i s  sub­

s id i n g  o r  when s e a - l e v e l  i s  r i s i n g  upon such a s u r f a c e ,  an ex­

c e s s i v e l y  f l a t  o f f - s h o r e  p r o f i l e  may be i n h e r i t e d  s in c e  the  s lo p e  

from  the  sh o re  l i n e  n o rthw ard  to  the  5 0 - fo o t  co n to u r  i s  much l e s s  

th a n  from  the  s h o re  l i n e  so u th w a rd . to  the  100-fa thom  l i n e .  B a r r i e r

beach es  and e s t u a r i e s  would th e n  be formed s im u l ta n e o u s ly .
1

R u s s e l l  h a s  p roposed  t h a t  a  c l a s s i f i c a t i o n  o f  sho re  l i n e s  on

_ _  _ _ _ _ _

R u s s e l l ,  R ich a rd  J o e l ,  l o c .  c i t . ,  p .  174.

th e  b a s i s  o f  advance and r e t r e a t  be s u b s t i t u t e d  f o r  th e  b a s i s  o f
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submergence and em ergence . The inadequacy  o f  t h i s  p ro p o s a l  i s  

a p p a re n t  when one c o n s id e r s  t h a t  a sh o re  l i n e  canno t advance 

a p p r e c ia b ly  w i th o u t  su b s id en ce  once the  p r o f i l e  o f  e q u i l ib r iu m  i s  

e s t a b l i s h e d .  When th e  p r o f i l e  o f  e q u i l ib r iu m  i s  e s t a b l i s h e d ,  the  

en e rgy  o f  th e  waves i s  exhausted  j u s t  a s  th e y  rea c h  th e  sh o re  and 

th e y  a r e  w ith o u t  a b i l i t y  to a t t a c k  the  c o n t in e n t .  Most o f  th e  

f e a t u r e s  which mark th e  p r o g re s s iv e  changes i n c i d e n t  to  th e  e v o lu ­

t i o n  o f  a sho re  l i n e  a r e  d i r e c t l y  o r  i n d i r e c t l y  a r e s u l t  o f  an 

o f f - s h o r e  p r o f i l e  which i s  n o t i n  e q u i l ib r iu m .  S in ce  o n ly  d i a s -  

tro p h ism  can a l t e r  an  o f f - s h o r e  p r o f i l e  once i t  i s  i n  e q u i l ib r iu m ,  

th e  c l a s s i f i c a t i o n  o f  shore  l i n e s  on a b a s i s  o f  submergence and 

emergence has  more r e a l  s i g n i f i c a n c e  th a n  a c l a s s i f i c a t i o n  on a 

b a s i s  o f  advance and r e t r e a t *
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