
C./  

GEOLOGY 
HOUSTOg VICINITY, 

TEXAS 
WITH 

Appended Guides  "to l:ossil~ M i n e r a l ,  

and Rock C o l l e c t i n ~  b o c a l i t ' i e ~  

P r e p a r e d  p r i m a r i l  B as  an  a id  in ihe  t e a c h i n g  
of e l e m e n t a r B  Geologg in i h e  Hous ton  Ares~ T e x a s  

Housion Geolog ica l  5 o e i e ~  
Academic and LibrarB Committee 

Hous~ or~ Texas 
1961 

Order from: Houston Geological Society 
234 Esperson Building 

Houston 2, Texas 

Price: $2.00 per copy 
$1.50 on orders of 10 or more 

~,.OLOGiCAL RESEARCH 
LIBRARY 

© Houston Geological Society, 2007 - Geology of Houston and Vicinity, Texas, 1961



T A B L E  OF C O N T E N T S  

F o r e w o r d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G e o r g e  C. Hard in ,  J r .  

I n t roduc t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G e o r g e  C. Hard in ,  J r .  

S c e n e r y  and Recen t  Sed imen t s  Along the  Coas t  . . . . . . . . . . .  DeWit t  C. Van S ic len  
L a r g e r  F e a t u r e s  of the T e x a s  C o a s t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The  Two S h o r e l i n e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The  Upland Su r f ace  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Geolog ic  H i s t o r y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O r i g i n  of the  Upland Su r f ace  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The  Va l l eys '  H i s t o r y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Deve lopmen t  of the E s t u a r i e s  and T h e i r  Bay Sho re l i ne s  . . . . . . . . . . . . . . . . . . .  
T h e  B a r r i e r  I s l ands  and Gul f  Shore l ine :  D e s c r i p t i o n  . . . . . . . . . . . . . . . . . . . . .  
The  B a r r i e r l I s l a n d s  and Gul f  Shore l ine :  Or ig in  . . . . . . . . . . . . . . . . . . . . . . . . . .  
S e g m e n t s  of the Gul f  Shore l ine  Tha t  Are  R e t r e a t i n g  . . . . . . . . . . . . . . . . . . . . . .  
Changes  in G a l v e s t o n  and T r i n i t y  Bays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E a s t  and Wes t  Bays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Su r f ace  Geology In and N e a r  Hous ton  . . . . . . . . . . . . . . . . . . . . .  DeWit t  C. Van S ic len  

S u b s u r f a c e  Geology  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G e o r g e  C. Hard in ,  J r .  
S t r a t i g r a p h y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t r u c t u r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E c o n o m i c  Geology  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G e o r g e  C.  Hard in ,  J r .  
Oil and Gas  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Or ig in  of Oil and Gas  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oil and Gas  T r a p s  in the Hous ton  A r e a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

An t i c l i ne s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Salt  D o m e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T r a p s  A s s o c i a t e d  With F a u l t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t r a t i g r a p h i c  T r a p s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Oil and Gas  R e s e r v e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ground  W a t e r  in  the  Hous ton  Region . . . . . . . . . . . . . . . . . . . . . .  A. G. Wins low 

Appendix I 
Notes  on Se l ec t ed  F o s s i l  L o c a l i t i e s  in  E a s t e r n  T e x a s  . . . . . .  Ju l ie  E.  Brock 

Appendix  II 
The  Llano Region,  Texas :  Notes  on i t s  Geo log ic  H i s t o r y  

and Guide  to Se l ec t ed  Rock and M i n e r a l  L o c a l i t i e s  . . . . . . .  Otto J. Buis 

Appendix III 
G l o s s a r y  of  T e c h n i c a l  T e r m s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Page 

3 
3 
7 
7 
7 

8 
9 

11 
l l  
14 
16 
17 
17 

18 

21 
21 
25 

27 
27 
27 
28 
28 
28 
31 
31. 
31 
33 

36 

59 

66 

Copyr igh t ,  1961, by The  Hous ton  Geo log ica l  Soc ie ty  



F O R E W O R D  

by 

George  C. Hardin,  J r . ,  P res iden t  
Houston Geological  Society, 1961-62 

The need for a non- technica l  volume on the geology of the Houston a r e a  
became  acute  in 1959 when the Texas  State Board of Educat ion added to its 
"Proposed  Standards for  Texas  Secondary  Schools" a c o u r s e  ent i t led " E a r t h  
Science" for g rade  seven or  eight, and a o n e - s e m e s t e r  e lec t ive  sc ience  cou r se  
in Geology, Meteorology,  Oceanography,  and As t rophys ics  for g rades  ten 
through twelve.  To help in t roduce  these  "new" subjects ,  a number  of m e m b e r s  
of the Houston Geological  Society l ec tu red  before  groups of t e a c h e r s  and stu- 
dents during the 1960-61 school y e a r .  Repeated r eques t s  w e r e  r e c e i v e d  for 
informat ion  on the geology of the Houston a r e a  and for d i rec t ions  to local i t ies  
where  rocks ,  mine ra l s ,  and foss i ls  could be col lec ted .  In an a t tempt  to fill this 
need, the Academic  and L i b r a r y  Commi t t ee  of the Houston Geological  Society 
has p r e p a r e d  this publication. P repa ra t ion  was rushed  to make it available at 
the beginmng of the 1961-62 school yea r .  Although m o r e  t ime  would have al lowed 
ce r t a in  improvement s ,  the Commi t t ee  felt that la te r  rev is ion  would be p r e f e r -  
able to delay in publication. 

It was imposs ib le  to wr i t e  about geology without using a few technical  
t e r m s .  These  a r e  defined in Appendix HI, to which the r e a d e r  is u rged  to r e f e r  
when in doubt as to the meaning of a technical  word .  

M e m b e r s  of the Academic  and L ib ra ry  Commi t t ee  of the Houston Geologi- 
cal Society a re  l is ted below. They have contr ibuted the i r  t ime  and informat ion  
to the p repa ra t ion  of this publication.  

Julie E. Brock 
Otto J. Buis 
Jack W. Cra ig  

George  C. Hardin,  J r . ,  Cha i rman  
F rank  R. Hardin  
Shir ley  L. Mason 
Ralph G. Nichols 
E.  H. Rainwater  

DeWitt C. Van Siclen 
John E. Wal te rs  

John B. Wil l iams 

Mr.  A. G. Winslow of the Ground Water  Branch of the United States Geo- 
logical Survey contr ibuted the sect ion "Ground Water  in the Houston Region".  
Julie Eas t in  Brock, with the a s s i s t ance  of E. H. Rainwater ,  p r e p a r e d  the r epor t  
on fossi l  local i t ies  and the accompanying  maps showing geologic h i s tory .  



I N T R O D U C T IO N 
by  

G e o r g e  C.  Hard in ,  J r . 1  

Geo logy  is  the  s c i e n c e  which  d e a l s  with the  e a r t h  and wi th  the  d e v e l o p m e n t  of 
f o r m e r  l iv ing th ings .  It is the s t udy  of the r o c k s  and m i n e r a l s  that  m a k e  up the ea r th ,  of 
the hi l l s  and va l l eys ,  p la ins  and w a t e r s  that  occupy  i ts  s u r f a c e ,  and of the  p lan t s  and 
a n i m a l s  which  inhab i ted  i t  in the pa s t .  Al though the  H o u s t o n  a r e a  is  but  a s m a l l  p a r t  of 
the ear th ,  an u n d e r s t a n d i n g  of i t s  geo l ogy  wil l  g ive  one a foundat ion  for  u n d e r s t a n d i n g  
the geo logy  of o t h e r  a r e a s .  

The  c r u s t  of  t he  e a r t h  c o n s i s t s  of  igneous ,  s e d i m e n t a r y ,  and m e t a m o r p h i c  r o c k s .  
Igneous  r o c k s  a r e  f o r m e d  by s o l i d i f i c a t i o n  of m e l t e d  rock ,  s o m e  on the  s u r f a c e  as  lava  
f lows,  and s o m e  u n d e r g r o u n d  l ike g r a n i t e .  S e d i m e n t a r y  r o c k s  a r e  t h o s e  that  f o r m e d  on 
the s u r f a c e  of  the  e a r t h  by the a c c u m u l a t i o n  of m a t e r i a l  f r o m  o l d e r  r o c k s ,  o r  f r o m  plant  
o r  a n i m a l  r e m a i n s .  Sand and c lay,  l i m e s t o n e  and coal ,  a r e  abundant  s e d i m e n t a r y  r o c k s .  
M e t a m o r p h i c  r o c k s  a r e  p r o d u c e d  b y  the a l t e r a t i o n  of  f o r m e r  igneous  o r  s e d i m e n t a r y  
r o c k s  by the g r e a t  hea t  and p r e s s u r e  deep  i n s i d e  the e a r t h .  M a r b l e ,  s la te ,  sch i s t ,  and 
g n e i s s  a r e  c o m m o n  m e t a m o r p h i c  r o c k s .  

A r o u n d  H o u s t o n  we  find only  s e d i m e n t a r y  r o c k s  ( m a i n l y  c lay ,  sand,  and s i l t ) ,  but 
n o r t h w e s t  of Aust in ,  T e x a s  one can  f ind many  kinds  of igneous  and m e t a m o r p h i c  r o c k s ,  
a s  we l l  as  o t h e r  k inds  of s e d i m e n t a r y  r o c k s .  L o c a l i t i e s  fo r  c o l l e c t i n g  m i n e r a l s  and 
igneous  and m e t a m o r p h i c  r o c k s  a r e  d e s c r i b e d  in Appendix  II of th is  book le t .  

T h e r e  is e v i d e n c e  that  the e a r t h  is about  four  b i l l ion  y e a r s  old, and that  l i fe  has  
e x i s t e d  on the  e a r t h  for  at l e a s t  600 mi l l i on  y e a r s .  The  e a r l i e s t  p e r i o d  of e a r t h  h i s t o r y  
in wh ich  we find abundant  e v i d e n c e  of  l ife in the  f o r m  of f o s s i l s  is c a l l e d  t h e " C a m b r i a n . "  
The  t i m e  p r i o r  to th is  p e r i o d  is g e n e r a l l y  r e f e r r e d  to a s  " P r e c a m b r i a n , "  and all of 
the  t i m e  s ince  has  b e e n  d iv ided  into t h r e e  e r a s  ca l l ed  " P a l e o z o i c , "  " M e s o z o i c ,  " and 
" C e n o z o i c . "  E a c h  of t h e s e  e r a s  is  d iv ided  into p e r i o d s .  T h e s e  d iv i s ions ,  a long wi th  the 
a p p r o x i m a t e  age  of  e ach  in y e a r s  as d e t e r m i n e d  by  r a d i o a c t i v i t y  m e a s u r e m e n t s ,  a r e  
shown on T a b l e  I. 

R o c k s  of al l  ages  a r e  found in T e x a s ,  but  in the  H o u s t o n  a r e a ,  we  a r e  c o n c e r n e d  
only  wi th  r o c k s  d e p o s i t e d  dur ing  the C e n o z o i c  e r a .  O l d e r  r o c k s  undoub ted ly  u n d e r l i e  the  
a rea ,  but t hey  do not c r o p  out and have  not b e e n  p e n e t r a t e d  by  the d r i l l .  

1Consu l t ing  Geo log i s t ,  Hous ton ,  T e x a s  



TABLE I 

GEOLOGIC COLUMN AND TIME SCALE 

Era  System or Period Epoch 
Approximate age in 

Millions of years  
From Radioactivity_~ 

CENOZOIC 
( r e c e ~  life) 

QUATERNARY 

TERTIARY 

RECENT 
PLEISTOCENE 

PLIOCENE 
MIOCENE 
O LIGOC ENE 
EOCENE 
PALEOCENE 

13 
17 
25 
36 
58 

MESOZOIC 
(middle life) 

CRETACEOUS 
JURASSIC 
TRIASSIC 

65 
135 
180 

PALEOZOIC 
(ancient life) 

PERMIAN 
CARBONIFEROUS 

PENNSY LVANIAN 
MISSISSIPPIAN 

DEVONIAN 

SILURIAN 
ORDOVICIAN 
CAMBRIAN 

230 

280 
310 
349 

405 
425 
500 

PRECAMBRIAN 600 

*Approximate ages from Kulp, J. L.,  1961, Geologic Time Scale; 
SCIENCE V. 133, N. 3459, p. 1111. 



SCENERY AND RECENT SEDIMENTS ALONg; THE 
by 

DeWit t  C.  Van S ic len  I 

COAST 

Our  Gulf  of M e x i c o  c o a s t  is a g r e a t  l a b o r a t o r y  in which  we  can  s e e  geo log ic  
p r o c e s s e s  going on t oday  in much  the s a m e  way  they  have  b e e n  going on h e r e  for  the  l as t  
100 mi l l i on  y e a r s .  T h r o u g h  all t h e s e  ages  the  r a i n s  have  ba thed  the  land and w a s h e d  
mud  and sand  into the  r i v e r s ,  which  have  c a r r i e d  it down to the  Gulf.  T h e r e  it has  
s e t t l e d  out, each  new l a y e r  of mud  and sand  p r e s s i n g  on t h o s e  benea th ,  f o r c i ng  the t iny  
g r a i n s  e v e r  c l o s e r  t o g e t h e r  until  t hey  f o r m e d  so l i d  r o c k .  

T o d a y  g e o l o g i s t s  s tudy  t h e s e  r o c k s ,  laid down b e s i d e  the l ong -ago  s h o r e s  of the 
Gulf  of Mex ico ,  b e c a u s e  in p l a c e s  oil and gas  o c c u p y  the t iny s p a c e s  b e t w e e n  sand  g r a i n s  
which  did not  ge t  s q u e e z e d  t o g e t h e r  too  t ight ly .  To  find addi t iona l  oil and gas ,  and to 
l e a r n  m o r e  about  this  old e a r t h  on which  we l ive,  g e o l o g i s t s  a r e  a l w a y s  t r y i n g  to d i s -  
c o v e r  m o r e  about  how the anc ien t  r o c k s  w e r e  f o r m e d .  But to u n d e r s t a n d  the anc ien t  
r o c k s  they  have  l e a r n e d  that  t hey  need  to know all  about  the  g e o l o g i c  p r o c e s s e s  l ike 
t h o s e  going on a long the  Gulf  C o a s t  t oday .  G e o l o g i s t s  r e a l i z e  that  knowledge  of  what  
g o e s  on at p r e s e n t  is the key  to u n d e r s t a n d i n g  th ings  that  happened  in the pas t .  T h i s  is 
such  a fundamenta l  p r i n c i p l e  of geo logy  that  it has  a s p e c i a l  name ,  The  P r i n c i p l e  of 
U m f o r m i t a r i a n i s m .  You can  r e m e m b e r  it with the  p h r a s e ,  " the  p r e s e n t  is the  key  to 

the p a s t . "  

What a r e  the  g e o l o g i c  p r o c e s s e s  a c t i v e  t oday  a long the Gulf  C o a s t ?  

L A R G E R  F E A T U R E S  O F  THE TEXAS COAST 

F i r s t  l e t ' s  think about  the things  we  can  s e e  n e a r  H o u s t o n .  P e r h a p s  we  a r e  m o s t  
f a m i l i a r  with the  s a n d y  b e a c h e s  which  f r inge  the Gulf .  T h e s e  a r e  but  the  s e a w a r d  m a r g i n  
of  long n a r r o w  i s l ands  (and p e n i n s u l a s )  that  c u r v e  a long the c o a s t .  F r o m  the  a i r  and on 
maps  t h e s e  i s l ands  s t and  out as  the m o s t  c o n s p i c u o u s  f e a t u r e  of the  T e x a s  C o a s t .  T h e  
g e n e r a l  t e r m  fo r  t h e m  is b a r r i e r  i s l a n d s .  T he  b e s t  known b a r r i e r  i s l a n d  is G a l v e s t o n  
Is land,  shown on f igure  1. T h e y  a v e r a g e  abou t  30 m i l e s  long and 2 m i l e s  wide,  and 
c o n s i s t  p r i n c i p a l l y  of f ine sand  that  ex tends  to a depth  of about  30 fee t .  T he  b a r r i e r  
i s l ands  a r e  s e p a r a t e d  f r o m  each  o the r  by t ida l  channe l s  ( p a s s e s ) ,  and f r o m  the  ma in l and  

b y  sha l low b a y s .  

Did you e v e r  no t i ce  that  the b a y s  a r e  of two k inds?  One kind is long and n a r r o w ,  
ex tend ing  p a r a l l e l  to the  c o a s t  beh ind  the b a r r i e r  i s lands ,  and s e p a r a t i n g  t h e m  f r o m  the  
ma in l and .  Th i s  type  is t e r m e d  a lagoon.  W e s t  Bay is the  lagoon that  s e p a r a t e s  G a l v e s t o n  
I s l and  f r o m  the  ma in land ,  as  can  be  s e e n  on f igu re  1. T h e s e  b a y s  a v e r a g e  about  3 m i l e s  
wide,  20 m i l e s  long, 6 fee t  deep  and g e n e r a l l y  have  mud b o t t o m s .  

1Geology  D e p a r t m e n t ,  U n i v e r s i t y  of Hous t on  
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The s e c o n d  kind of bay  a l s o  is longer  in one d i r e c t i o n  than in the other ,  but i ts  long 
d i r e c t i o n  is at r igh t  ang les  to the c o a s t .  Th i s  is the e s t u a r y  t ype  of bay,  e x e m p l i f i e d  by 
G a l v e s t o n  Bay and i ts  con t inua t ion  as T r i m t y  Bay, on f igu re  1. The e s t u a r i e s  run about  
8 m i l e s  wide,  25 m i l e s  long, and 10 fee t  deep,  and g e n e r a l l y  have mud  b o t t o m s  like the  
l agoons .  But unl ike  the lagoons  the e s t u a r i e s  ex tend  far  inland, and have  s t r e a m s  e n t e r -  

ing at t h e i r  heads .  

The  four th  and las t  of the  m a j o r  c o a s t a l  f e a t u r e s  of  T e x a s  a r e  the  de l t a s  that  the 
r i v e r s  have  bui l t  out into the  b a y s .  T h e s e  a r e  the s w a m p y  "new lands"  which the r i v e r s  
have  m a d e  with the  loads  of  mud  and sand  that  t hey  b r i n g  to the  s e a .  M o s t  of the de l t a s  
o c c u r  n e a r  the heads  of e s t u a r y - t y p e  bays ,  l ike the  T r i n i t y  R i v e r  de l t a  j u s t  wes t  of 
Anahuac,  which  s e p a r a t e s  T u r t l e  Bay f r o m  T r i n i t y  Bay, as  m a y  be  s e e n  on f igure  1. 
Howeve r ,  the r i v e r s  that  c a r r y  the  m o s t  m a t e r i a l -  the Brazos ,  Co lo rado ,  and Rio 
G r a n d e  - long ago bui l t  t he i r  de l t a s  r igh t  a c r o s s  the  f o r m e r  e s t u a r i e s  into which  they  
once  empt ied ,  f i l l ing t h e m  in to f o r m  the flat  s w a m p y  lowlands  that  we  r e f e r  to as 
de l t a i c  p l a ins .  Now that  t h e s e  r i v e r s  have  m a d e  land of t h e i r  f o r m e r  e s t u a r i e s  they  flow 
d i r e c t l y  into the  Gulf  of M e x i c o  and a r e  t r y i n g  to fill  it in too! The  de l t a i c  p la in  n e a r  the 
f o r m e r  mouth  of  the C o l o r a d o  R i v e r  m e r g e s  with that  of  the  Brazos  R i v e r ,  f o r m i n g  the 
b r o a d  C o l o r a d o - B r a z o s  de l t a i c  p la in  i l l u s t r a t e d  by f igure  2. T he  C o l o r a d o  R i v e r  took its 
p r e s e n t  c o u r s e  be low Whar ton  within  the  l as t  few h u n d r e d  y e a r s ,  abandoning  i ts  f o r m e r  
channe l  f a r t h e r  eas t ,  wh ich  now is occup i ed  by Caney  C r e e k .  

The  de l t a s  and de l t a i c  c o a s t a l  p la ins  con t inue  inland wi thout  much  change  into m o r e  
o r  l e s s  b road ,  f iat  v a l l e y s .  T h e s e  a r e  t e r m e d  a l luv ia l  v a l l e y s  b e c a u s e  they, l ike the  
de l t a i c  p la ins ,  a r e  u n d e r l a i n  by a s u b s t a n t i a l  t h i c k n e s s  of mud,  sand,  and g r a v e l  la id  
down by  the r i v e r ,  m a t e r i a l  r e f e r r e d  to as a l luv ium.  The s i ze  of the  a l luv ia l  va l l ey  and 
de l t a i c  p la in  of each  r i v e r  is p r o p o r t i o n a l  to the s i z e  and load (of mud and s a n d ) w h i c h  
that  s t r e a m  c a r r i e s .  L a r g e  ones  l ike the Rio G r a n d e  and Brazos  R i v e r  have  wide  va l l e y s  
and b r o a d  de l t a i c  p la ins  that  ex tend  all the way  to the Gulf  of  Mex ico .  S m a l l e r  s t r e a m s  
l ike the  N u e c e s  and San Jac in to  r i v e r s  flow in r e l a t i v e l y  v e r y  n a r r o w  va l l eys ,  and have  
bui l t  only s m a l l  de l t a s  at  the v e r y  head  of sha l low e s t u a r y - t y p e  b a y s .  

F i g u r e  1. The  G a l v e s t o n  I s land  - Bol ivar  Pen insu la  s e g m e n t  of the c o a s t .  O b s e r v e  
the G a l v e s t o n  b a r r i e r  i s l and  and Bol ivar  Pen insu la  (a l a n d - t i e d  b a r r i e r  is land) ,  s e p a r a t e d  
by Bo l iva r  Roads ,  a t ida l  channel  o r  p a s s .  West Bay and E a s t  Bay a r e  long n a r r o w  lagoons  
that  l ie  p a r a l l e l  to the b a r r i e r  i s l ands  and s e p a r a t e  t h e m  f r o m  the main land;  whi le  Ga l -  
v e s t o n  Bay and T r i n i t y  Bay a r e  e s t u a r i e s  which  ex tend  far  inland.  The  San Jac in to  and 
T r i m t y  r i v e r s  flow into the  heads  of  the  e s t u a r i e s ,  which they  a r e  s l o w l y  f i l l ing in by 
c o n s t r u c t i n g  de l t a s  of m u d  and sand  (a l luv ium) .  In this  w a y  the r i v e r s  a r e  ex tend ing  the 
a l luv ia l  va l l ey s  in which they  flow and which  l ie at a l ower  e l e v a t i o n  than the i n t e rven ing  
upland s u r f a c e .  The  upland s u r f a c e  s l o p e s  2 or  3 feet  p e r  m i l e  t o w a r d  the Gulf  and 
p a s s e s  be low s e a  leve l  in the  t idal  m a r s h e s  a long the  main land  s i d e  of the l agoons .  

(Modi f ied  f r o m  Rufus  J. LeBlanc and W. D. Hodgson  1959 . )  
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F i g u r e  2. The C o l o r a d o - B r a z o s  s e g m e n t  of  the c o a s t .  The  a r r o w  s h o w s  that north 
i s  to the upper r ight .  O b s e r v e  the b r o a d  de l ta ic  pla in  which  the Brazos  and C o l o r a d o  
r i v e r s  have  built  jo in t ly  by c o m p l e t e l y  f i l l ing  in the ir  f o r m e r  e s t u a r i e s .  T h i s  i s  con-  
t inuous  inland with the a l luv ia l  v a l l e y s  which  interrupt  the cont inui ty  of the h igher  upland 
s u r f a c e .  T h e  C o l o r a d o  R i v e r  took i ts  p r e s e n t  c o u r s e  be low Wharton within  the las t  few 
hundred years ,  abandoning i ts  f o r m e r  channel  far ther  e a s t  (now o c c u p i e d  by Caney  
Creek) .  St i l l  o l d e r  abandoned c h a n n e l s  of  the C o l o r a d o  and Brazos  r i v e r s  can be r e c o g -  
n i zed  and are  s h o w n  on the map.  Along  the Gulf  the de l ta ic  plain is  f lanked by b a r r i e r  
i s l an d s  and lagoons  ( e . g . ,  Matagorda  Pen insu la  and Bay, e t c . ) .  

(Modi f ied  f r o m  Rufus ] .  LeBlanc and W. D. H o d g s o n  1 9 5 9 . )  



THE  TWO S H O R E L I N E S  

T e x a s  r e a l l y  has  two s h o r e l i n e s  - one a long the  Gulf  of M e x i c o  and ano the r  along 
the b a y s .  T h e  Gulf  s h o r e l i n e  l ies  a long the s e a w a r d  edge  of  the b a r r i e r  i s l ands  and 
de l t a i c  p la ins ;  while  the bay  s h o r e l i n e  l ies  at the edge  of the  main land ,  on the  ma in l and  
s ide  of  the e s t u a r i e s  and l agoons .  The  Gulf  s h o r e l i n e  c u r v e s  a long the  c o a s t  in a g r e a t  
a rc ,  and has  b r o a d  b e a c h e s  of  sand .  The  bay  s h o r e l i n e  is e n t i r e l y  d i f fe ren t ,  be ing  v e r y  
i r r e g u l a r  and g e n e r a l l y  wi thout  sandy  b e a c h e s .  Mos t  of the  bay  s h o r e l i n e  is flat and 
m a r s h y ,  though in p l a c e s  it has  low b lu f f s .  

THE  UPLAND S U R F A C E  

Inland f r o m  the bays  the s u r f a c e  of the land looks  a l m o s t  flat, but  it does  r i s e  v e r y  
gen t ly  away  f r o m  the c o a s t .  The  r i v e r  v a l l e y s  r i s e  in land l e s s  than one foot each  mi l e  
for  many  tens  of  m i l e s ,  but  the  h ighe r  land b e t w e e n  the  v a l l e y s  r i s e s  in land two or  t h r e e  
fee t  p e r  mi l e  a r o u n d  Hous ton ,  (and m o r e  s t e e p l y  f a r t h e r  s o u t h w e s t  a long the coas t ,  be ing  
about  s ix  fee t  p e r  m i l e  sou th  of  C o r p u s  C h r i s t i ) .  S ince  the r i v e r  v a l l e y s  have the lower  
s lope ,  away  f r o m  the c o a s t  they  b e c o m e  d i s t inc t  f r o m  the h i g h e r  " f la t "  a r e a  be tween ,  
which  we wil l  ca l l  t he  upland  s u r f a c e .  Hous ton  is bui l t  on the upland s u r f a c e ,  b e t w e e n  
the B r a z o s  and San Jac in to  r i v e r  v a l l e y s .  The  con t inu i ty  of th is  upland is i n t e r r u p t e d  by  
the s m a l l e r  v a l l e y s  of Buffalo and o t h e r  b a y o u s .  T h e s e  v a l l e y s  w e r e  f o r m e d  by  the 
s t r e a m s  that occupy  t h e m  wash ing  away  the  mud  and sand  along the i r  banks  dur ing  f loods .  
S e v e r a l  t i m e s  each  y e a r  we  can  s e e  the s t r e a m s  in f lood s t i l l  d igging a w a y  at t h e i r  banks  
( w h e r e  not r e s t r a i n e d  by  c o n t r o l  m e a s u r e s ) .  

GEOLOGIC HISTORY 

If we  wish  to u n d e r s t a n d  how this  land r e c e i v e d  i ts  p r e s e n t  form,  we m u s t  c o n s i d e r  
de t a i l s  of  the  f e a t u r e s  d e s c r i b e d  above ,  and the p r o c e s s e s  ac t i ve  today  that a r e  ab le  to 
p r o d u c e  such  f e a t u r e s .  T h e s e  p r o c e s s e s  w o r k  so  s lowly  that  we  r a r e l y  a r e  a w a r e  of 
t h e i r  r e s u l t s ,  ye t  by  c o m p a r i n g  old m a p s  with the  p r e s e n t  land we find that  s o m e  s t r e a m s  
have  sh i f t ed  the i r  c o u r s e s ,  G a l v e s t o n  I s land  has  g r o w n  s l ight ly ,  and o t h e r  changes  have  
o c c u r r e d  o v e r  the  d e c a d e s .  L i t t l e  c hanges  l ike these ,  going on c o n t i n u o u s l y  fo r  t housands  
of y e a r s ,  p r o d u c e  v a s t  e f f e c t s .  The  s e q u e n c e  of  changes  can  be d e c i p h e r e d ,  and is 
d e s c r i b e d  as  the  g e o l o g i c  h i s t o r y  of the  a r e a  and of i ts  v a r i o u s  f e a t u r e s .  

G e o l o g i s t s  d e c i p h e r  the s e q u e n c e  of  changes  by  u s e  of a " l aw"  so  s i m p l e  that  it is 
e a s i l y  ove r looked ,  and so  n a m e d  that  it is  e a s i l y  f o r g o t t e n -  the Law of Supe rpos i t i on .  
A c c o r d i n g  to th is  law s o m e t h i n g  can  be  changed  only a f t e r  it has  c o m e  into e x i s t e n c e ;  
the con t inu i ty  of the  upland  s u r f a c e  about  Hous t on  cou ld  be  i n t e r r u p t e d  by  e r o s i o n  of  the 
v a l l e y s  and bayous  only a f t e r  the  upland s u r f a c e  i t s e l f  had  f o r m e d .  T he  s e q u e n c e  of 
e v e n t s  was :  (1) d e v e l o p m e n t  of the upland  s u r f a c e ,  and (2) e r o s i o n  of the  va l l ey s  and 
b a y o u s .  Hence  the v a l l e y s  and b a y o u s  w e r e  " s u p e r p o s e d " ,  o r  in Eng l i sh  " p l a c e d  over ,  " 
the o l d e r  upland  s u r f a c e .  The  s a m e  p r i n c i p l e  app l i e s  to d e p o s i t i o n  of the m a t e r i a l  r e -  
m o v e d  by e r o s i o n ;  new l a y e r s  a r e  " s u p e r p o s e d "  or  " p l a c e d  o v e r "  o l d e r  m a t e r i a l .  Hence ,  
in an u n d i s t u r b e d  s e q u e n c e  of s e d i m e n t s  the l owes t  l a y e r  is the o ldes t ,  and each  h igher  
l a y e r  is y o u n g e r  than the one benea th .  



In our d i scuss ion  of the Law of Superpos i t ion  we applied it to de te rmin ing  the 
sequence:  (1) development  of the upland sur face ,  and (2) e ros ion  of the va l leys  (bayous).  
We can c a r r y  our  sequence  fur ther  by obse rv ing  that the upland su r f ace  s lopes  gent ly 
s eaward  and p a s s e s  beneath the lagoons, and that the su r f ace  of the va l leys  l ikewise 
p a s s e s  beneath the e s t u a r i e s .  A c r o s s  these  bays the b a r r i e r  is lands cons i s t  of sand and 
mud " s u p e r p o s e d "  on both the upland and val ley s u r f a c e s .  This  is c l e a r l y  sugges ted  by 
the topography and has been conf i rmed  by informat ion f rom wel ls  dr i l l ed  on the is lands .  
Hence the development  of the p r e sen t  bay shore l ine ,  and of the b a r r i e r  is lands and thei r  
Gulf shore l ine ,  took p lace  a f te r  the upland and val ley  s u r f a c e s  had formed.  Our intuition 
may sugges t  ( c o r r e c t l y  in this case)  that the bay shore l ine  had to fo rm first ,  but this is 
something we will have to conf i rm la te r  when we have m o r e  deta i ls  to work  with. In the 
mean t ime  let us add two m o r e  events  to our sequence,  (keeping in mind that we have yet 
to conf i rm the i r  sequence):  (3) development  of the bay shore l ine ,  and (4) development  of 
the b a r r i e r  is lands with the i r  Gulf shore l ine .  

Perhaps  you a re  wonder ing why the re  was a sequence  of events  in the f i r s t  p lace .  
Events  imply that something  changed, but what w e r e  the changes,  and what caused  them? 
To answer  that we must  cons ide r  how the f ea tu res  ment ioned above w e r e  fo rmed .  We 
learn  mos t  r ead i ly  how things f o r m e d  in nature  by obse rv ing  s i m i l a r  things being fo rmed  
today, following the pr inc ip le  of un i fo rmi t a r i an i sm  ment ioned a l r eady .  Do you r e m e m b e r  
it, " the p r e s e n t  is the key  to the pas t "?  

ORIGIN OF THE UPLAND SURFACE 

Let ' s  begin with the upland sur face ,  which is the o ldes t  fea ture  we a re  cons ider ing  
here .  How did it fo rm?  We have two m a j o r  c lues .  The f i r s t  clue may be obse rved  on 
l a r g e - s c a l e  photographs taken f rom the air,  e spec ia l ly  of a r e a s  near  the coas t  where  the 
upland su r face  has been leas t  d i s tu rbed .  T h e r e  on the photographs one may see  numer -  
ous sl ightly da rke r  bands of ear th  forming a pa t te rn  r e s e m b l i n g  the winding, in te r l aced  
s t r e a m  channels  of the p r e s e n t - d a y  del taic  plains,  (like the p r e sen t  and abandoned 
channels  of the Brazos  and Colorado  r i v e r s  m a r k e d  by heavy lines on fig. 2). Studies on 
the ground show that the d a r k e r  bands seen  on the a i r  photographs do, indeed, have all 
the c h a r a c t e r i s t i c s  one would expect  of f o r m e r  del ta ic  s t r e a m  channels  that have been 
la rge ly  ob l i t e ra ted  by the ra inwash of many cen tu r i e s .  Thus nea r  the coas t  the upland 
su r f ace  s e e m s  to cons i s t  of f o r m e r  ve ry  ex tens ive  del ta ic  plains that g rew toge ther  into 
one continuous del ta ic  coas ta l  plain. 

The second clue to the origin of the upland s u r f a c e  conf i rms  in a genera l  way the 
m o r e  spec i f ic  conclus ions  drawn f rom the p reced ing  clue.  Along the s ides  of the bayous 
in Houston one can o b se rv e  the l aye r s  of mud and sand left by s t r e a m s  as they built  that 
ancient  del taic  coas ta l  plain, l ayer  upon layer .  These  l a y e r s  lie exac t ly  para l l e l  to the 
upland sur face ,  this being s imply  the top of the highest  and last  l ayer .  That  means  that 
the upland su r f ace  he re  was fo rmed  by the s t r e a m s  laying down the l aye r s  of mud and 
sand, not by the s t r e a m s  s imply  eroding o lder  l aye r s  that had been left t he re  long be fore .  
If the la t ter  had been the ca se  it is not likely that the l aye r s  would have been exac t ly  
para l l e l  to the upland su r f ace .  E l s e w h e r e  s t r e a m  eros ion ,  tending a lways to r educe  the 
land to the level of the sea, has fo rmed  s i m i l a r  b road  plains .  However ,  the plain whose  



r e m n a n t s  cons t i t u t e  our  upland s u r f a c e  f o r m e d  by s t r e a m  depos i t ion  jus t  l ike the de l t a ic  
p la ins  of our  p r e s e n t  coas t ,  though on a m u c h  m o r e  ex t ens ive  s ca l e .  A few m i l e s  inland 
f r o m  Hous ton  the l a y e r s  of mud  and sand  do dip p e r c e p t i b l y  t oward  the coas t ,  and 

s t r e a m s  have  e r o d e d  the up tu rned  l a y e r s  into gen t ly  ro l l ing  h i l l s ,  among  which the up- 
land s u r f a c e  of the coas t a l  r eg ion  is no longer  d i s t i nc t .  

THE VALLEYS'  HISTORY 

T h e  va l l eys  that  ex tend as shal low,  but s o m e t i m e s  b road  no tches  in the upland 
s u r f a c e  a r e  c l e a r l y  " s u p e r p o s e d ,  " hence  y o u n g e r  than the upland.  Wel ls  d r i l l e d  in the 
va l l ey s  show that  all  of t hem a r e  f i l led wi th  as  much  as  100 feet  of mud, sand,  and g r a v e l  
d ropped  by the r i v e r s ,  t e r m e d  a l luv ium.  Because  of this  fill the va l l eys  a r e  ca l l ed  
a l luv ia l  va l l eys ,  (on f igs .  1 and 2). The  p r e s e n c e  of th is  t h i c k n e s s  of a l l uv ium ind ica tes  
tha t  s o m e t i m e  in the pas t  the  va l l eys  w e r e  e r o d e d  to about 100 feet  below t h e i r  p r e s e n t  
level,  then  w e r e  l a r g e l y  f i l led  in to f o r m  the p r e s e n t - d a y  va l l ey  f l oo r s .  We a r e  r e f e r r i n g  
to th is  n o w - b u r i e d  s u r f a c e  to which the va l l eys  w e r e  e r o d e d  as the  va l l ey  s u r f a c e ,  (and 
to the top of the fil l  as  the va l l ey  f loor) .  

P r e s e n t - d a y  s t r e a m s  do not e r o d e  t h e i r  channe l s  much  below sea  level ,  and t h e r e  
is no r e a s o n  to be l ieve  tha t  anc ien t  s t r e a m s  behaved  any d i f f e r e n t l y .  Yet the va l l ey  
s u r f a c e  ex tends  wel l  below sea  level,  and p a s s e s  s e a w a r d  benea th  the e s t u a r i e s  and 
b a r r i e r  i s l ands .  The o lde r  m a t e r i a l  is r e c o g n i z e d  e a s i l y  in wel l s  d r i l l e d  in the e a s t e r n  
p a r t  of Ga lves ton  Island, but a wel l  d r i l l ed  in Bol ivar  Roads i m m e d i a t e l y  n o r t h e a s t  of the 
i s l and  to a depth of m o r e  than  100 feet  below sea  level  was  s t i l l  in va l l ey  fill at its to ta l  
depth, (as shown on s ec t i on  A-A'  of fig. 3). Hence  the va l l ey  s u r f a c e  benea th  Bol ivar  
Roads l ies  m o r e  than 100 feet  below sea  level .  S imi l a r l y ,  n e a r  the Gul f  shore ,  the 
f o r m e r  va l l ey  of the Sabine R ive r  l ies  benea th  at  l e a s t  120 feet  of a l luv ium.  Evidence  of 
th is  s o r t  leads to the conc lus ion  that ,  in the not v e r y  d i s t an t  past ,  the level  of the  sea  
r e l a t i v e  to the  land has  been at  l e a s t  100 feet  lower  than  it is today .  

Ev idence  for lowered  sea  level  in la te  geo log ic  t i m e  is w o r l d - w i d e .  It has been  
l inked to the v e r y  ex tens ive  g l a c i e r s  that  b r i e f l y  c o v e r e d  n o r t h e r n  E u r a s i a  and A m e r i c a ,  
(ex tending  sou th  as  f a r  as New J e r s e y ,  Ohio, I l l inois ,  and K a n s a s ) .  Dur ing  the t i m e s  of 
m a x i m u m  g l ac i a t i on  so much  w a t e r  was  pi led up on the con t inen t s  as th ick ice shee t s ,  
i n s t e ad  of being in the sea  w h e r e  it " b e l o n g s , "  that  the  s e a  level  was about 450 feet  lower  
than  it is today .  I n t e r e s t i ng ly ,  t h e r e  is s t i l l  enough ice on A n t a r c t i c a  and G r e e n l a n d  to 
r a i s e  sea  level  ano the r  200 feet,  if and when it should  mel t l  

T h e r e  w e r e  s e v e r a l  i n t e r v a l s  when the g l a c i e r s  w e r e  v e r y  ex tens ive ,  t e r m e d  
g l ac i a l  s t ages ,  s e p a r a t e d  by i n t e r v a l s  of w a r m e r  c l i m a t e ,  the i n t e r g l a c i a l  s t ages ,  dur ing  

which  T e x a s '  c l i m a t e  was m o r e  or  l e s s  l ike t o d a y ' s .  The t ime  f r o m  the f i r s t  to the  las t  
i n t e rva l  of m a x i m u m  g lac i a t i on  is r e f e r r e d  to as  P l e i s t o c e n e  t i m e .  The  t i m e  s ince  then  
is  c a l l ed  the  Recent ,  wi th  a cap i t a l  "R ."  

Dur ing  the  s e v e r a l  P l e i s t o c e n e  g l ac i a l  s t ages ,  when sea  level  was  about 450 feet  
lower  than it is today,  mos t  of the con t inen ta l  she l f  s tood  above the waves ,  and the 
s h o r e l i n e  was  50 to 140 m i l e s  s e a w a r d  of the p r e s e n t  s h o r e l i n e .  The  r i v e r s  f lowing 
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a c r o s s  th is  b r o a d  p la in  e r o d e d  v a l l e y s  m o r e  than 100 fee t  be low the ad jo in ing  upland 
s u r f a c e .  Dur ing  the l as t  of  the  g l ac i a l  s t a g e s  the v a l l e y  s u r f a c e  r e a c h e d  i ts  final form,  
to be p r e s e r v e d  benea th  the  a l luv ium that  s u b s e q u e n t l y  has  a l m o s t  f i l l ed  the v a l l e y s .  

(F ig .  6A i l l u s t r a t e s  this  s i t u a t i o n . )  

D E V E L O P M E N T  O F  THE ESTUARIES AND T H E I R  BAY S H O R E L I N E  

As the g r e a t  P l e i s t o c e n e  g l a c i e r s  m e l t e d  and t h e i r  w a t e r  f lowed into the sea ,  its 
l eve l  r o s e .  Th i s  r i s i n g  s e a  f i l led  the l o w e r  p o r t i o n  of the d e e p l y  e r o d e d  v a l l e y s ,  f o r m i n g  
a s e r i e s  of b a y s  ex tend ing  fa r  inland, the  e s t u a r i e s .  T h u s  the e s t u a r y  type  of bay  is 
s i m p l y  a va l l ey  cut  long ago by  the r i v e r  that  now e n t e r s  at  i ts  head .  T h e  r i s i n g  s e a  not  
only o c c u p i e d  the  l o w e r  p a r t  of the va l l eys ,  but  w e a k e n e d  the r i v e r  c u r r e n t s  to w h e r e  
they  cou ld  not  c a r r y  all t he i r  load of mud and sand,  (much  l e s s  g r a v e l ) .  Th i s  the  r i v e r s  
had to drop,  g r a d u a l l y  f i l l ing t h e i r  v a l l e y s  to the  p r e s e n t  l eve l .  C o m p a r i s o n  of old  c h a r t s  
with r e c e n t  soundings  shows  that  the  e s t u a r i e s  a r e  s t i l l  f i l l ing.  

Sea leve l  r e a c h e d  i ts  p r e s e n t  pos i t i on  f r o m  about* 3 , 0 0 0  to p e r h a p s  as much  as 
5 ,000  y e a r s  ago, and has  r e m a i n e d  cons t an t  e v e r  s i n c e .  Th is  is the R e c e n t  s t and ing  s e a  

leve l  s t a g e .  

The  bay  s h o r e l i n e ,  that  on the ma in l and  s ide  of the  bays ,  is e s s e n t i a l l y  tha t  which  
e x i s t e d  when the  R e c e n t  s t and ing  s e a  level  s t age  began .  S ince  then  s o m e  of the  bay  
s h o r e s  have  been  f o r c e d  back  by wave  e ro s ion ,  and o the r  bay  s h o r e s  have  a d v a n c e d  as 
r i v e r  de l t a s  f i l led  in the bay  h e a d s  and c o a s t a l  m a r s h e s  p u s h e d  out  into the l agoons .  The  
l a r g e  T e x a s  r i v e r s ,  the  Rio Grande ,  Brazos ,  and Co lo rado ,  have  c o m p l e t e l y  f i l led in the 
e s t u a r i e s  they  once  had and have c o n s t r u c t e d  b r o a d  de l t a i c  p la ins  which  p r o t r u d e  s ! igh t ly  

into the Gulf  of Mex ico .  

THE BARRIER ISLANDS AND G U L F  SHORELINE:  DESCRIPTION 

The  Gulf  s h o r e l i n e ,  a long the  b a r r i e r  i s l a n d s  and de l t a i c  p la ins ,  has  d e v e l o p e d  
dur ing  the  R e c e n t  s t and ing  s e a  level  s t age .  G a l v e s t o n  Is land  and Bol ivar  Pen insu la  (a 
l a n d - t i e d  is land)  a r e  the e a s t e r n m o s t  s e g m e n t  of a line of s i m i l a r  b a r r i e r s  which  con-  
t inue (with few i n t e r r u p t i o n s )  s o u t h w a r d  a long the  T e x a s  and M e x i c a n  c o a s t  for  about  600 
m i l e s .  The  width of G a l v e s t o n  and Bol iva r  at s e a  level  a v e r a g e s  1 .5  m i l e s ,  and the i r  
b a s e  ex t ends  2 m i l e s  s e a w a r d  and a few h u n d r e d  fee t  l a g o o n w a r d  f r o m  the  i s l ands '  s h o r e .  
At Bo l iva r  R o a d s  the long axis  of G a l v e s t o n  Is land  is o f f se t  s e a w a r d  r e l a t i v e  to the  ax i s  
of Bo l iva r  Pen insu la .  Th i s  o f f se t  is r e l a t e d  to the  p r e v a i l i n g  w e s t e r l y  l o n g s h o r e  c u r r e n t s ,  
and the r e s u l t i n g  w e s t w a r d  d r i f t  of s and  a long the  s h o r e .  

*Foo tno te :  The  f i g u r e s  in y e a r s  a r e  b a s e d  on the p r o p o r t i o n  of r a d i o a c t i v e  c a r b o n  r e -  
ma in ing  in s a m p l e s  of  s h e l l s  and wood c o l l e c t e d  f r o m  s e d i m e n t s  b e l i e v e d  to have  b e e n  
d e p o s i t e d  at about  the  beg inn ing  of the R e c e n t  s t and ing  s e a  leve l  s t age .  
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Figure  4. Oblique view of Galves ton  
Island f rom the air,  looking no r theas twa rd  
toward  the City of Galves ton.  The bel ts  of 
higher ground a re  abandoned beach r i d g e s ,  
f o r m e r  beaches  cut off f rom the sea  by the 
r epea t ed  development  of a new beach along 
the s eaward  side of the old beach.  The dark  
be l t s  a r e  m a r s h e s  that occupy t h e  low 
swales  be tween abandoned beach r idges .  
The bayou c r o s s i n g  the r idges  and swales  
near  the middle of the photograph is be-  
l ieved to have been s co u red  out by waves  
and c u r r e n t s  during a ma jo r  hur r icane ,  and 
is kept open by floods during heavy rainfal l .  
( F r o m  LeBlanc and Hodgson 1959.) 

Galves ton  Is land i t se l f  is about 30 
mi le s  long, 2.5 mi les  wide near  its e a s t e r n  
end, and gradual ly  t a p e r s  wes tward .  Its 
su r f ace  cons i s t s  p r inc ipa l ly  of numerous  
e x t r e m e l y  gentle  r idges  which t rend  a lmos t  
pa ra l l e l  to the p r e sen t  shore l ine  and r i s e  
5 to 12 feet  above sea  level .  These  a re  
s e p a r a t e d  by low swales ,  which often a re  
occupied  by swamps .  The r idges  a r e  aban- 
doned beach r idges ,  f o r m e r  beaches  cut off 
f rom the sea  by the r epea t ed  development  
of  a new beach along the s e a w a r d  s ide of 
the old beach.  F igure  4 is an oblique ae r i a l  
photograph showing abandoned beach r idges  
and in tervening m a r s h y  swales ;  f igure 5 
is a compos i t e  (mosaic)  of many ve r t i ca l  
ae r i a l  photographs  showing these  and o ther  
f ea tu res .  On the ground the r idges  and 
swales  a r e  m o r e  difficult  t o  recognize;  
they a r e  mos t  apparen t  along Eight Mile 
Road, at the north end of which is located 
the oldest  beach r idge of Galves ton  Island. 
A few smal l  sand dunes occur  on the beach 
r idges ,  more  commonly  toward  the w e s t e r n  
end of the is land.  

The Gulf shore l ine  of Galves ton  Island 
is v e r y  even, with a ve ry  b road  beach.  
Seaward  t h e  Gulf bot tom gene ra l l y  is 
smooth,  and s lopes  approx ima te ly  13 feet 
pe r  mile  out to a depth of 30 feet, which is 
about 2 mi l e s  off shore .  Beyond that the 
s lope d e c r e a s e s  to about 4 feet  per  mile  
out to a 50 foot depth, and fa r the r  s eaward  

it is l e ss  than one foot per  mile .  The shore l ine  along the back s ide of the is land is quite 
i r r egu la r ,  with many sma l l  " l akes"  in te r rup t ing  the continui ty of the abandoned beach 
r idges .  

West  Bay, about 3 to 4 mi les  wide, is the lagoon that s e p a r a t e d  Galves ton  Island 
f rom the mainland.  It gene ra l ly  is l e ss  than 6 feet deep and has a mud and sand bot tom. 
It is s e p a r a t e d  f rom the upland su r f ace  to the north by a Recent  m a r s h  1 to 2 mi les  
wide. 

Bolivar and San Luis p a s s e s  had max imum depths of around 25 feet  be fo re  the 
j e t t i e s  w e r e  cons t ruc t ed .  Tidal  c u r r e n t s  scour ing  the bot tom of the p a s s e s  have buil t  
de l ta - l ike  sand ba r s  ( subaqueous  tidal del tas)  on the s e a w a r d  and bay s ides  of both 
p a s s e s .  

12 



• ~ O q  m 

""'~ ~ ~ 0 ~ 

0 ~ ~__~ 
0 ~ Zr ~ ~ O.,gq ~ 0 

o '~  ~--~ ~ ~ 
~ ~, ,.a ~ ~ I~ ;.--, ~ ~ 

~ ~ ~ . ~ ~ ~ ~ ~ 
~.a ~ . , ~  ~ ~ 4~.~- 

cn o ~0q ~ o c0gq~ ~ 
• ~.~ =r (D ~i ~ ^ ?D ~ 

CD ~ ~" ~-e %Y 

~.~ ~ ,_3-' ~ ~ ~ ~_~ 

-~"~ ~ 0 

D~ -,C 

~.~ . 

0 0 ~ ' ~  ~ ~ " ~  

z o o :r~. 

@ ,---, ~ ~"  

13 



> A- 

< - ; . . . .  S : -  

F i g u r e  6. D i a g r a m s  showing t h r e e  s tages  in the deve lopment  of the Ga lves ton  
Is land-Bol ivar  Peninsula segmen t  of the coas t .  (A) shows the deep t r e n c h e s  (va l l ey  
su r face )  which the r i v e r s  e roded  dur ing the last  g lac ia l  s tage,  while sea  level  was  about 
450 feet  lower  than it is today, and the sho re l i ne  lay m o r e  than i00 mi les  s e a w a r d  of its 
p r e s e n t  posi t ion.  (B) shows condi t ions sho r t l y  a f t e r  sea  level  had r i s e n  to its p r e s e n t  
posi t ion.  One can see  the e a r l y  fo rm of the bay shore l ine ,  Galves ton  Island, Bolivar 
Peninsula,  and the de l tas  of the San Jacinto and T r i n i t y  r i v e r s .  (C) shows the p r e s e n t  
f o r m  of these  fea tu res ,  as i l l u s t r a t ed  in m o r e  detai l  on f igure  1. Not only have the 
b a r r i e r  is lands and del tas  expanded, but so have the e s t u a r i e s ,  by wave e ros ion  of t he i r  
s h o r e s  (as will be s een  on f igure  8). The  m a r s h e s  on both s ides  of the lagoons have  
expanded slightly, too. ( F r o m  LeBlanc and Hodgson 1959.) 

THE BARRIER ISLANDS AND GULF SHORELINE: ORIGIN 

Galves ton Is land (like the o ther  b a r r i e r  i s l a n d s ) o r i g i n a t e d  nea r  the beginning of 
the Recent  s tanding sea  level stage,  and has cont inued to grow ever  s ince.  It began as a 
smal l  sandbar  on the sou thwes t e rn  s ide  of the mouth of the e s t u a r y  now ca l led  Ga lves ton  
Bay, about 4 mi les  offshore ,  in 5 to 8 feet  of w a t e r .  Sand piled up along the l andward  
s ide of w h e r e  the waves  broke,  fo rming  an e x t r e m e l y  n a r r o w  island not over  2 mi l e s  
long, r e m n a n t s  of which today make  up the mos t  n o r t h w e s t e r l y  beach r idge  on the  no r th -  
e a s t e r n  par t  of Galves ton  Island.  Since that  t i m e  the is land has grown g radua l ly  w i d e r  
by addit ional  sand forming  a s u c c e s s i o n  of new beach r i dges  along its s eaward  s ide .  The  
island has grown longer,  too, because  sand is c a r r i e d  sou thwes tward  along the beach  by 
the longshore  c u r r e n t s  which usual ly  flow in that  d i rec t ion ,  extending the beach r i d g e s  
out into San Luis Pass as n a r r o w  f ingers  of sand, t e r m e d  spi ts .  As the continued sou th-  
wes tward  extens ion of s u c c e s s i v e  sand spits has r e s t r i c t e d  the pass,  the wate r  flowing 
through it has cu rved  them to w h e r e  the l a t e r  spits  t r end  m o r e  nea r ly  west  at the i r  
southwest  end. (Fig.  5B i l l u s t r a t e s  the c o m p a r a b l e  s i tuat ion at the sou thwes te rn  end of 

Bolivar Peninsula .  ) 
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The many abandoned beach r idges  d i s c l o s e  s t ages  in the growth  of Ga lves ton  Island, 
the s a m e  way r ings  in the wood of a t r e e  d i s c l o s e  s t ages  in i ts  growth .  Our  c lue to the 
sequence  of beach r idges  is the o b s e r v a t i o n  (on fig. 5A) that s o m e  r idges  cut off the one 
adjoining on the nor thwes t ,  (but neve r  the one on the sou theas t ) .  Applying the law of 
superpos i t ion ,  in each c a s e  the m o r e  n o r t h w e s t e r l y  beach r idge  had to be t he re  f i r s t  to 
get  cut off, so is the older .  Hence  the beach  r idges  a r e  s u c c e s s i v e l y  younger  toward  the 
sou theas t .  This  is con f i rmed  by obse rva t ions  made in shal low holes,  w h e r e  it is seen  
that each beach r idge r e s t s  on the extended base  of i ts  ne ighbor  to the nor thwes t .  Thus  
the law of supe rpos i t ion  enab les  us to de t e rmine  the s equence  of beach  r idges ,  hence the 
shape  of the is land at s t ages  dur ing its growth.  Also, the app rox ima te  t ime  in y e a r s  has 
been  d e t e r m i n e d  by m e a s u r i n g  the propor t ion  of r ad ioac t ive  c a r b o n  in wood and she l l s  
b u r i e d  in the s e v e r a l  beach  r idges  and a s s o c i a t e d  s e d i m e n t s .  In this way it has been  
e s t i m a t e d  that Galves ton  Is land r eached  app rox ima te ly  half  its p r e s e n t  s i ze  about 3, 000 
y e a r s  ago. 

Is Galves ton  Is land st i l l  growing; and if so, whe re  d o e s  the sand come  f rom?  
Studies  by the U. S. Eng inee r s  D i s t r i c t  Off ice at Galves ton  have shown that sand i._s being 
added to the beach at p resen t ,  and that this has been going on for no l e s s  than 80 y e a r s .  
By compar ing  the depth of w a t e r  shown on cha r t s  c o n s t r u c t e d  at i n t e rva l s  during these  80 
y e a r s ,  it has been  found that the f loor  of the Gulf of Mexico  off Ga lves ton  Island is being 
deepened  in many p laces .  The eng inee r s  have ca lcu la ted  that  m o r e  than enough m a t e r i a l  
is being r e m o v e d  f rom the f loor  of the Gulf to account  for  all  the sand and f iner  m a t e r i a l  
now being added to the is land.  In addition, some  sand p robab ly  is brought  in by long-  
s h o r e  c u r r e n t s  f rom the Louis iana coas t  and f r o m  the G o l o r a d o - B r a z o s  del ta .  The 
T r i n i t y  and San Jacinto r i v e r s  cont r ibu te  impor tan t  amounts  of mud. 

The back s ide  of Galves ton  Island has a v e r y  i r r e g u l a r  shore l ine ,  in c o n t r a s t  with 
the Gulf  shore l ine ,  as may  be o b s e r v e d  on Fig.  5A. Those  few c o v e s  and bayous  on the 
l agoonward  s ide of the is land whose  long axes t rend  nea r ly  w e s t  a r e  swa le s  be tween  old 
beach  r idges  which cu rve  to a w e s t e r l y  t rend  near  the i r  sou thwes t  end. But mos t  of the 
bayous ,  and the lakes that occur  in the no r the rn  half  of the island, t r end  nea r ly  at r ight 
ang les  to the old beach r idges  and a re  be l i eved  to have been  s c o u r e d  out by  waves  and 
c u r r e n t s  during m a j o r  h u r r i c a n e s .  They a r e  kept open by floods dur ing heavy  ra infa l l s ,  
by  the t ides ,  and by s t o r m  w a s h o v e r s .  The  is land has not g rown lagoonward  to any 
i m p o r t a n t  extent .  

i ¸̧  
F i g u r e  7. View of the beach  s e v e r a l  

mi les  e a s t  of High Island, T e x a s .  Wave 
e r o s i o n  is forc ing  this pa r t  of the coas t  to 
r e t r e a t ,  exposing dark  g r a y  c lay  r ich  m 
plant r e m a i n s  which f o r m e d  in the t idal  
m a r s h  behind a f o r m e r  beach .  The belt  of 
sand which once s e p a r a t e d  this m a r s h  f rom 
the Gulf has been  washed  away, except  for 
the d i sp l aced  r emnan t s  of shel ly sand on 
top and in front  of the c lay.  This sugges t s  
that the shore l ine  h e r e  has r e t r e a t e d  more  
than 1,000 feet  in the las t  s e v e r a l  thousand 
y e a r s .  (Author ' s  pho tograph . )  
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SEGMENTS OF THE G U L F  SHORELINE THAT ARE RETREATING 

Although m o s t  of the Gulf  s h o r e l i n e  is advanc ing  s e a w a r d  by depos i t i on  of sand  
along the s e a w a r d  s ide  of the b a r r i e r  i s l ands  and by the c o n s t r u c t i o n  of de l t a ic  p la ins ,  
t h e r e  a r e  a few local excep t ions .  The  mos t  ev ident  examp le  of  s h o r e l i n e  r e t r e a t  is a 25 

m i l e  s e g m e n t  ea s t  of Bol ivar  Pen insu la  and wes t  of Sabine P a s s .  T h e r e  e r o s i o n  of the 
beach  has f o r ced  the  Highway D e p a r t m e n t  to r e l o c a t e  po r t i ons  of T e x a s  Highway 87 
f u r t h e r  in land a n u m b e r  of t i m e s  dur ing  the l a s t  20 y e a r s .  In p l ace s  a long h e r e  the beach  
c o n s i s t s  of two or  t h r e e  feet  of sand  r e s t i n g  on da rk  g r a y  c l ay  r i c h  in plant  r e m a i n s .  
The d a r k  c l a y  r e s e m b l e s  the m a t e r i a l  that  f o r m s  today  in the t ida l  m a r s h  back of the 
beach .  Ev iden t ly  it is now exposed  on the beach  b e c a u s e  the bel t  of sand  that  once 
s e p a r a t e d  the  f o r m e r  m a r s h  f r o m  the Gul f  has  been  r e m o v e d  by waves  and c u r r e n t s .  
The  s h o r e l i n e  in th i s  a r e a  m u s t  have r e t r e a t e d  m o r e  than one t housand  fee t  in the l a s t  
few thousand  y e a r s  to p lace  the  p r e s e n t - d a y  beach  ove r  f o r m e r  m a r s h  depos i t s .  

The s h o r e l i n e  a long  the C o l o r a d o - B r a z o s  de l t a ic  p la in  a l so  has  r e t r e a t e d  d u r in g  
the la te  Recent ,  p r e s u m a b l y  s ince  the Co lo r ado  R i v e r  was  d i v e r t e d  w e s t w a r d  to i ts  
p r e s e n t  mouth  n e a r  M a t a g o r d a .  This  is shown by the ab rup t  way in which the s h o r e l i n e  
cu ts  a c r o s s  the m e a n d e r  be l t s  of Caney  and O y s t e r  C r e e k s ,  f o r m e r  channe l s  of the 
Co lo rado  and Brazos  r i v e r s ,  r e s p e c t i v e l y ,  (shown on fig. 2). You can see  the  abrup t  
t r u n c a t i o n  of O y s t e r  C r e e k  by looking sou thwes t  f r o m  the  top of the high b r idge  over  the 
I n t r a c o a s t a l  W a t e r w a y  5 m i l e s  e a s t  of F r e e p o r t .  Desp i t e  th is  la te  local  advance  of  the 
sea  ove r  the C o l o r a d o - B r a z o s  de l ta ic  plain, the  net  r e s u l t  of de l t a i c  s e d i m e n t a t i o n  in 
th is  r eg ion  dur ing  the Recen t  has  been to extend the land, mak ing  this  s ec t ion  of the 
s h o r e  p r o t r u d e  s l i gh t ly  out into the Gul f  of Mex ico .  You m a y  have  no t i ced  how this  p ro -  
t r u s i o n  i n t e r r u p t s  s l igh t ly  the s m o o t h  c u r v e  of the Gulf  s h o r e l i n e .  

F i g u r e  8. Oblique view of the C o l o r a d o - B r a z o s  de l t a i c  p la in  20 m i l e s  sou thwes t  of 
F r e e p o r t .  O b s e r v e  the b road  m e a n d e r s  of  Caney  C r e e k  and the abrup t  way in which  the 
beach cuts  off  the m e a n d e r  bel t .  T h i s  s u g g e s t s  that  the  s h o r e l i n e  has  been advanc ing  
inland here ,  p r e s u m a b l y  s ince  the l a r g e r  Co lo r ado  R i v e r  abandoned this  channe l  a few 
h u n d r e d  y e a r s  ago. ( F r o m  LeBlanc and Hodgson  1959. ) 
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CHANGES IN GALVESTON AND TRINITY BAYS 

Signi f icant  changes  have  o c c u r r e d  a l so  in the s h o r e l i n e  of G a l v e s t o n  and T r i n i t y  
bays  dur ing  the R e c e n t  s tanding  s e a  level  s t age .  Changes  c a u s e d  by the depos i t i on  of 
mud  and sand  have been  l im i t ed  a l m o s t  e n t i r e l y  to the  heads  of the bays  w h e r e  the 
T r i n i t y  and San Jac in to  r i v e r s  have  been  bui ld ing the i r  d e l t a s .  Although m a n - m a d e  
changes  r e l a t e d  to the Hous ton  Ship Channel  make  it d i f f icul t  to d e t e r m i n e  the  g r o w t h  of 
the  San Jac in to  del ta ,  it is ev iden t  that  the T r i n i t y  R i v e r  has  e n l a r g e d  i ts  de l t a i c  plain 

o v e r  s e v e r a l  s q u a r e  m i l e s  of what  was  
f o r m e r l y  the m o s t  n o r t h e a s t e r l y  p a r t  o f  
T r i n i t y  Bay. Addi t ional  mud and s and  have 
been  d e p o s i t e d  away  f rom the s h o r e l i n e ,  
sha l lowing  the se  b a y s .  

F i g u r e  9. Obl ique  v iew of the no r th -  
e r n  s h o r e  of T r i n i t y  Bay in the  s u m m e r  of  
1958, showing the  e f f e c t s  of e r o s i o n  by  
s t o r m  w a v e s .  ( C o u r t e s y  of The  Hous t on  
C h r o n i c l e .  ) 

The  p r e d o m i n a n t  p r o c e s s  a long the 
s h o r e l i n e  of t h e s e  e s t u a r i e s  has been  e r o -  
s ion .  T h e  ac t ion  o f  w a v e s ,  e s p e c i a l l y  
du r ing  s t o r m s ,  is c a u s i n g  the  s h o r e  to 
r e t r e a t .  Much  of the  s h o r e l i n e  of T r i n i t y  
Bay b e t w e e n  Smi th  Point and Anahuac,  and 
b e t w e e n  the T r i n i t y  and San Jac in to  de l t a s ,  
has  r e c e d e d  dur ing  r e c e n t  y e a r s .  T h e  
s a m e  is t r u e  a long the w e s t  s ide  of Gal -  
v e s t o n  Bay f r o m  nor th  of K e m a h  to T e x a s  
Ci ty .  T he  b r o a d  a r c s  in the s h o r e l i n e  at 
K e m a h  and 5 m i l e s  no r th  of K e m a h  a r e  
b e l i e v e d  to have  d e v e l o p e d  by  wave  and 
c u r r e n t  e r o s i o n  dur ing  the R e c e n t  s tanding  
s e a  leve l  s t a g e .  

EAST AND WEST BAYS 

In c o n t r a s t  to the e s t u a r i e s ,  the  lagoons  a r e  b e c o m i n g  n a r r o w e r  (as  wel l  as  
sha l l ower ) ,  b e c a u s e  t h e i r  r e s t r i c t e d  width  does  not p e r m i t  s t o r m  w a v e s  to b e c o m e  as  
l a r g e  as  t h o s e  in the b r o a d e r  e s t u a r i e s .  A l i t t le  sand  is w a s h e d  into the  lagoons  f r o m  
the b a r r i e r  i s l ands ,  but  m o s t  of the fill  is  mud  d e r i v e d  u l t i m a t e l y  f r o m  the San Jac in to  
and T r i n i t y  r i v e r s .  Much of this  m a t e r i a l  is t r a p p e d  by vege t a t i on  in the  m a r s h e s  along 
the sho re ,  c a u s i n g  the m a r s h  to expand s lowly  at the e x p e n s e  of the bay .  E a s t  Bay has  
s h a l l o w e d  one to two fee t  dur ing  the p a s t  80 y e a r s ,  but p r a c t i c a l l y  no f i l l ing was  r e c o r d e d  
in W e s t  Bay dur ing  that i n t e r v a l .  

17 



SURFACE GEOLOGY IN AND NEAR HOUSTON 

by 

DeWitt C.  Van Siclen 2 

The ma te r i a l  one sees  along the s ides  of the bayous in and around Houston is 
gene ra l ly  r ed  to g r a y  clay, over la in  by sandy brown clay, and (near  the top of the 
exposures)  black organic  c lay with minor  lenses  of brown sand. Mate r i a l  of this sor t ,  
with some  variat ion,  is found along Bray 's ,  Buffalo, White Oak, Halls, and Green ' s  
bayous, and on the divide between the f i r s t  two in a road cut about 25 feet  deep nea r  the 
junction of Lexington and Woodhead avenues in the City of Houston. The l aye r s  (beds) 
like those shown on f igure  10 appear  to slope (dip) about t h ree  feet  pe r  mi le  to the south- 
east,  para l le l  to the slope of the upland sur face ,  (which s e e m s  s imply to be the top of the 
highest  layer) .  Because the l aye r s  have the s a m e  slope as the upland sur face ,  and 
seeming ly  ident ical  m a t e r i a l  is exposed in and between all the bayous around Houston, it 
appears  that e s sen t i a l ly  the s a m e  l aye r s  of sed iment  a r e  p resen t  nea r  the su r f ace  
throughout the Houston a r ea .  However,  the l aye rs  do vary  somewhat  f rom place to 
place, so that a pa r t i c u l a r  d is t inc t ive  l aye r  cannot be t r a c e d  for any g r e a t  d is tance .  
Also, in some places  along the s ides  of the bayous the wate r  has washed  away the 
ma te r i a l  desc r ibed  above and deposi ted  in its place younger  channel  sands which a r e  
eas i ly  dis t inguished f rom this dominant  m a t e r i a l .  

All of the c lays  and sands exposed nea r  Houston a r e  non-mar ine ,  and appear  to 
have been deposi ted  by d i s t r ibu ta r i e s  of the Brazos River  (and f a r t he r  eas t  the T r in i t y  
River)  as they built  the v e r y  extensive  del ta ic  plain whose r emnan t s  today make  up the 
upland su r face .  The conditions under  which this b road  plain developed w e r e  much like 
those that c h a r a c t e r i z e  the delta of the Miss iss ippi  River  today. The f o r m e r  p r e s e n c e  of 
d i s t r ibu ta ry  s t r e a m s  is d i sc losed  espec ia l ly  by the i r  channel and natura l  levee deposi ts  
which a r e  m o r e  sandy and r i s e  v e r y  sl ightly above the gene ra l  level of the plain. These  
may be seen as ve ry  low topographic r idges  with sandy soil that extend f inger - l ike  eas t  
and southeas t  a c r o s s  the p r a i r i e  immed ia t e ly  south and eas t  of Houston (in southern  
H a r r i s  County, and in Brazoria ,  Chambers ,  Jef ferson,  and Liber ty  counties) .  The 
f o r m e r  s t r e a m  channel is r e p o r t e d  to be well p r e se rved ,  for example,  on Blue Ridge in 
Brazor ia  County between F r e s n o  and Alvin (D. C. Barton 1930, p. 1303). 

Along Cypress  Creek,  about 20 miles  nor th  of Houston, the ma te r i a l  exposed is 
ve ry  d i f fe ren t  f rom that found n e a r e r  the city, cons is t ing  of tan co lo red  sands with only 
minor  amounts of sandy g r a y  c lay .  This d i f fe rence  r a i s e s  a question: is the m o r e  sandy 
ma te r i a l  along Cypres s  Creek  older  than that to the south in the Houston area ;  or  was it 
all deposi ted at about the s a m e  t ime,  with the sand tending to drop out f a r t he r  u p s t r e a m  

IFootnote:  The m a t e r i a l  exposed in the immed ia t e  vicini ty  of Houston was s tudied in 
1960 by Gordon A. Clopine as the bas is  of his m a s t e r ' s  thes is  at the Univers i ty  of 
Houston. The p re sen t  account is based pr incipal ly  on Mr .  Clopine 's  work, plus the 
descr ip t ions  of Donald C. Barton (1930). 
2Depar tment  of Geology, Univers i ty  of Houston 
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Figure  10. Laye r s  of sand and clay exposed along White Oak Bayou, 50 ya rds  
downs t r eam (southeast)  f rom the 18th St ree t  br idge  in Houston. The d a r k e r  m a t e r i a l  in 
the upper th i rd  of the bank is c lay  (most ly  red),  the light m a t e r i a l  along the cen t r a l  par t  
of the bank is sand (white to g r a y  and brown), and below that the m a t e r i a l  is mos t ly  c lay 
again, with th ree  to four feet of somewhat  consol idated sand nea r  the middle  of it. Height 
of the exposure  is 33.2 feet .  ( F r o m  Gordon A. Clopine 1960.) 

in the p r e s e n t  vicinity of Cyp r e s s  Creek,  while the clay was c a r r i e d  f a r t he r  downs t r eam 
to be deposi ted in and south of what is now Houston? F a r t h e r  north, in Montgomery  
County, the l aye r s  (beds) do dip m o r e  s teeply  toward  the Gulf than does the topographic 
sur face ,  so that p r o g r e s s i v e l y  o lder  l aye r s  a r e  found at the su r f ace  as one p roceeds  
nor thward .  However,  it has not been d e t e r m i n e d  def imte ly  whe the r  or  not this change 
inland to older,  m o r e  s teeply  dipping l aye r s  takes place as near  to Houston as Cypress  
Creek .  

Immedia te ly  nor th  of Houston the topography, as well  as the s u r f a c e  ma te r i a l ,  
changes  sl ightly.  The slope of the upland su r f ace  a lmos t  doubles ( fa i r ly  abruptly) f rom 
about two feet  per  mile  southeas t  of Houston to four feet per  mi le  nor thwes t  of the ci ty.  
At the s a m e  t ime  local i n c r e a s e s  and d e c r e a s e s  in the slope may  be obse rved  on the 
topographic maps of H a r r i s  County with a contour  in terval  of one foot p r e p a r e d  by the 
United States Geological  Survey.  The slight i n c r e a s e s  in su r f ace  slope a r e  ca l led  
scarps ;  they a re  s epa ra t ed  f rom each other  by belts  of m o r e  gentle  slope. Such 
seaward - f ac ing  s c a r p s  a r e  c l e a r l y  evident at e levat ions of 60 feet  and 100 feet  above sea  
level, s epa ra ted  by f la t te r  su r f aces  at approximate ly  50 feet, 85 feet and 105 feet .  The  
s ca rps  a r e  so gentle that they can be recognized  in the field, with some  difficulty,  only 
in uninhabited a r ea s  away f rom the pr incipal  va l leys .  

Nea r ly  identical  sed iments  w e r e  t r aced  continuously along White Oak Bayou where  
it c r o s s e s  the 100-foot scarp;  and where  this bayou c r o s s e s  the 60-foot s ca rp  nea r ly  
identical  ma te r i a l  is p r e sen t  on both sides,  although the exposures  a r e  not continuous.  
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It a p p e a r s ,  t h e r e f o r e ,  that  the  s c a r p s  a r e  not r e l a t e d  to s o m e  change  in land in the  
c h a r a c t e r  of the  m a t e r i a l ,  wi th  o lde r  l a y e r s  wh ich  dip m o r e  s t e e p l y  t o w a r d  the c o a s t  
be ing  e x p o s e d  a long the  s c a r p s .  Ins tead ,  it a p p e a r s  that  the  s c a r p s  p r o b a b l y  a r e  due  to 
e r o s i o n ,  o r  to d i s p l a c e m e n t  a long  s m a l l  faul t s ,  a l though t h e r e  is no obvious  e v i d e n c e  to 
s u p p o r t  e i t h e r  of t h e s e  o r ig in s .  H o w e v e r ,  m o v e m e n t  is  tak ing  p l a c e  a long  a n u m b e r  of 
s m a l l  faul ts  not  f a r  f r o m  Hous ton .  P e r h a p s  the  m o s t  c o n s p i c u o u s  a c t i v e  faul t  is one 
which  p a s s e s  benea th  the  s o u t h w e s t  c o r n e r  of a g r a d e  s choo l  bui ld ing  in Hitchcock and 
has  c a u s e d  the c o r n e r  of the b r i c k  bu i ld ing  to s u b s i d e  about  e ight  i nches .  About  one 
m i l e  f a r t h e r  w e s t ,  th is  s a m e  faul t  c r o s s e s  a c o r n e r  of  the l a r g e  p a v e d  a r e a  at  the 
f o r m e r  Nava l  Bl imp Base  c o n s t r u c t e d  in the e a r l y  1940 's ,  d ropp ing  the p a v e m e n t  v e r t i -  
c a l l y  as  much  as  nine i nches  on the  sou th  s ide .  

A much  m o r e  c o n s p i c u o u s  s c a r p ,  ev iden t  to even  the c a s u a l  t r a v e l l e r ,  c r o s s e s  the 
n o r t h w e s t e r n  c o r n e r  of H a r r i s  County .  Th i s  is  the  H o c k l e y  e s c a r p m e n t ,  which  Bar ton  
(1930, p. 1302) t r a c e d  f r o m  " n o r t h  of  E a g l e  Lake  ( C o l o r a d o  County) ,  sou th  of  S e a l y ,  
p a s t  . . .  H o c k l e y  . . .  and T o m b a l l ,  sou th  of C on roe ,  pa s t  C leve land ,  W a r r e n ,  and K i r b y -  
vil le,  and e a s t w a r d  into L o u i s i a n a . "  The  upland s u r f a c e  at the  foot of th i s  s c a r p  is 160 
to 175 fee t  above  s e a  level ,  s l o p e s  s o u t h - s o u t h e a s t  3 to 5 fee t  p e r  mi le ,  and is  a f lat ,  
a l m o s t  f e a t u r e l e s s  p la in .  The  top of the  s c a r p  l i e s  at  an e l e v a t i o n  of 200-210  fee t ,  and 
n o r t h w a r d  the t e r r a i n  c o n s i s t s  of  g e n t l e  h i l l s  w h o s e  f la t  s u m m i t s  b e c o m e  h ighe r  t o w a r d  
the nor th  at a r a t e  of 9 to 15 fee t  p e r  m i l e .  No o the r  s c a r p  of th is  m a g n i t u d e  o c c u r s  in 
the reg ion ,  excep t  benea th  the w a t e r s  of the  Gul f  of M e x i c o  w h e r e  the  s e a w a r d  s lope  off  
the  b a r r i e r  i s l ands  ( d e s c r i b e d  in a p r e v i o u s  sec t ion)  c o n s t i t u t e s  a s c a r p  of c o m p a r a b l e  
magn i tude .  The  h y p o t h e s i s  fo r  the  o r ig in  of the  H o c k l e y  e s c a r p m e n t  which  this  r e s e m -  
b l a n c e  s u g g e s t s  is  not s u p p o r t e d  at p r e s e n t  by  any t ang ib l e  e v i d e n c e .  

The  m a t e r i a l  e x p o s e d  in the  H o u s t o n  a r e a  con t a in s  r e l a t i v e l y  few f o s s i l s .  V e r t e -  
b r a t e  remains  a r e  the  m o s t  c o m m o n ,  and inc lude  t ee th  and b o n e s  of  h o r s e s ,  e l e p h a n t s ,  
buffa lo ,  t u r t l e s ,  and an a r m a d i l l o .  The  on ly  i n v e r t e b r a t e  f o s s i l s  found a r e  land sna i l s ,  
o f  s p e c i e s  tha t  s t i l l  l ive  in the  a r e a .  
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SUBSURFACE GEOLO ;Y 

by 

George  C. Hardin, J r .  1 

Houston is s i tua ted  in southern  H a r r i s  County on the Gulf Coas ta l  Plain of Texas .  
The d i scuss ion  to follow is confined la rge ly  to the a rea  around Houston as shown on the 
map, Fig. 11. This  a r ea  c o m p r i s e s  a smal l  par t  of the no r thwes t e rn  l imb of the Gulf 
Coas t  geosync l ine  which extends f rom Alabama sou thwes tward  to no r thea s t e rn  Mexico,  
and probab ly  contains sed imen t s  on the o r d e r  of 60, 000 feet  thick. The map, Fig.  12, 
shows the w r i t e r ' s  in te rp re ta t ion  of the th ickness  of sed imen t s  depos i ted  in this la rge  
subsiding a r e a  during the Cenozoic  Era .  T h e s e  sed iment s  cons i s t  l a rge ly  of a l ternat ing 
beds  of sand and shale  and ove r l i e  beds depos i ted  during the C r e t a c e o u s  Per iod (the last  
per iod  of the Mesozo ic  Era,  the age of rep t i les ,  when d inosaur s  dominated  the earth)  
which ended about 65,000, 000 y e a r s  ago. 

The f loor  of the Gulf Coast  geosync l ine  has subs ided  as sed imen t s  have been 
depos i ted  in it, with subs idence  being roughly propor t iona l  to sedimenta t ion .  The s e r i e s  
of c r o s s  sec t ions  through Louisiana,  Fig.  13, shows the w r i t e r ' s  concept  of th ree  s tages  
in the format ion of  this  la rge  geosync l ine .  

STRATIGRAPHY 

Beds of sand and shale  of Cenozoic  ( T e r t i a r y  and Quaternary)  age under l ie  Houston 
to a depth e s t i m a t e d  to be about 20, 000 feet .  Geologis t s  have divided these  sed iment s  
into numerous  format ions  that can be identified. The nomenc la tu re  in gene ra l  use  is 
shown on the chart ,  Tab le  II. Many of the format ions ,  or  zones within a format ion,  a re  
identif ied by the p r e s e n c e  of "guide f o s s i l s . "  T h e s e  guide foss i l s  a re  gene ra l ly  spec i e s  
of fo ramin i fe ra  of m i c r o s c o p i c  s ize  that c e a s e d  to live in this a r ea  at a t ime coincident  
with the deposi t ion of sed iment s  over ly ing  the format ion  or  zone for which they a re  used.  
T h e r e f o r e ,  in examining the m i c r o - f o s s i l s  f rom the cutt ings of a well  being dri l led,  the 
sudden appearance  of a guide foss i l  te l l s  the geologis t  that the bit has r eached  the zone 
for which the foss i l  is  used as a guide. The names  of some  of the mos t  impor tan t  spec ie s  
of guide foss i l s  used by Gulf Coas t  geologis t s  a re  shown in the right hand column of 
Table  II opposi te  the zone in which they a r e  used.  

1Consulting Geologist ,  Houston,  Texas  

Note to Reader:  It has been  n e c e s s a r y  to use  a number  of technical  t e r m s  in wr i t ing  
this ar t ic le ,  so it is sugges ted  that, be fo re  reading it, you look through the Glossa ry ,  
Appendix III, and fami l i a r i ze  you r se l f  with the t e r m s  defined there .  
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GULF COAST GEOSYNCLINE 
CENOZOIC NOMENCLATURE 

FORMATION OR MAJOR 
S T R A T I G R A P H I C  S U B D I V I S I O N  OF T R A N S G R E S S I O N S  

STRATIGRAPHIC 

SUBSURFACE SUBDIVISION 
RECENT 

PLEISTOCENE 
I~[$I~I~II 

P L E I S T O C E N E  

GENERALIZED 

AND REGRESSIONE 
AND SEA 

..,Jr- 

IMPORTANT 
MICROFAUNAL ZONES 

P L I O C E N E  P L I O C E N E  _ ~ a~' i  . . . . . . . .  f~ . . . .  '~= 

UPPER 
Buc~lh~ mon~f i®~d, 

MIOCENE ~.y,rapleCt om . ,m~ bqrrowI 

MIOCENE 

ANAHUAC 

F R I O  

VICKSBURG 

MIDDLE <L ,iARANG 

MIOCENE ~ -~ 

LOWER _-- 

MIOCENE ~ X~B~LL~ 

A N A H U A C  

UPPER _- - 

FRIO _~%~CKB~RRY 

L O W E R  
F R I O  

VICKSBURG 

W H I T S E T T  

M C E L R O Y  

C A D D E L L  

COCKFIELD 

YEGUA 

W H I T S E T T  

MCELROY 

CADDELL 

YEGUA 

COOK MOUNTAIN COOK MOUNTAIN 
SPARTA SPARTA 

WECHES 

QUEEN CITY 

REKLAW 

C A R R I Z O  

WECHES 

Q U E E N  CITY 

R E K L A W  

C A R R I Z O  

WI LCOX ~,  ,~, 

M I D W A Y  

W I L C O X  

~.S~ ~ 

f 

\ 
/ 

. ~ - - - - - - _ _ _ _ _ _ _ _ . _  

MIDWAY 

8igener n d,recfg 

BHiQner ino humblel 

C,b,cide= pE~=  

A mph, i i l~ lnnQ "e "  

~i~corb~B bo~l vd reN Sis 

S~honirl a davili 

O,Lcor0,= " , e t t , , c t t a "  

He lCros*eg l l~  q ~p: 

CQmerino ' A "  
C i b l ¢ i d e  | 

M~tq ln~!nn~ l |xono 
H a c k t l *  r ( ~t ~ge 
N o m o r l  i t r u m u  

Noaosor~o blanpJldi 

Tl,tq~orlo m,=t,i~ippens,= 

A n ~  I ~  bklgIItOlis 

T.m,ulari 9 we,[Inn 

Ctbictdl| L E ~ I l a  

Morginullno 

MoRsliino prQTIq 

h~cklejE_mnsrs 

O p ~ c u U n a  v a ~ a n i  

Nonion$Ho denlll  
Oiscorbi.._.l ~ u a e n l l =  
Epon~dii ] [~oens~s 

T ' = l u e ~ , 2  _ _ _  

Cibn¢idgi "F"  

Cylheridea sablnene[s 

Cristlliarlo Ioniifo,ma 

U r a c H i t  

TABLE II 

This table g ives  the nomenclature in general  use in the Gulf Coastal  region of Texas  
and Lomsiana. The arrows pointing to the left in the column titled "Generalized Trans-  
g r e s s i o n s  and Regress ions"  indicate that the sea  was t ransgress ing  the land, and those 
pointing to the right, that the land was building seaward.  The right hand column l i s t s  the 
guide fo s s i l s  commonly used to identify each horizon. 
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Fig.  12. I sopachous  map (contours  connect  points of equal th ickness)  showing the 
au thor ' s  in te rpre ta t ion  of the th ickness  of sed iments  of Cenozoic  age p r e sen t  in the Gulf 
Coas t  geosyncl ine .  Solid contours  a re  based  upon informat ion  f rom wells  dri l led,  but 
dashed contours  a re  specula t ive .  The re la t i en  of the Houston a r ea  to the geosyncl ine  is 
shown. 
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Fig. 13. Schematic cross sections showing three hypothetical stages in t h e  
d e v e l o p m e n t  of the Gulf  C o a s t  g e o s y n c l i n e .  The  b o t t o m  c r o s s  s e c t i o n  s h o w s  the author ' s  
i n t e r p r e t a t i o n  of  the p r e s e n t  c r o s s  s e c t i o n a l  s h a p e  of  the g e o s y n c l i n e .  The  s o l i d  l ines  
are  b a s e d  on i n f o r m a t i o n  obta ined  f r o m  w e l l s  dr i l l ed  in s e a r c h  for oil and gas ,  but the 
d a s h e d  l ines  are  s p e c u l a t i v e .  

A s c h e m a t i c  in t erpre ta t ion  'bf the s t r u c t u r e  and s t r a t i g r a p h y  of  the H o u s t o n  a r e a  is  
shown on the c r o s s  s e c t i o n ,  F ig .  14. N e a r  the n o r t h w e s t e r n  end of  the c r o s s  s ec t ion ,  
f o r m a t i o n s  c o n s i s t i n g  l a r g e l y  o f  sand a l t ernate  with f o r m a t i o n s  c o n s i s t i n g  l a r g e l y  of  
sha le .  To  the  s o u t h e a s t  (downdip) ,  the beds  of  sand  b e c o m e  th inner  and the beds  of  sha le  
b e c o m e  th icker .  F a r t h e r  downdip,  the beds  of  sand  d i s a p p e a r  c o m p l e t e l y ,  and the 
s e c t i o n  c o n s i s t s  e n t i r e l y  of  s h a l e .  The  c r o s s  s e c t i o n  s h o w s  that in the H o u s t o n  area,  
few beds  of  sand are  p r e s e n t  b e l o w  depths  of  1 5 , 0 0 0  to  16, 000 feet .  

F o r m a t i o n s  c o n s i s t i n g  of  sand that g r a d u a l l y  b e c o m e s  s h a l e  in a downdip d i r e c t i o n  
r e s u l t e d  l a r g e l y  f r o m  the condi t ions  under  which  t h e s e  s e d i m e n t s  w e r e  d e p o s i t e d .  Mos t  
of  the beds  of  sand w e r e  d e p o s i t e d  r e l a t i v e l y  near  the s h o r e  of  an anc ient  sea ,  and s o m e  
undoubtedly  c o m p r i s e d  b e a c h e s  or  de l tas ,  whi le  m o s t  of  the s h a l e s  w e r e  d e p o s i t e d  
far ther  f rom the s h o r e .  The  s a m e  p r o c e s s e s  that r e s u l t e d  in the d e p o s i t i o n  of  t h e s e  
f o r m a t i o n s  m i l l i o n s  of  y e a r s  ago are  at work  today along the c o a s t  of  the Gulf  o f  Mex ico ,  
and are  d e s c r i b e d  in another  part  of  th i s  bookle t .  
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STRUCTURE 

Hous ton  is loca ted  in an a r e a  of v e r y  l i t t le  topograph ic  r e l i e f  and it could be 
r e a s o n e d  that  the f o r m a t i o n s  below the  s u r f a c e  a l so  l ie f lat  or  p a r a l l e l  to the s u r f a c e .  
However ,  as men t ioned  e a r l i e r ,  th is  r eg ion  has  been subs id ing  and the a r e a  south  of 
Hous ton  sank s o m e w h a t  f a s t e r  than  the  a r e a s  f a r t h e r  to the no r th .  Thus ,  even though 
f o r m a t i o n s  w e r e  depos i t ed  a l m o s t  ho r i zon t a l l y ,  they  a r e  now t i l t ed  s o u t h e a s t w a r d  and 
dip t oward  the c o a s t  at  r a t e s  r ang ing  f r o m  100 to 300 feet  p e r  m i l e  (1 d e g r e e  to 4 
d e g r e e s ) .  The  r e a d e r  can obta in  an u n d e r s t a n d i n g  of  the dip of the beds  in the sub-  
s u r f a c e  of  the Hous ton  a r e a  by not ing that  a long the  n o r t h  edge of  F ig .  11 the  top of the 
Yegua f o r m a t i o n  is a p p r o x i m a t e l y  4 ,700  feet  deep, or  4 ,600  feet  below sea  level  ( g en e r -  
a l ly  shown as -4, 600). To  the south,  the top of the Yegua f o r m a t i o n  b e c o m e s  deeper ,  or  
dips,  at  the r a t e  of about  100 feet  pe r  mi l e .  A wel l  d r i l l e d  j u s t  no r th  of the c i ty  l im i t s  of 
Hous ton  found the top of the Yegua f o r m a t i o n  at a depth of 8 ,050  feet,  or 8 ,000  feet  below 
sea  level .  A wel l  d r i l l e d  1S m i l e s  downdip on the  Hous ton  Ci ty  dump south  of the c i ty  
found the top of the  Yegua at 9 ,100  feet ,  o r  about 9 ,050  feet  below sea  level .  F r o m  this  
i l l u s t r a t i on ,  it is appa ren t  tha t  the va r ious  f o r m a t i o n s  in the  s u b s u r f a c e  a round  Hous ton  
a r e  found at s h a l l o w e r  depths  as one goes  no r th  and no r thwes t ,  and at g r e a t e r  depths  as 
one goes  south and s o u t h e a s t .  T h i s  condi t ion is i l l u s t r a t e d  on the c r o s s  sec t ion ,  Fig .  14. 
Or / the  o ther  hand, we l l s  d r i l l e d  along the d i r e c t i o n  of s t r i k e  ( a p p r o x i m a t e l y  n o r t h e a s t -  
sou thwes t )  find the top of each  of the T e r t i a r y  f o r m a t i o n s  at about the  s a m e  depth.  Wel ls  
d r i l l e d  in the Katy  Gas  F i e l d  on the w e s t e r n  bounda ry  of H a r r i s  County  r e a c h  the top of 
the Yegua f o r m a t i o n  at depths  rang ing  f rom 6 ,200  to 6 ,300 fee t .  Wel ls  d r i l l e d  in the 
Bammel  F ie ld  in c e n t r a l  H a r r i s  County,  and wel l s  d r i l l e d  in the Sp lendora  F ie ld  in 
w e s t e r n  M o n t g o m e r y  County,  find the top of the Yegua at  a p p r o x i m a t e l y  the  s a m e  depth.  

The  s u b s u r f a c e  geo log i s t  m a r k s  the line of s t r i k e  for  a f o r m a t i o n  on a map by 
d r awing  con tou r s  on the top of  it.  The  con tour s  a r e  g e n e r a l l y  r e l a t e d  to sea  level ,  and 
for the ho r i zon  on which  they  a r e  drawn,  connec t  points  of equal  depth  below sea  l e v e l .  
C o n t o u r s  a r e  d e t e r m i n e d  by us ing  the known depth to the h o r i z o n  being mapped  as found 
in wel l s  tha t  have  been d r i l l e d  to it, and ex t r apo l a t i ng  or  i n t e r p r e t i n g  the pos i t ion  of the 
con tou r s  be tween we l l s .  The  s inuos i ty  of the con tou r s  is the r e s u l t  of local  s t r u c t u r a l  

m o v e m e n t s  a f fec t ing  the beds .  

On the map, Fig .  11, c o n t o u r s  have  been d rawn  on the top of the Yegua f o r m a t i o n  
in the a r e a  nor th  of Houston,  and on the top of the F r i o  f o r m a t i o n  in the a r e a  south  of 
Hous ton .  The  change in d a t u m  ho r i zons  is n e c e s s a r y  because ,  south  of Houston,  the 
Yegua f o r m a t i o n  l ies  at depths  too g r e a t  to have been  r e a c h e d  by we l l s .  

The  gen t l e  c o a s t w a r d  dip of the beds  in the s u b s u r f a c e  is b roken  by m a n y  local  
s t r u c t u r a l  f e a t u r e s .  T h e s e  local  s t r u c t u r a l  f e a t u r e s  have r e s u l t e d  f r o m  m o v e m e n t  
downward  (faul t ing)  of  one a r e a  r e l a t i v e  to ano the r  a r e a ,  and of m o v e m e n t  upward  by sa l t  
m a s s e s  that  p r o d u c e d  the many  sa l t  d o m e s  a round  Houston .  A s tudy  of the con tou red  
map,  F ig .  11, shows the s t r u c t u r a l  con f igu ra t i on  of  the F r i o  f o r m a t i o n  to be m o r e  
c o m p l i c a t e d  than  that  of  the  Yegua f o r m a t i o n .  Tha t  is,  t h e r e  a r e  m o r e  faul ts  p r e s e n t  
and the local  s t r u c t u r a l  f e a t u r e s  a r e  m o r e  c o m p l i c a t e d .  In g e n e r a l  in the Gulf  Coas t ,  
the s t r u c t u r e  of  beds younger  than Eocene  is m o r e  c o m p l i c a t e d  than tha t  of o lde r  beds .  
Many of the faul t s  d i sp l ac ing  the beds  a r e  faul t s  a long which  m o v e m e n t  took p lace  dur ing  
depos i t ion  of  the  s e d i m e n t s  (ca l led  c o n t e m p o r a n e o u s  faul ts) ,  so tha t  the beds  on the 
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downthrown s ide  of  the  faul t  a r e  m u c h  t h i c k e r  than the  s a m e  b e d s  on the  up th rown  s i d e .  
Th i s  cond i t ion  r e s u l t e d  f r o m  the f i l l ing of  the  low p l a c e s  on the  downth rown  s i d e  of  the  
faul t  wi th  s e d i m e n t  as  this  s i d e  was  l o w e r e d  by  m o v e m e n t  a long the  faul t .  Such s t r u c -  
t u r a l  m o v e m e n t s  c a u s e  v e r y  c o m p l i c a t e d  s t r u c t u r a l  and 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 s .  A 
faul t  of  th is  kind is  shown in the  C h o c o l a t e  Bayou f ie ld  in the  c r o s s  s ec t ion ,  F ig .  14. 

M o s t  of the loca l  s t r u c t u r a l  f e a t u r e s  of  the  a r e a  a r e  an t i c l i nes  o r  d o m e s  w h e r e  the 
b e d s  have  been  p u s h e d  u p w a r d  to a h ighe r  e l e v a t i o n  than in the  s u r r o u n d i n g  a r e a .  Many 
of t h e s e  up l i f ted  a r e a s  w e r e  p u s h e d  up by the r i s e  of sa l t  d o m e s  o r ig ina t i ng  f r o m  a 
r e l a t i v e l y  th ick bed  of  sa l t  that  p r o b a b l y  l ies  at dep ths  r ang ing  f r o m  30,000 fee t  to 40,000 
fee t  benea th  Hous ton .  Some  of the sa l t  d o m e s  r i s e  to wi th in  a few hund red  o r  t housand  
fee t  of the  s u r f a c e  of the  g r o u n d  and the s a l t  m a s s  ha s  b e e n  p e n e t r a t e d  by w e l l s  d r i l l e d  
in s e a r c h  fo r  oil o r  ga s .  T h e s e  a r e  d e s i g n a t e d  as  sa l t  d o m e s  on the map,  F ig .  11. 
O the r  sa l t  d o m e s  did not r i s e  to dep ths  s u f f i c i e n t l y  sha l low to have  b e e n  r e a c h e d  by  the  
dr i l l ,  but t he i r  p r e s e n c e  is i n d i c a t e d  by  g e o p h y s i c a l  m e a s u r e m e n t s .  

In the v ic in i ty  of  s o m e  sa l t  d o m e s ,  the w i t h d r a w a l  of sa l t  f r o m  the  u n d e r l y i n g  s a l t  
bed  to f o r m  the  d o m e  r e s u l t e d  in the s ink ing  of an a r e a  ad j acen t  to the  d o m e  and the 
f o r m i n g  of  a sync l i ne .  Such an a r e a  is  ou t l ined  in the v ic in i ty  of the  H o c k l e y  s a l t  d o m e  
30 m i l e s  n o r t h w e s t  of  H o u s t o n  by the c o n t o u r s  d r a w n  on the top of  the  Yegua  f o r m a t i o n  of 
F ig .  11. T h e r e  the  c o n t o u r s  wi th  the  s h o r t  l ine on one s i de  ind ica te  the p r e s e n c e  of  a 
d e p r e s s i o n  o r  sync l i ne .  

When a sa l t  bed  is b u r i e d  benea th  t h o u s a n d s  of fee t  of  s e d i m e n t s ,  bo th  the  s a l t  and 
the s u r r o u n d i n g  s e d i m e n t s  b e h a v e  l ike highly v i s c o u s  l iquids .  Salt  d o m e s  r i s e  a s  a 
r e s u l t  of the  f o r c e s  of b o u y a n c y  b e c a u s e  sa l t  is " l i g h t e r "  than the o v e r l y i n g  s e d i m e n t s  
and t ends  to " f loa t "  up t o w a r d  the top of  t h e m .  Salt  has  a s p e c i f i c  g r a v i t y  of  about  2 .19 ,  
whi le  the  s e d i m e n t s  have  an a v e r a g e  s p e c i f i c  g r a v i t y  of about  2 .4 .  When a m o v e m e n t  in 
the e a r t h  o c c u r s  to " t r i g g e r "  the  act ion,  a sp ine  o r  r i d g e  of  s a l t  f lows  u p w a r d  v e r y  
s lowly  due to the  p r e s s u r e  of  the  o v e r l y i n g  s e d i m e n t s  and d r a g s  the a d j a c e n t  b e d s  of  
sand  and sha le  u p w a r d  with it .  T h i s  ac t ion  has  b e e n  r e p r o d u c e d  e x p e r i m e n t a l l y  by us ing  
v i s c o u s  l iquids  of d i f f e r en t  s p e c i f i c  g r a v i t i e s .  

The  c a u s e s  of faul t ing and the f o r m a t i o n  of an t i c l i ne s  o the r  than t h o s e  r e s u l t i n g  
f r o m  the r i s e  of sa l t  d o m e s  is a s u b j e c t  of c o n t r o v e r s y ,  Some  m a y  be  the r e s u l t  of 
unde r ly ing  sa l t  o r  s h a l e  r i d g e s  and o t h e r s  m a y  be  c a u s e d  by  the  s l u m p i n g  and s ink ing  of 
b e d s  s u r r o u n d i n g  a s t a b l e  a r e a .  D i s c u s s i o n  of  th is  p r o b l e m  is  beyond  the s c o p e  of th is  

p a p e r .  

Even  though the s u r f a c e  a r o u n d  H o u s t o n  is r e l a t i v e l y  f lat  and only  s l igh t ly  above  
s e a  level ,  t h e r e  have  b e e n  m a n y  e a r t h  m o v e m e n t s  tha t  a f f e c t e d  the  f o r m a t i o n s  of  the  
s u b s u r f a c e .  The  s u b s u r f a c e  g e o l o g i s t  can  " s e e "  on his  m a p s  the many  b u r i e d  " m o u n t a i n  
p e a k s , "  r i dges ,  and v a l l e y s .  Many of t h e s e  b u r i e d  s t r u c t u r a l  f e a t u r e s  a r e  r e p r e s e n t e d  

by  c o n t o u r s  on F ig .  11. 
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Ground  wate r ,  sal t ,  su lphur ,  clay,  sand,  and g r a v e l  a r e  i m p o r t a n t  m i n e r a l  
r e s o u r c e s  of  the  Hous ton  a r ea ,  but the g r e a t e s t  i ncome  f r o m  m i n e r a l  r e s o u r c e s  comes  
f r o m  the p roduc t ion  of oil and g a s .  The  p e t r o l e u m  indus t ry ,  and the a l l i ed  c h e m i c a l  
indus t ry ,  a r e  l a r g e l y  r e s p o n s i b l e  for  the economic  g rowth  of the Hous ton  a r e a .  

OIL AND GAS 

Produc t ion  of oil  and gas  c o m e s  p r i m a r i l y  f r o m  porous  and p e r m e a b l e  sands  of the 
va r ious  T e r t i a r y  f o r m a t i o n s  u n d e r l y i n g  Hous ton  and v i c in i ty .  Mos t  of  the oil and gas  
f ie lds  a round  Hous ton  a r e  shown on the map, F i g u r e  11. The  f ie lds  n o r t h w e s t  of the ci ty,  
w h e r e  the map  is c o n t o u r e d  on the top of the  Yegua fo rma t ion ,  p roduce  p r i m a r i l y  f r o m  
sands  of  the Wi lcox  and Yegua f o r m a t i o n s  of Eocene  age.  F i e ld s  to the s o u t h e a s t  of the 
c i ty ,  w h e r e  the map  is c o n t o u r e d  on the top of the F r i o  fo rma t ion ,  p roduce  p r i m a r i l y  
f r o m  sands  o c c u r r i n g  in the F r i o  and V icksbu rg  f o r m a t i o n s  of Ol igocene  age.  Although 
a l a r g e  p a r t  of  the oil and gas  p roduc t ion  of s o u t h e r n  L o u i s i a n a  c o m e s  f r o m  beds of 
Miocene  age and younger ,  t h e r e  is l i t t le  oil and gas  p roduc t i on  f r o m  these  beds in the 

v ic in i ty  of Hous ton .  

ORIGIN OF OIL AND GAS 

Oil and gas  f o r m  f r o m  d e c a y i n g  an ima l  and vege tab le  m a t e r i a l  that  was  depos i t ed  
wi th  the s e d i m e n t s  as  they  a c c u m u l a t e d  and bu r i ed  with t hem.  Such m a t e r i a l  u n d e r g o e s  
c h e m i c a l  changes  a f t e r  deep bu r i a l  so tha t  s o m e  of it b e c o m e s  oil and gas .  The  p r e s s u r e  
f r o m  the weight  of the o v e r l y i n g  s e d i m e n t s  s q u e e z e s  the oil and gas  into po rous  and p e r -  
m e a b l e  s ands  or  s a n d s t o n e s  tha t  s e r v e  as  r e s e r v o i r s .  T h e s e  s ands  a r e  s a t u r a t e d  with 
wa t e r ,  so the oil  and gas  move  upward  th rough  t h e m  b e c a u s e  both oil and gas  a r e  l i gh t e r  
than  w a t e r .  The  upward  m o v e m e n t  cont inues  unt i l  the oil  and gas  a r e  s topped  by an 
i m p e r m e a b l e  l a y e r  such  as a sha l e  bed.  The  oil and gas  then move  up the s lope  of the 
bed unt i l  they  r e a c h  the  h ighes t  point  pos s ib l e .  T h e r e  the  oil a n d / o r  gas  is t r apped ,  and 
a f ie ld  r e s u l t s  when the t r a p  is d i s c o v e r e d  by the d r i l l i ng  of a wel l .  The t r ap  may  be a 
s t r u c t u r a l  t r a p  such as  a dome ,  o r  an an t ic l ine ,  o r  m a y  be a s t r a t i g r a p h i c  t r a p  r e s u l t i n g  
f r o m  a "p inch  out"  of  the  po rous  sand .  T h e r e  a r e  a n u m b e r  of  d i f f e r e n t  types  of  s t r u c -  
t u r a l  and s t r a t i g r a p h i c  t r ap s ,  but d i s c u s s i o n  of  al l  of t h e m  is beyond the scope  of  th is  
pape r .  The search for oil and gas ,  t h e r e f o r e ,  invo lves  looking for  a t r ap  in an a r e a  
where porous  s e d i m e n t a r y  beds  capab le  of s e r v i n g  as  r e s e r v o i r s  a r e  capped by i m p e r -  

v ious  beds .  

1Consulting Geologist, Houston, Texas 
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When a po rous  sand  is s a t u r a t e d  wi th  oil and gas  and b e c o m e s  an oil and gas  
r e s e r v o i r ,  the gas ,  be ing  l igh te r ,  r i s e s  to the top and o v e r l i e s  the oil .  Salt wa te r ,  being 
heav ie r ,  is found benea th  the oil.  The con tac t  be tween  the gas  and oil in the  s a m e  
r e s e r v o i r  is  g e n e r a l l y  level ,  as is the con tac t  be tween  the  oil  and sa l t  w a t e r .  T h e s e  
f luid c o n t a c t s  a r e  u sua l l y  found at the s a m e  depth below sea  level  by all  we l l s  d r i l l e d  
into the  s a m e  r e s e r v o i r .  If two r e s e r v o i r s  a r e  s e p a r a t e d  by an i m p e r m e a b l e  b a r r i e r ,  
such  as  a sha le  bed or  a fault ,  the  f luid con tac t s  in the two a r e  g e n e r a l l y  d i f f e r e n t .  

Oil and Gas  T r a p s  in the  Hous ton  A r e a  

The  m o s t  c o m m o n  types  of t r a p s  in which oil  and gas  a r e  found in the Hous ton  a r e a  
a r e  a s s o c i a t e d  with sa l t  d o m e s ,  an t i c l i ne s  (pos s ib ly  r e s u l t i n g  f r o m  deep s e a t e d  sa l t  
domes ) ,  and t r a p s  c o n t r o l l e d  by fau l t s .  However ,  a n u m b e r  of s t r a t i g r a p h i c  t r a p s  a r e  
known. 

Ant ic l ines :  

Some of  the l a r g e s t  r e s e r v e s  of  oil  and gas  in th is  a r e a  a r e  found on a n t i c l i n e s .  
G e o p h y s i c a l  m e a s u r e m e n t s  ind ica te  that  m a n y  of the a n t i c l i n e s  r e s u l t  f r o m  the  i n t r u s i o n  
of  sa l t  d o m e s  that  r e a c h e d  only to wi th in  15,000 to 25 ,000  fee t  of the  s u r f a c e .  T h e  up- 
w a r p i n g  or  doming  of  the s e d i m e n t s  f o r m s  a t r ap .  Oil and gas  move  a long the s lopes  of 
p e r m e a b l e  beds  ly ing benea th  i m p e r m e a b l e  beds  upward  to the  c r e s t  of the  an t i c l ine ,  and 
they  a r e  t r a p p e d  t h e r e  and cannot  e s c a p e  b e c a u s e  they  f loat  on the h e a v i e r  sa l t  w a t e r  and 
cannot  move  downward  th rough  i t .  

In the Hous ton  a r e a ,  s o m e  of the an t i c l i ne s  a r e  l a r g e  but r e l a t i v e l y  s i m p l e  s t r u c -  
t u r a l  f e a t u r e s  tha t  a r e  u n c o m p l i c a t e d  by fau l t ing .  The  Katy  gas  f ie ld  in W a l l e r  County  is 
such  a s t r u c t u r a l  f e a t u r e .  O t h e r  an t i c l i ne s ,  such  as  C o n r o e  and H a s t i n g s  f ie lds ,  a r e  
b r o k e n  by fau l t s  that  o c c u r  in a v e r y  c o m p l i c a t e d  p a t t e r n .  The  faul t s  f o r m  i m p e r m e a b l e  
b a r r i e r s  and b r e a k  the f ie lds  into n u m e r o u s  d i f f e r e n t  r e s e r v o i r s .  Each  of  t h e s e  r e s e r -  
v o i r s  m u s t  be p r o d u c e d  as i f  it w e r e  a s e p a r a t e  f ie ld .  D r y  holes  a r e  f r e q u e n t l y  d r i l l e d  
wi thin  the p roven  l im i t s  of  a f ie ld  when faul t s  have  f o r m e d  s e p a r a t e  s e g m e n t s  in which 
oil  and gas  did not a c c u m u l a t e  in c o m m e r c i a l  q u a n t i t i e s .  

F i e l d s  in the  Hous ton  a r e a  that  r e s u l t  f r o m  oil  a n d / o r  gas  a c c u m u l a t i o n  on an t i -  
l ines  a r e  Conroe ,  Tomba l l ,  Katy ,  Thompson ,  Goose  Creek ,  Has t ings ,  W e b s t e r ,  
Dick inson ,  and Gi l lock .  

Salt  Domes :  

When a sa l t  m a s s  pushes  i t s  way upward  th rough  the  o v e r l y i n g  s e d i m e n t s  to f o r m  a 
s a l t  dome ,  it d r a g s  the s u r r o u n d i n g  s e d i m e n t s  upward  wi th  it to s o m e  extent ,  and pu sh es  
the o v e r l y i n g  s e d i m e n t s  upward  into a doma l  shape .  T h e s e  o v e r l y i n g  s e d i m e n t s  then  
f o r m  a s y m m e t r i c a l  an t i c l ine  or  dome .  As oil and gas  m i g r a t e  th rough  po rous  and p e r -  
m e a b l e  s ands  in the  v i c i m t y  of a s a l t  dome ,  they  r i s e  in the  po rous  beds  unti l  t hey  can  
m o v e  no f a r t h e r  due to the an t i c l ine  f o r m e d  ab6ve the dome ,  o r  an i m p e r m e a b l e  b a r r i e r  
r e s u l t i n g  f r o m  the t e r m i n a t i o n  of  the po rous  bed n e a r  the  f lanks  of the sa l t  m a s s ,  or  
f r o m  a faul t .  When this  happens ,  oil  and gas  a r e  t r a p p e d  in c o m m e r c i a l  quan t i t i e s  in the 
sands ,  and an oil a n d / o r  gas  r e s e r v o i r  r e s u l t s .  
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Salt d o m e s  are c o m m o n l y  capped by anhydrite and l i m e s t o n e  cal led  "cap rock."  
The cap rock is  genera l ly  porous  and is  frequently found saturated  with oil and gas  as a 
resu l t  of leakage out of  porous  saturated sands adjacent to the cap rock.  Some of  the 
ear l i e s t  oil f ie lds  d i s c o v e r e d  in the Houston area init ial ly  produced oil  from the cap rock 
of  salt  d o m e s .  

The Pierce  Junction oil field, located within the City L imi t s  of  Houston in the 
southern part of  the city, is  a good example  of a sal t  dome oil f ield.  Product ion c o m e s  
large ly  from sands of  the Fr io  and Vicksburg  format ions  abutting the flanks of  the sal t  
m a s s .  The s c h e m a t i c  c r o s s  sect ion ,  Fig.  15, shows the re lat ion of  the oil r e s e r v o i r s  
at P ierce  Junction to the salt  dome.  Other f ields in the Houston area that o c c u r  on and 
around salt  domes  are Blue Ridge, Humble,  Esperson ,  South Houston, Danbury, and 
Sugarland.  
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Fig .  15. Schemat ic  c r o s s  s ec t ion  through P ierce  Junction salt  dome located south 
of  Houston, T e x a s .  This  sec t ion  shows  the present  pos i t ion  of  the beds  flanking the sal t  
dome after  having been dragged upward from an a l m o s t  horizontal  pos i t ion  by the intru- 
s ion  of  the salt  m a s s .  Oil accumulat ion  o c c u r s  in porous  sands  where  they pinch out 
against  the flanks of the sal t  dome.  
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Fig .  16. S t r u c t u r a l  map and c r o s s  s e c t i o n  th ro u g h  the North  H o u s t o n  and Mi l ton  
F i e l d s ,  H a r r i s  County,  T e x a s .  Oil  and g a s  in the  N o r t h  H o u s t o n  F i e l d  o c c u r s  in traps  on 
the downthrown s ide  of  a n o r m a l  fault .  T h i s  s t r u c t u r e  is  e s s e n t i a l l y  an a n t i c l i n e  with  the 
dip of  the  n o r t h w e s t  l imb r e s u l t i n g  from d o w n w a rd  m o v e m e n t  a lo n g  the fault .  In the 
M i l ton  F ie ld ,  gas  o c c u r s  in the DY sand in a trap f o r m e d  a g a i n s t  the upthrown s i d e  of the 
n o r m a l  fault .  The  oi l  and gas  a c c u m u l a t i o n  in the  F a i r b a n k s  sand is  in a s t r a t i g r a p h i c  
trap r e s u l t i n g  f rom the  p inch  out of the  sand .  
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T r a p s  A s s o c i a t e d  With Fau l t s :  

Many  of the oil and gas  f ie lds  of the  H o u s t o n  a r e a  o c c u r  in t r a p s  a s s o c i a t e d  wi th  
faul ts ;  m o s t  of  t h e s e  a r e  found on the downthrown s ide  of the  fau l t s .  T h e s e  s t r u c t u r a l  
f e a t u r e s  a r e  ac tua l ly  an t i c l i ne s  wi th  the  dip of  the n o r t h w e s t  l imb  r e s u l t i n g  f r o m  dip into 
the  downth rown  s ide  of  a faul t .  T h i s  condi t ion  is i l l u s t r a t e d  on the map  and c r o s s  s e c t i o n  
t h ro ugh  the Nor th  H o u s t o n  and Mi l ton  f ie lds ,  F ig .  16. O t h e r  f i e lds  that  o c c u r  under  
s i m i l a r  cond i t ions  a r e  F u l s h e a r ,  F i n f r o c k ,  S a t s u m a ,  F a i r b a n k s ,  D u r k e e ,  Lake  C r e e k ,  
T r i n i t y  Bay, A l l i g a t o r  Bayou,  and C h o c o l a t e  Bayou.  

A few oil  f i e lds  in the  Hous ton  a r e a  r e s u l t  f r o m  oil a c c u m u l a t i o n  a g a i n s t  the 
up th rown  s ide  of  a fault .  One of  the r e s e r v o i r s  in the Mi l ton  f ie ld  (F ig .  16) o c c u r s  in a 
t r a p  of  th is  type .  The  South Cot ton  Lake  and J e r g i n s  f ie lds  in C h a m b e r s  County  a r e  
o t h e r  e x a m p l e s  of  such  an o c c u r r e n c e .  In t h e s e  f ie lds ,  the  b e d s  dip away  f r o m  the 
upthrOwn s ide  of  the faul t  which  f o r m s  an i m p e r m e a b l e  b a r r i e r  aga i n s t  wh ich  the  oil and 

gas  a c c u m u l a t e .  

S t r a t i g r a p h i c  T r a p s :  

Al though t h e r e  a r e  a n u m b e r  of  r e s e r v o i r s  in the  H o u s t o n  a r e a  that  r e s u l t  f r o m  
s t r a t i g r a p h i c  t r a p s ,  m o s t  of  t h e s e  t r a p s  a r e  a s s o c i a t e d  with s t r u c t u r a l  f e a t u r e s  tha t  
c o n s t i t u t e  the  p r i m a r y  c a u s e  of  oil and gas  a c c u m u l a t i o n .  H o w e v e r ,  the  D e c k e r ' s  
P r a i r i e ,  South D e c k e r ' s  P r a i r i e ,  Bender ,  Kuhlman,  and Mi l ton  f i e lds  a r e  p r i m a r i l y  the 
r e s u l t  of s t r a t i g r a p h i c  t r a p s  c a u s e d  by  the "p inch  out" of  s a n d s .  The  c r o s s  s e c t i o n  
th rough  the Mi l ton  f ield,  F ig .  16, i l l u s t r a t e s  the  a c c u m u l a t i o n  of oil and gas  in a s t r a t i -  

g r a p h i c  t r a p .  

OIL AND GAS R E S E R V E S  

Oil and g a s  r e s e r v o i r s  a r e  f ini te;  that  is ,  e ach  is of a de f in i t e  s i z e  that  is g e n e r -  
a l ly  d e t e r m i n a b l e  by the d r i l l i ng  of w e l l s  and the c o r r e l a t i o n  of i n f o r m a t i o n  ob ta ined  
f r o m  the w e l l s .  Al though o t h e r  f a c t o r s  a r e  i m p o r t a n t  in d e t e r m i n i n g  the amoun t  of oil 
a n d / o r  gas  that  can  be  r e c o v e r e d  f r o m  a r e s e r v o i r ,  the  r e c o v e r a b l e  r e s e r v e  is  a l w a y s  
p r o p o r t i o n a l  to the  v o l u m e  of the  r e s e r v o i r .  With all  o t h e r  cond i t ions  be ing  ident ica l ,  a 
r e s e r v o i r  c o v e r i n g  an a r e a  of 100 a c r e s  and conta in ing  an a v e r a g e  t h i c k n e s s  of 30 fee t  of 
p r o d u c t i v e  sand  wi l l  y i e l d  the  s a m e  amoun t  of oi l  a n d / o r  ga s  as  a r e s e r v o i r  c o v e r i n g  200 
a c r e s  and con ta in ing  an a v e r a g e  t h i c k n e s s  of 15 f ee t  of  p r o d u c t i v e  sand .  T h e r e f o r e ,  
d e t e r m i n a t i o n  of the v o l u m e  of the  r e s e r v o i r  is  one of  the  f i r s t  s t eps  in e s t i m a t i n g  the 

r e c o v e r a b l e  oil a n d / o r  ga s  r e s e r v e .  

In the Hous ton  a r ea ,  m o s t  of the  oil  and gas  o c c u r s  in r e s e r v o i r  r o c k s  c o n s i s t i n g  
of  p o r o u s  and p e r m e a b l e  sand .  R e s e r v o i r  v o l u m e  is g e n e r a l l y  e x p r e s s e d  in " a c r e - f e e t "  
of  p r o d u c t i v e  sand .  An a c r e - f o o t  of  sand  c o n s i s t s  of  tha t  v o l u m e  of sand  that  wil l  c o v e r  
one a c r e  to a depth  of  one  foot, o r  4 3 , 5 6 0  cub ic  fee t .  In t e r m s  of  the  s t a n d a r d  42 ga l lon  
oil b a r r e l ,  one a c r e - f o o t  is equ iva l en t  in v o l u m e  to 7758 b a r r e l s .  The  p o r o s i t y ,  o r  void  
space ,  of  the  r e s e r v o i r  r o c k  is e x p r e s s e d  in p e r c e n t .  F o r  the s ands  o c c u r r i n g  in the 
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Hous ton  a rea ,  p o r o s i t y  g e n e r a l l y  r a n g e s  f r o m  17 p e r c e n t  to as  much  as  35 p e r c e n t .  
Thus ,  an a c r e - f o o t  of  sand with  an a v e r a g e  p o r o s i t y  of 30 p e r c e n t  would  con ta in  13, 068 
cubic  feet ,  o r  2 , 3 2 7 . 4  b a r r e l s  of void space ,  with the r e m a i n d e r  of the  vo lume  c o n s i s t i n g  
of  the sand  g r a i n s .  Pa r t  of th is  void s p a c e  is f i l led  with w a t e r  o r i g i n a l l y  d e p o s i t e d  with 
the sand  (ca l l ed  connate  wa te r ) ,  and the r e m a i n d e r  is  f i l l ed  with oil a n d / o r  g a s .  Pa r t  of  
the oil a n d / o r  gas  p r e s e n t  in the  s and  cannot  be r e c o v e r e d  with our  p r e s e n t  o p e r a t i n g  
t e chn iques .  By t ak ing  t h e s e  and m a n y  o t h e r  f a c t o r s  not d i s c u s s e d  h e r e  into c o n s i d e r a -  
t ion, the  geo log i s t  or  p e t r o l e u m  e n g i n e e r  is  able  to c o m p u t e  a " r e c o v e r y  f a c t o r "  for  each  
r e s e r v o i r .  This  f a c t o r  is  g e n e r a l l y  e x p r e s s e d  in " b a r r e l s  p e r  a c r e - f o o t "  for  oil  r e s e r -  
vo i r s ,  and "cubic  fee t  pe r  a c r e - f o o t "  fo r  gas  r e s e r v o i r s .  In the Hous ton  a r e a ,  the 
r e c o v e r y  f ac to r  for  oil  r a n g e s  f r o m  about  200 to m o r e  than  1,000 b a r r e l s  p e r  a c r e - f o o t ,  
and that  for  gas  f r o m  500, 000 to m o r e  than 2,000,  000 cubic  fee t  p e r  a c r e - f o o t .  Thus ,  i f  
an  oil r e s e r v o i r  c o v e r s  100 a c r e s  and con ta ins  an a v e r a g e  p roduc t i ve  sand  t h i c k n e s s  of  
30 feet ,  the vo lume  would  be 3 ,000  a c r e - f e e t .  With a r e c o v e r y  f ac to r  of  700 b a r r e l s  p e r  
a c r e - f o o t ,  the  r e s e r v o i r  would  be expec t ed  to y ie ld  2, 100, 000 b a r r e l s  of  oil ove r  i ts  
l i f e t i m e .  

Because  r e s e r v o i r s  a r e  f ini te ,  and the amoun t  of  oil  to be r e c o v e r e d  is f ini te ,  only  
a f in i te  n u m b e r  of we l l s  can be d r i l l e d  to p roduce  f r o m  a r e s e r v o i r ,  i f  the oil a n d / o r  gas  
is to be r e c o v e r e d  at a p ro f i t .  The  oil p r o d u c t i o n  f r o m  the  V icksbu rg  sands  d i s c o v e r e d  
on the f lanks  of  the  P i e r c e  Junct ion  sa l t  dome  wi th in  the  Ci ty  L i m i t s  of Hous ton  in 1954 is 
a good example  of o v e r d r i l l i n g .  Fo l lowing  the  d i s c o v e r y  of p r o d u c t i o n  in th i s  a r ea ,  we l l s  
w e r e  d r i l l e d  on such  s m a l l  t r a c t s  of land that  none had an a p p r e c i a b l e  d r a i n a g e  a r e a .  
The  sand  c o m p r i s i n g  the  r e s e r v o i r  was  only about 15 feet  thick,  and the e s t i m a t e d  r e -  
c o v e r y  f a c t o r  about 500 b a r r e l s  pe r  a c r e - f o o t .  T h e r e f o r e ,  a wel l  tha t  could only d r a i n  
two a c r e s  could be expec t ed  to p roduce  about 15,000 b a r r e l s  of  oil ove r  i t s  l i f e t ime .  
T h i s  was  not enough to r e p a y  the cos t  of  d r i l l i n g  and comple t ion .  Because  of the  e x c e s -  
s ive  n u m b e r  of wel l s  d r i l l ed ,  the to ta l  w i t h d r a w a l  r a t e  f r o m  the  f ie ld  was  su f f i c i en t  to 
dep le te  m o s t  of the  f ie ld  wi th in  a p e r i o d  of  t h r e e  or  four  y e a r s ,  and m o s t  we l l s  d id  not 
y i e ld  enough oil  to r e p a y  t h e i r  cos t .  Had the sand  c o m p r i s i n g  the r e s e r v o i r  been  150 
feet  th ick ,  then the  y i e l d  would have  been  a p p r o x i m a t e l y  10 t i m e s  what  it  was ,  and even 
with  the l a r g e  n u m b e r  of we l l s  d r i l l ed ,  p roduc t i on  would  have  been  su f f i c i en t  to r e p a y  the 
c o s t  and y ie ld  a p ro f i t .  In m a n y  of  the  o l d e r  f i e lds  of  the  Hous ton  a r e a  such  as  Goose  
C r e e k  and Humble ,  w h e r e  we l l s  w e r e  c l o s e l y  spaced ,  p roduc t i ve  sand  t h i c k n e s s  was  
su f f i c i en t  to enable  m o s t  of  the we l l s  to p roduce  enough oil  to r e p a y  the i r  cos t  and y i e ld  
a p ro f i t .  

The  amoun t  of oil a n d / o r  gas  tha t  a wel l  can  be e x p e c t e d  to p r o d u c e  f r o m  a g iven  
r e s e r v o i r  is  p r o p o r t i o n a l  to the n u m b e r  of we l l s  p r o d u c i n g  f r o m  the r e s e r v o i r ,  i f  a l l  
p r o d u c e  at  the s a m e  r a t e .  T h e r e f o r e ,  the d r i l l i n g  of an e x c e s s i v e  n u m b e r  of  we l l s  to 
p r o d u c e  f r o m  a r e s e r v o i r  is  of no benef i t  to e i t h e r  the  owne r s  of the land o r  the p u b l i c .  
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Geologic  f o r m a t i o n s  tha t  y ie ld  w a t e r  to we l l s  in the Hous ton  r e g i o n  ( s ee  index map 
on F ig .  17) cons i s t  of i n t e r b e d d e d  l a y e r s  of sand  and c lay .  T h e s e  f o r m a t i o n s  a r e  at the 
s u r f a c e  in the n o r t h e r n  p a r t  of the r eg ion  and dip gen t ly  benea th  the s u r f a c e  t oward  the 
Gulf  of  Mexico .  A g e n e r a l i z e d  c r o s s  sec t ion  th rough  the r eg ion  i l l u s t r a t e s  t h e s e  condi -  
t ions  (F ig .  17). The  dip of the f o r m a t i o n s  is g r e a t e r  than the s lope  of the  land s u r f a c e  
and t h e r e f o r e  the f o r m a t i o n s  at  the ou tc rop  a r e  beve led  by the land s u r f a c e .  The  a l t e r -  
nat ion of sand  and c lay  l a y e r s  and the s t r u c t u r e  a r e  ideal  for  the o c c u r r e n c e  of a r t e s i a n  

w a t e r .  

The  p r e d o m i n a n t l y  s andy  zones  shown in Fig .  17 a r e  the  i m p o r t a n t  w a t e r - p r o d u c i n g  
f o r m a t i o n s .  The  sandy  zones  c o n s i s t  of e x t r e m e l y  i r r e g u l a r  beds  of  sand  and g r a v e l  and 
s o m e  beds  of s i l t  and c lay  which m a y  g r a d e  into each  o ther  l a t e r a l l y  and v e r t i c a l l y  in 
r e l a t i v e l y  s h o r t  d i s t a n c e s .  The  p r e d o m i n a n t l y  c l a y e y  zones  shown in the  s ec t ion  a r e  
m o r e  p e r s i s t e n t  than the s andy  zones  and a lso  con ta in  many  i r r e g u l a r  s andy  beds .  

The c r o s s - h a t c h e d  boxes  on the c r o s s  sec t ion  ind ica te  the zones  now be ing  pumped  
heav i ly  in the reg ion .  Some of the deep f o r m a t i o n s  a r e  not d r awn  on and would y ie ld  
addi t iona l  l a rge  suppl ies  of g round  w a t e r  to wel l s  in the n o r t h e r n  pa r t  of the r eg ion .  
Wa te r  l eve ls  in wel l s  in these  f o r m a t i o n s  would be high, and s o m e  of the  wel l s  p robab ly  
would flow. Suppl ies  s i m i l a r  in quant i ty  and qua l i ty  to t hose  in the p r e s e n t  heav i ly  

pumped  a r e a s  could be deve loped .  

Rainfa l l  is the s o u r c e  of the abundant  supply of g round  w a t e r  in the r eg ion .  U. S. 
W e a t h e r  Bureau r e c o r d s  ex tending  back to 1889 show tha t  the  e x t r e m e s  in annual  p r e c i p i -  
t a t ion  r ange  f r o m  m o r e  than 70 inches  in 1900 to 23 inches  in 1917. The  a v e r a g e  annual  
p r e c i p i t a t i o n  is about 45 inches .  A p p r o x i m a t e l y  10 inches  of th is  p r e c i p i t a t i o n  runs  off  
in s u r f a c e  s t r e a m s .  E v a p o r a t i o n  and t r a n s p i r a t i o n  by p lants  accoun t  for  m o s t  of the 
r e m a i n d e r .  A s m a l l  pa r t  p e r c o l a t e s  down th rough  the soi l  and pas t  the root  zone, even-  
tua l ly  to r e a c h  the w a t e r  tab le .  F r o m  t h e r e  the w a t e r  m o v e s  s lowly  th rough  the pore  
space s  in the g r o u n d - w a t e r  f o r m a t i o n s  t oward  pumping  wel l s  or  t o w a r d  a r e a s  of na tu r a l  

d i s c h a r g e .  

Ra infa l l  e n t e r s  the ou tc rops  of the s andy  zones  as r e c h a r g e ,  and then the w a t e r  
moves  down the  dip of the beds  to the we l l s .  Or ig ina l ly ,  wel l s  t h roughou t  the reg ion  
tapping t h e s e  zones  would flow above the land s u r f a c e .  However ,  heavy  pumping  has 
c a u s e d  the w a t e r  leve ls  in the wel ls  to dec l ine  until  in I961 the w a t e r  l eve l s  had dropped 
to as much  as 270 fee t  below sea  level  in the Pasadena  a r e a  ( a r e a  3 on F ig .  17), w h e r e  
w i t h d r a w a l s  a r e  m o s t  c o n c e n t r a t e d .  

1publ icat ion a u t h o r i z e d  by the D i r e c t o r ,  U. S. Geolog ica l  Su rvey  
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Although the h e a v y  pumping  has c a u s e d  l a r g e  dec l i ne s  in w a t e r  leve ls  loca l ly ,  
t h e r e  is no d e f i c i e n c y  of w a t e r  in the a r e a .  Ground  w a t e r  cannot  be ob ta ined  witholit  a 
dec l ine  in w a t e r  leve ls  because  dec l ine  is n e c e s s a r y  to c a u s e  the w a t e r  to flow toward  
the we l l s .  The quan t i ty  of w a t e r  moving  toward  the wel l s  is p r o p o r t i o n a l  to tL: s lope  of 
the w a t e r  s u r f a c e  c r e a t e d  by the dec l ine .  Al though pumping  f r o m  wel l s  h a t  cont inued  to 
i n c r e a s e  and the w a t e r  leve ls  have dec l ined  c o r r e s p o n d i n g l y ,  the y i e lds  of the indiv idual  
we l l s  have  not d e c r e a s e d  and a r e  s t i l l  high. Pumping cos t s  have  i n c r e a s e d ,  but t h e r e  is 
s t i l l  a l a rge  supply of  w a t e r .  If the r a t e  of pumping  is s t ab i l i zed ,  the w a t e r  l eve l s  a l so  

wi l l  be s t a b i l i z e d  wi thin  a r e l a t i v e l y  s h o r t  t i m e .  

E x c e s s i v e  local  dec l i ne s  in w a t e r  l eve l s  can  be avo ided  by p r o p e r  spac ing  of we l l s .  
The dec l ine  in w a t e r  l eve ls  in the P a s a d e n a  a r e a  has  been  r e l a t i v e l y  g r e a t  b e c a u s e  of the 
c o n c e n t r a t i o n  of we l l s .  The  annual  pumping  in the Hous ton  mun ic ipa l  a r e a  has  been 
about  the  s a m e  as in the Pasadena  a r e a ,  but the pumping  is s p r e a d  ove r  a m u c h  l a r g e r  
a rea ,  and consequen t ly ,  t h e r e  has  been  l e s s  dec l ine  in w a t e r  l eve l s .  

A p p r o x i m a t e l y  650 l a r g e - c a p a c i t y  we l l s  a r e  in u se  in the r eg ion .  T h e s e  wel l s  
r ange  f r o m  about 6 to 12 inches  in d i a m e t e r  th rough  the w a t e r - b e a r i n g  zones ,  and m a n y  
of the l a r g e r  we l l s  have  s u r f a c e  ca s ing  as  much  as  30 inches  in d i a m e t e r .  Yie lds  r ange  
f r o m  a few hund red  to about 3 ,500  ga l lons  pe r  m inu t e .  The  cos t  of d r i l l i n g  and equipping 
l a r g e  wel l s  r a n g e s  f r o m  about $20, 000 for  a 1 ,000- foo t  wel l  for  r i c e  i r r i g a t i o n  to m o r e  
than $100, 000 for  a 2 ,000 - foo t  wel l  for  mun ic ipa l  supply .  The  d i f f e r e n c e  in cos t  is  due 
to the d i f f e r e n c e  in m e t h o d s  of  c o n s t r u c t i o n  and pumping  equ ipment .  

The  t e m p e r a t u r e  of  the g r o u n d  w a t e r  n e a r  the s u r f a c e  in the  Hous ton  r eg ion  is 
about  the s a m e  as the a v e r a g e  a i r  t e m p e r a t u r e .  The  t e m p e r a t u r e  i n c r e a s e s  about  I ° F .  
for  each 100 feet  of  depth  down to about  1 ,600 fee t .  Below 1,600 feet  the  a v e r a g e  r a t e  of 
i n c r e a s e  is s l igh t ly  g r e a t e r .  

Mos t  of  the g r o u n d  w a t e r  in the  r eg ion  is s l i gh t ly  a lka l ine  but is g e n e r a l l y  of good 
c h e m i c a l  qual i ty ,  a l though the qua l i ty  v a r i e s  s o m e w h a t  with depth and loca t ion .  The  
m i n e r a l  con ten t  of the  w a t e r  at  Hous ton  i n c r e a s e s  wi th  depth; the h ighe r  m i n e r a l i z a t i o n  
be ing  due l a r g e l y  to i n c r e a s e d  amoun t s  of sod ium c h l o r i d e .  Geologic  s t r u c t u r e  has  an 
inf luence  on the depth at which h ighly  m i n e r a l i z e d  w a t e r  occu r s ,  e s p e c i a l l y  in the v i c in i ty  
of sa l t  d o m e s  w h e r e  sa l t  w a t e r  m a y  be found at qui te  sha l low dep ths .  H a r d n e s s  de- 
c r e a s e s  with depth down to about 2,000 feet,  then  i n c r e a s e s  s lowly;  the  i n c r e a s e  b e c o m e s  
m o r e  r a p i d  below about  2, 400 fee t .  

The  c r o s s  s ec t ion  in F ig .  17 shows the  a p p r o x i m a t e  pos i t ion  of sa l t  w a t e r  in the 
f o r m a t i o n s  u n d e r l y i n g  the  r eg ion .  Th i s  sa l t  w a t e r  p robab ly  was  p r e s e n t  in the s e d i m e n t s  

at  the t i m e  of t h e i r  depos i t ion .  As the land was  e leva ted ,  f r e s h  w a t e r  began  to p e r c o l a t e  
th rough  the f o r m a t i o n s  and t ended  to f lush  out the sa l t  w a t e r .  I ncomple t e  f lushing  of the 
d e e p e r  f o r m a t i o n s  expla ins  the  p r e s e n c e  of s a l t  w a t e r .  

In much  of the r eg ion  sa l t  w a t e r  l ies  a p p r o x i m a t e l y  2 ,000  fee t  below sea  level .  
However ,  in p l a c e s  f r e s h  w a t e r  is found c o n s i d e r a b l y  d e e p e r .  In p a r t s  of e a s t e r n  and 

n o r t h e a s t e r n  H a r r i s  County f r e s h  w a t e r  o c c u r s  to depths  of about 2, 800 feet  be low sea  
level .  Potable  w a t e r  has  been  found to depths  of about 2 ,550  feet  below s e a  level  in 
H o u s t o n ' s  Eas t  End mun ic ipa l  wel l  f ie ld .  
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N e a r  the H a r r i s - G a l v e s t o n  County  line sa l t  w a t e r  o c c u r s  at  a depth  of about  1,200 
feet .  The  f o r m a t i o n s  at  tha t  depth a r e  the s a m e  ones that  a r e  heav i ly  pumped  in the 
Hous ton  and Pasadena  a r e a s  at  a much s h a l l o w e r  depth.  I n a s m u c h  as  the heavy  pumping  
in the Hous ton  and Pasadena  a r e a s  has  e s t a b l i s h e d  a s lope  of the w a t e r  s u r f a c e  t ow ard  
Hous ton  and P a s a d e n a  f r o m  all  d i r e c t i o n s ,  the sa l t  w a t e r  undoubted ly  is moving  nor th -  
ward .  The  r a t e  of th is  m o v e m e n t  is slow, being on the o r d e r  of I foot pe r  day .  If the 
s lope  is not m a t e r i a l l y  i n c r e a s e d  by addi t iona l  pumping,  sa l t  w a t e r  wi l l  not r e a c h  the 
Pasadena  a r e a  for  m a n y  y e a r s .  

In the G a l v e s t o n  wel l  f ie ld  and at  T e x a s  Ci ty  the s a l t - w a t e r  p r o b l e m  is qui te  
d i f f e r en t .  Salt w a t e r  is known to o c c u r  in the lower  p a r t  of the m a i n  sands  d r a w n  upon 
in t hose  a r e a s .  The  pos i t ion  of  the  sa l t  w a t e r  in the  s ands  downdip, though not de f in i t e ly  
known, p robab ly  is only  a shor t  d i s t a n c e  s o u t h e a s t  of T e x a s  Ci ty .  Wel l s  d r i l l e d  in the 
s a m e  sands  on Ga lves ton  I s l and  y ie ld  sa l t  w a t e r .  C h e m i c a l  a n a l y s e s  of w a t e r  s a m p l e s  
ind ica te  a c e r t a i n  amoun t  of s a l t - w a t e r  e n c r o a c h m e n t  in both the G a l v e s t o n  wel l  f ie ld  and 
T e x a s  Ci ty  a r e a .  The  e n c r o a c h m e n t  p robab ly  has  been  f r o m  below r a t h e r  than  up the dip 
of the f o r m a t i o n .  It is  be ing p a r t l y  c o n t r o l l e d  by use  of s u r f a c e  wa t e r ,  wide spac ing  of 
we l l s ,  and s e l e c t i v e  d i s t r i b u t i o n  of pumping  r a t e s  to keep  d e c l i n e s  of w a t e r  leve ls  as 

s m a l l  as pos s ib l e .  
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Appendix  I 

NOTES ON S E L E C T E D  FOSSIL LOCALITIES IN EASTERN TEXAS 

C o m p i l e d  by 

Ju l ie  E a s t i n  Brock 

"A foss i l  is  s o m e  ev idence  of  a p r e h i s t o r i c  a n i m a l  or  plant ,  p r e s e r v e d  in rock,  
tha t  g ives  a c lue  to the  c h a r a c t e r i s t i c s  of the o r g a n i s m . "  (Co l l inson  - s ee  Bib l iography. )  
If we fol low th i s  de f in i t ion  of a foss i l ,  t hen  t h e r e  a r e  f o s s i l s  in the  s e d i m e n t s  exposed  m 
the s t r e a m  banks and  d i t ches  in Hous ton ,  fo r  in t h e s e  s e d i m e n t s  a r e  f r a g m e n t s  of  Ice  
Age ( p l e i s t o c e n e ) p l a n t s ,  i m p r e s s i o n s  of  t r e e  r oo t s ,  and o t h e r  r a t h e r  o b s c u r e  ev idence  
of  anc ien t  l i fe .  But fos s i l  c o l l e c t o r s  a r e  l ike ly  to be m o r e  i n t e r e s t e d  in the  she l l s  of 
a n i m a l s  which  inhab i ted  anc ien t  s ea s ,  and m a r i n e  s e d i m e n t s  with such  f o s s i l s  do not 
appea r  at  the s u r f a c e  n e a r  Hous ton .  Tha t  is  why the  co l l e c t i ng  l o c a l i t i e s  shown o n t h e  
F o s s i l  L o c a l i t y  Map a r e  al l  s o m e  d i s t a n c e  n o r t h  and w e s t  of  our  c i ty .  

It m u s t  be u n d e r s t o o d  tha t  in o r d e r  fo r  s e a  she l l s  to o c c u r  in l o c a l i t i e s  f a r  
r e m o v e d  f r o m  the p r e s e n t  s e a s h o r e  of  the Gul f  of  Mexico ,  the s e a  had to ex tend  at  l e a s t  
as f a r  in land as the l oca l i t y .  T h a t  m e a n s  the Gul f  of  Mexico ,  s i nce  tha t  body  of w a t e r  
was  f i r s t  f o r m e d  about 125 -mi l l i on  y e a r s  ago, has  been  o v e r  the Hous ton  a r e a  m a n y  
t i m e s .  Some of  the  t i m e s  when the s ea  ex tended  in land  f r o m  i ts  p r e s e n t  b o u n d a r y  a r e  
shown on the  land and sea  m a p s .  T h e r e  w e r e  a l so  t i m e s ,  e s p e c i a l l y  in the  y o u n g e r  
geo log i ca l  ages ,  when the  c o a s t  l ine was  south  of  i ts  p r e s e n t  pos i t ion .  (See P l e i s t o c e n e  
M a p . )  So, the f e a t u r e s  which  we o b s e r v e  today  have  not a lways  ex i s ted ,  and these  
f e a t u r e s  a l so  a r e  not e v e r l a s t i n g .  

No m a r i n e  f o s s i l s  o c c u r  n e a r  Hous ton  b e c a u s e  the  f o r m a t i o n s ,  which a r e  c o m p o s e d  
m a i n l y  of sand  and c lay ,  w e r e  d e p o s i t e d  in n o n m a r i n e  e n v i r o n m e n t s .  Anc ien t  s t r e a m s  
b rough t  the  s e d i m e n t s  f r o m  land a r e a s  to the n o r t h  and w e s t  and depos i t ed  the  s and  and 
c l a y  in c o a s t a l  l akes  and m a r s h e s ,  in de l t a s ,  and in the  s t r e a m  v a l l e y s .  The Hous ton  
a r e a  was  s ink ing  and the  newly  depos i t ed  s e d i m e n t s  w e r e  c o v e r e d  with  even y o u n g e r  
f o r m a t i o n s .  Even though the a r e a  was  s inking,  t h e r e  was  su f f i c i en t  s e d i m e n t  b rough t  by 
the s t r e a m s  to f i l l  the  low c o a s t a l  a r e a s  and p r e v e n t  the  s e a  f r o m  mov ing  in land .  Uplift  
of al l  p a r t s  of  Texas  in land  f r o m  the p r e s e n t  c o a s t  l ine has  exposed  the r o c k s  which w e r e  
depos i t ed  in the anc ien t  s ea s ,  and it is in t h e s e  rocks  that  s e a  she l l s  occu r .  

Geolog ic  h i s t o r y  is known only t h rough  an u n d e r s t a n d i n g  of the b io log ica l ,  phys i ca l ,  
and c h e m i c a l  f o r c e s  which a r e  p r e s e n t l y  ac t ive .  T h u s  we know tha t  c e r t a i n  types  of 
a n i m a l s  now live in the s ea s ,  and when we find foss i l  r e m a i n s  of  s i m i l a r  a n i m a l s  in 
r o c k s  fa r  r e m o v e d  f r o m  a s e a s h o r e ,  we know tha t  the rocks  had a m a r i n e  o r ig in .  
S i m i l a r l y ,  t h e r e  a r e  a n i m a l s ,  as  the c o m m o n  o y s t e r s ,  which l ive m a i n l y  in b r a c k i s h  
wa te r ,  and when  we find abundant  o y s t e r s  in old rocks ,  we i n t e r p r e t  the anc ien t  en v i ro n -  
men t  as b r a c k i s h .  A i r  b r e a t h i n g  a n i m a l s ,  such  as h o r s e s  and s o m e  type of sna i l s ,  l ive 
on land, and rocks  which have such  f o s s i l s  m a y  have  been d e p o s i t e d  in land e n v i r o n m e n t s ,  
though it is pos s ib l e  tha t  bones  and she l l s  of land a n i m a l s  m a y  be t r a n s p o r t e d  by s t r e a m s  
to a b r a c k i s h  or  s h o r e l i n e  e n v i r o n m e n t .  
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The  foss i l  l oca l i t i e s  d e s c r i b e d  h e r e  w e r e  s e l e c t e d  to r e p r e s e n t  d i f f e r en t  env i ron -  
m e n t s  of depos i t ion  as  wel l  as d i f f e r en t  geologic  a g e s .  L o c a l i t i e s  E, F, G, and I expose  
f o s s i l i f e r o u s  s e d i m e n t  which was  depos i t ed  in sha l low open s e a s  qui te  fa r  f r o m  shore ;  
the o y s t e r  bed  at  L o c a l i t y  D a l m o s t  s u r e l y  g r e w  in a bay which connec t ed  with the anc ien t  
Gulf .  Some of the bones  and tee th  which have been found n e a r  Burkev i l l e  at  L o c a l i t y  A 
a re  r e m a i n s  of land a n i m a l s .  However ,  they  o c c u r  in the rock  with b r a c k i s h  sna i l  and 
c l a m  she l l s  so the bones  and tee th  w e r e  ev iden t ly  t r a n s p o r t e d  by s t r e a m s  f r o m  the a r e a s  
w h e r e  the a n i m a l s  l ived and died.  

Respec t  the L a n d o w n e r s  and O b s e r v e  Safe ty  Rules  

M o s t  fos s i l  l oca l i t i e s  a r e  on p r i v a t e  land, and the owner s  of  the  land m a y  objec t  to 
ind iv idua l s  or  g roups  going on the land.  P e r m i s s i o n  should  a lways  be ob ta ined  f r o m  the 
landowner ,  if poss ib le ,  and a c o u r t e o u s  exp lana t ion  g iven  to the  owner  o r  his  agent .  
F o s s i l s  a r e  c o l l e c t e d  for  t h e i r  s c i en t i f i c  i n t e r e s t ,  and usua l ly  they  have  l i t t l e  or  no 
m o n e t a r y  va lue .  

When on p r i v a t e  p r o p e r t y  a lways  be c o n s i d e r a t e  and c o u r t e o u s ,  and do not d a m a g e  
f ences  or  leave ga t e s  open when they  a r e  supposed  to be c losed .  A s m a l l  c h a r g e  m a y  be 
m a d e  to v is i t  s o m e  unusua l  f o s s i l  l oca l i ty  such  as d i n o s a u r  t r a c k s .  

O b s e r v e  all  t r a f f i c  r u l e s  and pa rk  wel l  off  the p a v e m e n t  when  s topp ing  to co l l ec t  
f o s s i l s .  
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FOSSIL LOC~I~ A~ BU~KEVIL~ NEWTON COUNTY~ ~XAS. The fossil localities 
near Burkeville are of special interest to vertebrate paleontologists. Bone 
fra~ents and teeth of murals, reptiles, and fish have been found in the 
clay which is e~osed in gullies ou the south side of Little Cow Creek. 
Oyster shells and other brackish water fossils also occur in the e~osures 
east of Texas Highw~ 87. 

~e rock e~osed in the ~llies is mainly gray cl~ which was 
deposited in a coastal l~oon. Strews which drained the land area to the 
north during this period brought the clay and the skeletons of land animals 
to that ancient body of brackish water. ~e open sea shoreline was many 
miles to the south. (See m~ of Miocene.) 

How to reach the localities on the west side of Texas Highway 87: 
Go south on this highway 1.4 miles from the intersection of Texas Highways 
87 and 63 in Burkeville; tu~ right (west) onto a narrow; dirt road and 
follow it 0.2 mile to its end at Tom Beton's home. ~e gullies are ~out 
0.5 mile farther north. In d~ weather it is possible to drive to the 
gullies from the Beton home. Pass through wire gate and follow obscure 
trails across pasture and through wooded area. ~e gullied prairie is 
extensive~ so there should be no doubt when the locality is reached. About 
30 feet of gray clay is e~osed in the gullies. ~ite limestone nodules are 
abundant on the surface and in the bottom of the gullies. Fossils are rare. 

How to reach the fossil locality east of Texas Highway 87: Go 
south on this highway 0.5 mile from intersection of Texas Highw~s 87 and 
63 in Burkeville; turn left onto old highway, cross bridge over Little Cow 
Creek, and park along old highway 300 yards south of bridge in front of a 
home which is on the north side of the highway. Cross fence and go south- 
east 1/4 mile through woods to gullies in an open prairie area. About 20 
feet of gr~ cl~ is e~osed in the gullies. Oyster shells are abundant on 
the side of one of the ~llies, and bone fra~ents are also co~on at this 
locality. 
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Fossil Locality A - Miocene (Lagarto) clay with 
vertebrate remains found in gullies on south side of 
Little Cow Creek, I mile south of Burkeville and 
1/2 mile west of Texas Highway 87, Newton County, 
Texas. 

~ers 
common 

tebrate 
ains 

Fossil Locality A - Miocene (Lagarto) clay with oys- 
ters and vertebrate remains found in gullies on 
south side of Little Cow Creek, i mile south of 
Burkeville and 1/4 mile east of Texas Highway 87, 
Newton County, Texas. 
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Caldwelll 

FOSSIL LOCALITY B 2 STONE CITY 2 BUP~ESON COUNTY 2 TEXAS. This locality, 
which has been known by geologists for more than i00 years, is perhaps 
the nearest exposure to Houston where abundant marine fossil sea shells 
can be collected. The bluff on the south side of the Brazos River, 
Burleson County, is located just upstres~ from the bridge over the 
river on Texas Highway 21~ 12 miles west of Bryan and 14 miles north- 
east of Caldwell. 

Park cars just off road on south side of bridge; go down 
river bank under the highway bridge, and walk upstream (west) about 
300 yards, passing under railroad bridge, to bluff. About 85 feet of 
section is exposed at low river level. The strata are dipping to the 
east (downstream) so that the older beds are exposed at the western part 
of the bluff. The upper beds, however~ a few feet below the hard lime- 
stone ledge, have the greatestnumber of fossils. The shells are mostly 
small, but many different species of gastropods (snails) and pelecypods 
(clams) are present in the clay and marl which was deposited in a shallow 
sea. (See map of Middle Eocene.) 

View of bluff (Middle Eoceue age) above Brazos 
River at Locality B, Burleson County, Texas. 
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FOSSIL LOCALITY C 7 PENDLETON BLUFF~ SABINE COUNTY~ TEXAS. 
Pendleton Bluff is on the Texas side of the Sabine River 1/4 
mile upstream (to west) from Texas Highway 21 and Louisiana 
Highway 6 to the bridge over the river, 7.3 miles east of 
Milam, Sabine County, Texas. To reach the bluff, park at the 
west end of the bridge at C. N. McGown's grocery and gasoline 
station and walk along trail at the edge of the river bluff. 

The fossils are in gray sandy clay near the base of 
the bluff at low river level, below the hard ledge. The 
fossils tell us that a very shallow sea extended over this area 
during the brief period when they lived and were covered by the 
sand. The sand and clay above the fossil bed were deposited in 
coastal environments when the sea shoreline was pushed farther 
south. (See map of Lower Eocene.) 

Turritella 

View of Pendleton Bluff looking downstream (east). 
Lower Eocene locality are pictured at right. 

Venericardia 

Common fossils found at this 

Photographs reproduced with permission: Wasem~ Richard and Wilbert~ Louis J., Jr., 
1943, The Pendleton Formation, Louisiana and Texas: Journal of Paleontology, 
Vol. 17, No. 2, Figure 2 and Plate 31. 
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FOSSIL LOCALITY D~ 0STREA DUVALI LOCALITY 7 BASTROP COUNTY~ TEXAS. This 
locality, which is i0 miles west of Bastrop, in Bastrop County, is of 
interest because the abundant brackish oyster shells tell us that the 
sea reached almost to this area at least once during a long period when 
the shoreline was mostly far to the south. The coastal body of water 
in which the oysters lived must have connected with the open sea. (See 
map of Lower Eocene.) 

Directions to locality: Go north 1.1 miles on black-top road 
from Texas Highway 71; i0 miles west of Colorado River Bridge at Bastrop 
and 4 miles west of junction of Texas ~{ighways 7] and 21. The locality 
Js a sha]low~ abandoned, and somewhat obscure quarry on the west s~de of 
bhe road, just across wire femce. 

The fossil oyster shells, Ostrea duvali, are scattered over 
the surface of the shallow pit; they are also imbedded in a clayey sand 
which is exposed at the north edge of the pit. The large gravels on 
the surface at this locality were transported to this area during the 

Pleistocene Ice Age. 

z 

Abandoned pit showing abundant ancient oyster shells, 
Bastrop County, Texas. 
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View of abundant oysters of Lower Eocene age 
to be found in pit west of Bastrop, Texas. 

l,l,l,ri,j,,,!,l,,i,i,, i,,,!,i,,: 

Ostrea duvali 
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FOSSIL LOCALITY E~ EXOGYRA PONDEROSA~ MILAM COUNTY~ TEXAS. Fossil locality E 
is the bed of Little Pond Creek, 4 miles south of Rosebud and 0.9 mile north- 
east of the village of Burlington, at the northern edge of Milam County. Follow 
gravel road northeast from U. S. Highway 77 at Burlington, which is 4.3 miles 
south of the main crossroads in Rosebud and 11.8 miles north of the junction 
of U. S. 77 and U. S. 190 in Cameron. Go 0.9 miles on the gravel road and 
park 0.i mile northeast of bridge over Little Pond Creek (two small bridges). 
Cross fence and walk 300 yards southeast across pasture to Little Pond Creek. 

The large (4-8 inches) fossil marine oyster shells (Exogyra ponderosa) 
are abundant in the creek bed. They have been washed out of the soft clay and 
marl which forms the bedrock in this area. Other large fossils are rare, but 
the clay and marl have abundant microscopic marine fossils. The large gravels 
which are also abundant here were brought to this area during the Pleistocene 
or Ice Age. (See map of Upper Cretac ..... 

Little Pond Creek showing the large shells of 
Exogyras to be found at this Upper Cretaceous 
locality (Taylor formation). 
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FOSSIL LOCALITY F; CORBUL A BED~ HAYS COUNTY 2 TEXAS. The map of the Lower 
Cretaceous shows that the Corbula Beds and the associated fossils once lived 
in the fairly shallow seas that formerly covered this area. Here at this 
gently sloping roadcut, the Corbula bed is 6-10" thick, of reddish brown 
limestone about 8' above the level of the road. Below this thin ledge is 
creamy nodular limestone containing echinoids, heart-shaped clams and large 
sea snails. 

To reach Locality F - from the junction of Texas Highway's 32 and 12 
west of San XW2~rcos, go north of Highway 3.2 toward town of Wimberly. From the 
bridge across Blanco River, continue approximately 4. 7 miles to a slight road- 
cut on the west(left) side of the highway. 

Enallaster Salenia Porocystis 
(Echlnoids) (Algae) 

Corbula (Pelecypods) 

Pictured above (natural size) are some of the common fossils to be found at this 
Lower Cretaceous locality, Hays County, Texas. 
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FOSSIL LOCALITY G~ THE NARROWS~ HAYS COUNTY~ TEXAS. This locality is quite 
a spectacular spot in the heart of the "Hill Country". Looking at the Lower 
Cretaceous map one can see that the sea once covered this area during which 
time the coral reef formed. The importance of seeing such an exposure is 
that ancient reefs, such as this one, are extremely rare in Texas and the 
Gulf coastal area. 

To reach Locality G - frem the intersection of U. S. Highway 281 
and Texas Highway 32 south of Blanco, go southeast on Hwy. 32, 6.3miles to 
gravel road on left (east) and turn down this road following it approximately 
three miles to sign "Narrows" on left. This is a well known feature and most 
residents of the area can give additional directions if necessary. 

Note - this is a viewing locality - primarily because it is unlikely 
that the amateur collector can successfully separate a complete coral from 
the hard gray limestone. 

ntastrea 

(Coral) 
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A view of the "Narrows"~ a coral reef of Lower Cretaceous ages Hays County~ Texas. 
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FOSSIL LOCALITY I~ BRADLEY'S TANK~ MCCULLOCH COUNTY~ TEXAS. The fossils at 
this locality once lived in a fairly warm shallow sea during the Pennsylvanian 
time. They are abundant and easily collected from the loose weathered shale 
which forms the sides of the tanks on the Bradley Ranch. 

Locality I may be reached by traveling on U. S. Highway 283 to the 
village of Fife 3 19miles north of Brad~y. At Fife turn due east on the metal 
surfaced road and go one mile from the central part of town. Water tanks formed 
by the piles of tan shale are on either side of this road, Just beyond the fences. 
Again, a reminder - this is private property - try to obtain permission before 
entering. 

Amphis capha Worthenia 
(Gastropods) 

Lophophillid species 

(corals) 

Glabroc ingulum Pelecypod sp. 

Juresania 
(Brachiopod) 

Pictured above (natural size) are some of the common fossils to be found at this 
Pennsylvanian locality, McCulloch County, Texas. 
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Genera l  Sta tement  

The Centra l  Mineral  Region, or Llano area,  affords  the opportuni ty to study many 
aspec t s  of geology.  Numerous  rocks ,  minera ls ,  and foss i l s  may be found here  and 
co l lec ted  with ease .  The excel lent  quali ty of the geologic  exposures ,  and the many rock  
and minera l  types  presen t ,  a r e  a lmos t  unequaled anywhere  e l se  in the United States .  

The Llano region lies along the nor thern  bo rde r  of the Edwards  Plateau near  its 
e a s t e r n m o s t  extension.  The a r ea  is bas in- l ike ,  having been e tched below the level of the 
Edwards  Plateau. Its p resen t  fo rm is due to a combinat ion of s t r u c t u r a l  and e ros iona l  
condit ions.  The geologic  format ions  p resen t  he re  cons i s t  of r emnants  of the th ree  
g r e a t e s t  divis ions (cal led Eras )  of ear th  his tory,  the P recambr ian ,  Paleozoic  and Meso-  
zoic ( see  Table  I on page 60 for a l is t ing of these  units) .  

Desc r ip t ions  of mos t  of the rocks  and minera l s  ment ioned in this s u m m a r y  may  be 
found in the booklet  "Rocks  and Minera l s"  by H e r b e r t  S. Zim and Paul R. Shaeffer ,  
Simon and Schuster ,  New York, 1957, $1.00.  

Summary  of the Geologic H i s to ry  of the Llano Region 

The P r e c a m b r i a n  h i s to ry  of the Llano region can be d e t e r m i n e d  in par t .  Present ly ,  
it is be l i eved  that a g r ea t  m a s s  of sediments ,  p robably  mar ine  in origin, ex i s t ed  h e r e .  
T h e s e  sed iment s  underwent  m e t a m o r p h i s m  and during this t r an s fo rma t ion  f rom one rock 
type to another  w e r e  changed into the g n e i s s e s  and sch i s t s  found today compr i s ing  the 
P r e c a m b r i a n  in terval  in the Cent ra l  Mineral  Region. 

During and following this m e t a m o r p h i s m  the region a lso  underwent  ex tens ive  
igneous intrusion,  folding, and profound e ros ion .  This g r ea t  amount of e ro s ion  is 
d e m o n s t r a t e d  by the fact that igneous rocks  now exposed at the su r f ace  commonly  a re  
ve ry  c o a r s e l y  c rys t a l l i ne .  This  c o a r s e n e s s  of t ex ture  impl ies  that they we re  once deeply 
bur ied  under mi l e s  of over ly ing  sed iments ,  and thus underwent  slow cooling p r o c e s s e s  
which w e r e  conducive to the development  of la rge  c r y s t a l s  (if an igneous rock  exhibits  a 
fine g ra ined  tex ture  cooling p r o c e s s e s  we re  probably  rapid, consequent ly  a shal low depth 
of bur ia l  would be suspec ted) .  

IGeologis t ,  Texaco,  Inc. 
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The  Llano r e g i o n  dur ing  e a r l y  P a l e o z o i c  was  an a r e a  w h e r e  wind b lown s e d i m e n t s  
w e r e  d e p o s i t e d  on a hi l ly ,  but gen t ly  ro i l ing ,  P r e c a m b r i a n  s u r f a c e .  T h e s e  d e p o s i t s  w e r e  
fo l lowed  by  those  r e s u l t i n g  f r o m  e n c r o a c h m e n t  of  C a m b r i a n  s e a s  that  f looded the a r e a  
f r o m  the south,  and eas t ,  t o w a r d s  the  n o r t h w e s t .  An a l m o s t  con t inuous  s e q u e n c e  of 
depos i t i on ,  c o n s i s t i n g  f i r s t  of fine g r a i n e d  sands ,  and then of  l i m e s t o n e s ,  was  p r o m i n e n t  
unti l  the end of O r d o v i c i a n  t i m e s .  Th is  s e q u e n c e  of  even t s ,  and the r e s u l t a n t  depos i t i on ,  
was  fo l lowed  by  a p e r i o d  of  p r o m i n e n t  e r o s i o n  dur ing  which  s e v e r a l  hund red  fee t  of 
s e d i m e n t s  w e r e  r e m o v e d .  

Shal low t u r b u l e n t  s e a s  m o v e d  in o v e r  the f r e s h l y  e r o d e d  s u r f a c e  and depos i t i on  of  
c o a r s e  g r a i n e d  c l a s t i c s  en sued .  G e n e r a l l y  speaking ,  the  Llano a r e a  u n d e r w e n t  a l t e r -  
na t ing p e r i o d s  of s u b m e r g e n c e  and e m e r g e n c e .  Dur ing  the p e r i o d s  of s u b m e r g e n c e  
s e d i m e n t s  of ten  a c c u m u l a t e d  in g r e a t  quan t i t i e s ;  howeve r ,  in the  fo l lowing p e r i o d s  of  
e m e r g e n c e  all ,  o r  at l e a s t  p o r t i o n s ,  of  t h e s e  d e p o s i t s  of ten  w e r e  e r o d e d  away .  

The  ma in  p e r i o d  of uplif t  in the Llano r e g i o n  is thought  to have  o c c u r r e d  in la te  
P a l e o z o i c  t i m e .  Dur ing  this  p e r i o d  s t r u c t u r a l  f o r c e s  w e r e  e x e r t i n g  t h e m s e l v e s  at a 
peak,  and b rough t  about  e l eva t i on  of  the  g e n e r a l  a r e a .  T h e s e  f o r c e s  a l s o  p r o d u c e d  and 
r e g u l a t e d  the p a t t e r n s  d i s p l a y e d  by m o s t  of the fault  s y s t e m s  found h e r e .  

A f t e r  a p e r i o d  of n o n - d e p o s i t i o n  and e r o s i o n  C r e t a c e o u s  s e a s  t r a n s g r e s s e d  and 
c o v e r e d  this  a r e a  c o m p l e t e l y  for  the l a s t  t i m e .  T h i c k  a c c u m u l a t i o n s  of l i m e s t o n e  and 
m a r l  w e r e  d e p o s i t e d  in n e a r l y  ho r i zon t a l  l a y e r s  o v e r  the  e n t i r e  r eg ion .  Fo l lowing  
r e m o v a l  of  the sea ,  due to a w i d e s p r e a d  g e n e r a l  uplift ,  e r o s i o n  r e m o v e d  the C r e t a c e o u s  
c o v e r i n g  o v e r  the  ma in  p o r t i o n  of the  Llano uplif t .  E r o s i o n  con t inued  with r e m o v a l  of 
P a l e o z o i c  s e d i m e n t s .  The  r e s u l t a n t  p i c t u r e  is what  you v iew today  in this  a r e a ,  a P r e -  
c a m b r i a n  b a s e m e n t  complex ,  s u r r o u n d e d  and o v e r l a i n  by Pa leozo ic ,  and M e s o z o i c  r o c k s .  

S e l e c t e d  Stops 

A b r i e f  d e s c r i p t i o n  of s o m e  of the m o r e  i n t e r e s t i n g  l o c a l i t i e s  in this  a r e a  have  
been  t abu l a t ed  by coun t i e s  on the fo l lowing p a g e s .  ( P l e a s e  r e f e r  to e n c l o s e d  ma p  for  
l oca t ion  of  s tops ) .  T h e s e  s i t e s  a r e  of ten  v i s i t ed  by g e o l o g i s t s  t r a v e l i n g  through,  o r  
mak ing  f o r m a l i z e d  s t ud i e s  of, the Llano a r e a .  

L lano  County  

Stop A 

L l a m t e  Dike  - 10 m i l e s  Nor th  of Llano on Highway  16 

T h i s  dike,  o r  r i d g e - l i k e  e x p o s u r e ,  of g r a n i t e  p o r p h y r y  r e p r e s e n t s  the l as t  e p i s o d e  
of  g r a n i t i c  i n t r u s i o n  into P r e c a m b r i a n  s e d i m e n t s .  The  t e r m  " L l a n i t e "  was  f i r s t  
app l i ed  to this  r o c k  b e c a u s e  of  i ts  unique c h a r a c t e r i s t i c s  and i t s  c l o s e  p r o x i m i t y  to 
the town of Llano.  M o r e  a c c u r a t e l y  d e s c r i b e d  th is  r o c k  would  be  t e r m e d  a q u a r t z -  
f e l d s p a r - p o r p h y r y .  It i s  m o t t l e d  r e d  and g ray ,  and shows  many  r e d  f e l d s p a r ,  and 
b lue  q u a r t z  p h e n o c r y s t s ,  in an aphan i t i c  g r o u n d n e s s .  T he  b lue  c o l o r  of  the  q u a r t z  
p h e n o c r y s t s  a p p e a r s  to be  due to r e f l e c t i o n  of  b lue  l i g h t - w a v e s  f r o m  s m a l l  c o l o r -  
l e s s  i nc lu s ions .  
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Stop B 

T o u r m a l i n e  and Rose  Quar tz  ou tcrop  - 1 mi le  north of Llano town squa re  off Highway 16 

C r y s t a l s  of tourmal ine  and r o s e  quar tz  f rom a w e a t h e r e d  pegmat i te  may  be found 
in this a rea .  Look alongside a ranch road  approx ima te ly  one mi le  wes t  of the f i r s t  
g rave l  pit on the wes t  s ide of Highway 16. (Pe rmi s s ion  should be obtained f rom 
local ranch owner  for a c c e s s  to a r e a . )  

Stop C 

Badu Pegmat i te  - 13 mi l e s  wes t  of  Llano on Highway 29 

This pegmat i t e  has s e r v e d  as a c o m m e r c i a l  s o u r c e  of f e ldspa r  (a mine ra l  used  in 
c e r a m i c s  for the making of  pot tery ,  both in the body of the wa re  and in the glaze;  
this minera l  is a l so  commonly  used  as an ab ra s ive ) .  Quar tz  c r y s t a l s  may  a lso  be 
found he re .  

Stop D 

Road Cut Hickory  Sandstone - 8 . 6  mi les  sou theas t  of Llano on Highway 93 

Excel lent  examples  of  faulting exis t  he re  in the Hickory  sands tone  (Upper  Cambr i an  
in age).  This  fe r rug inous  sands tone  m e m b e r  a lso  contains some  r ipple  m a r k s .  A 
nea r ly  ve r t i ca l  fault may  be noted approx ima te ly  100 feet  f rom the north end of the 
road  cut. The d rag  on the d i sp laced  beds  indica tes  that the nor the rn  s ide  moved  
down. 

Stop E 

Honey Creek  - 12.7 mi les  sou theas t  of Llano on Highway 93 

Severa l  exce l len t  geologic  f ea tu res  may be noted h e r e  as  you p r o c e e d  d o w n s t r e a m  
(NE) along the sou theas t  bank of Honey Creek .  

100 ya rds  downs t ream,  g ran i te  pegmat i te  dike one foot thick in t rudes  dark  co lo red  
sch i s t s  and g n e i s s e s .  Since the dike b reaks  a c r o s s  the bedding of these  P r e c a m -  
br ian  rocks  it mus t  be the younger  rock .  

150 ya rds  far ther ,  to l i gh t - co lo red  bed of suga ry  m a r b l e  approx ima te ly  20 feet  
thick. Original ly  this was  a s e d i m e n t a r y  l imes tone  depos i ted  in s ea  w a t e r  but 
m e t a m o r p h i s m  change it into a low-grade  marb l e .  

300 ya rds  f a r t h e r  to a la rge  outcrop of pink rock  jut t ing into the c reek .  This  is the 
Kiam pegmat i te ,  a c o a r s e - g r a i n e d ,  g ran i t ic  dike of fe ldspar ,  quartz,  and muscov i t e  
mica .  At one t ime this a r ea  was p rospec t ive  for  molybdeni te ,  a soft  gray,  meta l l ic  
minera l .  You may find spec imens  of  this minera l  m the white quar tz  on the hill to 
the r ight .  

62 



Stop F 

Limon i t e  Mine - 13 .3  m i l e s  s o u t h e a s t  of Llano off H ighway  93 

A d e p o s i t  of l i m o m t e  was  once  e x p l o i t e d  h e r e  ( l imon i t e  is the c o m m o n e s t  f o rm  of 
i r on  o re ,  but  is a l s o  of the l o w e s t  g r a d e  and u s u a l l y  qu i te  i mpure ;  m a n u f a c t u r e r s  
of  s o m e  of the c h e a p e r  g r a d e s  of y e l l o w  and b r o w n  pa in t s  c o m m o n l y  u se  this  
m i n e r a l ) .  Py r i t e ,  o r  foo l ' s  gold,  may  a l so  b e  found h e r e .  The  p r o m i n e n t  e s c a r p -  
m e n t  in this  a rea ,  e s s e n t i a l l y  p a r a l l e l  to the r o a d  n e a r  the mine  w o r k i n g s ,  is the 
s u r f a c e  e x p r e s s i o n  of  the  Honey  C r e e k  Fau l t .  

Stop G 

M a g n e s i t e  and M a r b l e  Q u a r r i e s  - 3 . 8  m i l e s  south  of Llano off  H ighway  16 

M e t a m o r p h i s m  of i m p u r e  l i m e s t o n e  and d o l o m i t e  r e s u l t e d  in the  f o r m a t i o n  of  the 
two p r o d u c t s  m i n e d  h e r e .  The  m a g n e s i t e  is of high qua l i ty  conta in ing  as much  as  
9 3 - 9 7 ~  m a g n e s i u m  c a r b o n a t e  (the b e s t  qua l i ty  is s l igh t ly  t r a n s l u c e n t  and v a r i e s  in 
c o l o r  f r o m  b l u e - w h i t e  to l ight g r een ) .  Some  o t h e r  m i n e r a l s  found h e r e  a r e  
ch lo r i t e ,  ta lc ,  ca l c i t e ,  py r i t e ,  p y r r h o t i t e  and s e r p e n t i n e .  

Stop H 

S e r p e n t i n e  Q u a r r y  - 8 m i l e s  sou th  of  Llano on Highway  16 

Q u a r r y  is l o c a t e d  w e s t  of  r o a d  n e a r  p r o m i n e n t  d u m p s  now o v e r g r o w n  with g r a s s .  
It e x p o s e s  an i n t r u s i v e  of  P r e c a m b r i a n  m a g n e s i u m - r i c h  r o c k s t h a t  w e r e  a l t e r e d  by 
m e t a m o r p h i s m  into s e r p e n t i n e ,  talc,  ch lo r i t e ,  and t r e m o l i t e .  T he  d a r k  g r e e n  
m a t e r i a l  which  m a k e s  up m o s t  of  the q u a r r y  is s e r p e n t i n e .  At the  l e f t - h a n d  end of 
the q u a r r y ,  up the wall ,  l e n s e s  of  c o a r s e - g r a i n e d  ta lc  m a y  be found. At the o the r  
end of the q u a r r y  a r e  ve ins  of  g r e e n  c h l o r i t e .  Above  the q u a r r y  r i m  a r e  m a s s e s  of 
l ight g r e e n  s o a p s t o n e  and t r e m o l i t e .  T h e s e  m i n e r a l s  a r e  al l  m a g n e s i u m  s i l i c a t e s .  

Stop I 

Enchan ted  R o c k -  21 m i l e s  s o u t h w e s t  of Llano off  Highway 16 

H e r e  you have a ba tho l i th  in e v i d e n c e  at  the  s u r f a c e .  A p p r o x i m a t e l y  10 s q u a r e  
m i l e s  of this  p lu ton  is exposed .  The  p r e d o m i n e n t  r o c k  h e r e  is  that  of a q u a r t z  
m o n z o m t e  g r a d i n g  o u t w a r d l y  into a g r a n o d i o r i t e .  Note  the p r o m i n e n t  spal l ing,  o r  
exfol ia t ion ,  of  th is  g r a n i t i c  m a s s .  A g r e a t  dea l  of h i s t o r i c a l  s i g n i f i c a n c e  m a y  a l so  
be  a t t a c h e d  to this  f e a t u r e .  The  n a m e  " E n c h a n t e d  Rock"  c o m e s  f r o m  the o r ig ina l  
Indian n a m e .  N u m e r o u s  Indian l egends  e x i s t  h e r e  b a s e d  on the e e r i e  sounds  of ten 
h e a r d  at night.  Ac tua l ly  t h e s e  sounds  a r e  due to c o n t r a c t i n g  of  the  r o c k  m a s s  on a 
cool  night  fo l lowing an e x t r e m e l y  hot day  ( the Indians  a t t r i b u t e d  t h e s e  sounds  to 
s p i r i t s ) .  Another  h i s t o r i c a l  even t  that  happened  h e r e  o c c u r r e d  in the  fall  of 1841. 
At that  t ime  Capt .  John C. (Jack) Hays ,  whi le  s u r r o u n d e d  by C o m a n c h e  Indians ,  who 
had cut  h im off f r o m  his  R a n g e r  company ,  r e p u l s e d  the who le  band,  and inf l ic ted  
such  h e a v y  l o s s e s  among  the Indians  that  they  f led.  
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Stop J 

S ixmi l e  G r a n i t e  - 5 m i l e s  w e s t  of  L lano  on H i ghway  152 

E x c e l l e n t  e x p o s u r e s  of  the S ixmi le  g r a n i t e  a r e  found at th is  s top .  This  i n t r u s i v e ,  
c o m m o n l y  conta in ing  xeno l i th s  of  the  Town  Mounta in  g ran i t e ,  is  po in ted  out  due to 
i t s  f i n e - g r a i n e d  t e x t u r e  a s  c o m p a r e d  with the  o t h e r  a r e a  g r a n i t e s .  R e l a t i v e l y  
speak ing ,  the  S ixmi le  g r a n i t e  m u s t  have  c o o l e d  in a much  s h o r t e r  length of t i m e  
than m o s t  of  the  o t h e r  g r a n i t e s ,  thus  ind ica t ing  a sha l l ow  depth  of  b u r i a l .  Ano the r  
th ing noted  h e r e  is  that  the  f e l d s p a r  m a k i n g  up this  g r a n i t e  is g r a y  in c o l o r  r a t h e r  
than pink which  is so  c o m m o n  in the Llano r eg ion .  

Stop K 

M a g n e t i t e  Mine  - 12 .2  m i l e s  n o r t h w e s t  of Llano off  H i ghway  734 

T h i s  is  the  s i t e  of an abandoned  m a g n e t i t e  mine .  S a m p l e s  of  th is  m i n e r a l  can  s t i l l  
be  ob ta ined  h e r e  in s o m e  of  the  t a lus  d u m p s .  Th i s  m i n e r a l  is a v e r y  pure ,  and 
va luab le ,  s o u r c e  of i ron;  it i s  s t r o n g l y  a t t r a c t e d  by  a m a g n e t  and s o m e t i m e s  is 
m a g n e t i c  i t s e l f .  

Burnet  County  

Stop L 

G r a n i t e  Mounta in  Q u a r r y  - . 5 m i l e  w e s t  of M a r b l e  F a l l s  off  H ighway  281 

G r a n i t e  Moun ta in  q u a r r y  was  o r i g i n a l l y  o p e n e d  in 1882; it is c u r r e n t l y  a c t i v e  and 
is  o p e r a t e d  by  the T e x a s  G r a n i t e  C o r p o r a t i o n .  The  r o c k  q u a r r i e d  h e r e  c o m e s  f r o m  
an i n t r u s i v e  m a s s  of P r e c a m b r i a n  g r a n i t e .  Th i s  r o c k  is  c o m p o s e d  m o s t l y  of fe ld-  
s p a r  and qua r t z ,  with s o m e  b i o t i t e  and h o r n b l e n d e .  A d i s t i n c t i v e  f e a t u r e  of  this  
r o c k  is  i t s  t e x t u r e  (it  is  v e r y  c o a r s e - g r a i n e d ;  note  the l a r g e  f e l d s p a r  c r y s t a l s  - 
s o m e  a r e  m o r e  than two inches  a c r o s s ) .  

Al though g r a n i t e  is a c o m m o n  r o c k  t h e r e  a r e  few p l a c e s  w h e r e  it m a y  be q u a r r i e d  
on a p r o f i t a b l e  b a s i s  for  bu i ld ing  s tone .  P r i m a r i l y  th is  is  due to e i t h e r  a c o m p l e t e  
lack  of  n a t u r a l  f r a c t u r e s  which  would  r e q u i r e  e x c e s s i v e  b l a s t i n g  to r e m o v e  the 
s tone ,  o r  a p r o f u s i o n  of  c l o s e ,  i r r e g u l a r  f r a c t u r e s  ex i s t  tha t  would  h inde r  the 
r e m o v a l  of a l a r g e  p i e c e  of  s tone  in tac t .  H o w e v e r ,  in th is  q u a r r y  the  cond i t ions  
s e e m  ideal ,  as  w ide ly  spaced ,  h o r i z o n t a l  f r a c t u r i n g  a l lows  the r e m o v a l  of l a r g e  
b l o c k s .  Once  r e m o v e d ,  t h e s e  b l o c k s  m a y  b e  cut  to the  d e s i r e d  d i m e n s i o n s .  The  
g r a m t e  f r o m  this  q u a r r y ,  c o m m o n l y  r e f e r r e d  to as  " T e x a s  P i n k , "  has  been  u s e d  
for  the fac ings  of  bu i ld ings  not only in T e x a s ,  but  in m a n y  of the  m a j o r  c i t i e s  of  the 
Uni ted  Sta tes ,  and even  in s o m e  fo re ign  c o u n t r i e s .  
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Stop M 

M a r b l e  Fa l l s  Faul t  - . 25 mi le  wes t  of Marb le  Fa l l s  near  city l imits  off Highway 281 

Pennsylvanian l imes tone  has been down faulted on the southeas t ,  against  P r e c a m -  
b r i an  gran i te  on the nor thwes t .  Note how the bedding in the l imes tone  is s t eepened  
by drag  against  the fault.  Cr inoid  s t ems ,  smal l  cy l ind r i ca l  foss i l s ,  may be found 
in the l imes tone .  Chert ,  a type of  s i l ica ,  may  also be obtained.  It is the dark  
colored ,  hard, thin l ay e r ed  beds d i s p e r s e d  i r r e g u l a r l y  through the l imes tone .  

Stop N 

Southwes tern  Graphi te  Mine - 9 mi l e s  nor thwes t  of Burnet off Highway 29 

The graphi te  p roduced  he re  is f rom the Packsaddle  sch i s t .  The  mine is a nar row,  
open pit m o r e  than 1000 feet  long, with s t eep  wal l s  in e x c e s s  of 100 feet  high. All 
the graphi te  p roduced  he re  has been sold for indus t r ia l  use  except  dur ing the y e a r s  
1948-53 when some  of it was government  s tockpi led.  It has been  e s t i m a t e d  that a 
20 y e a r s '  supply of open-pi t  o re  r ema ins .  Some of the main u s e s  of g raphi te  a re  
for  foundry facings, ba t t e r i e s ,  lubr icants ,  c ruc ib l e s ,  and penc i l s .  Other  rocks  in 
the Packsaddle  sequence  found in this a r e a  a r e  mica  schis t ,  hornblende s c h i s t ,  
t ou rmal ine  schis t ,  amphibol i te  and marb l e .  

Stop O 

Sheridan Copper  P rospec t  - 8 mi les  wes t  of Burnet off Highway 29 

The outcrop here  is Packsaddle  sch is t  su r rounded  by Valley Springs gne i s s .  The 
ore  depos i t s  at this local i ty  a re  a s s o c i a t e d  with the many pegma t i t e s  and apli te 
dikes (and the i r  a s s o c i a t e d  hyd ro the rma l  fluids) that cut a c r o s s  these  fo rmat ions .  
Active mining ven tu res  have been going on in this a r e a  s ince  1912, howeve r ,  
economic  product ion  has neve r  been es tab l i shed .  Some of the m i n e r a l s  that may 
be found he re  a r e  sphaler i te ,  chalcopyr i te ,  galena, a r senopyr i t e ,  magnit i te ,  
f lourite,  and mica  (two va r i e t i e s  of mica  may be co l l ec ted  here ,  muscov i t e  and 
biot i te) .  

Stop P 

Longhorn Cavern  - 9 .8  mi l e s  southwest  of Burnet off U. S. Highway 281 

A g rea t  length of t ime  and enormous  amounts  of w a t e r  have e roded  and e tched 
Lower  Pa leozoic  l imes tone  into the winding p a s s a g e w a y s  and i m m e n s e  c h a m b e r s  
seen  today in this cave rn .  Guided tours  a r e  conducted dai ly  through this geologic  
wonder .  

This  cave  is a lso  s t eeped  in h i s to r i ca l  s igni f icance .  It has been used  by outlaws as 
a hiding place,  and during the Civil War  it was  used  by the Confedera te  Army as a 
p lace  where  they manufac tu red  and s to red  gun powder .  
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Appendix 111 

GLOSSARY OF TECHNICAL TERMS 

(Many of the definit ions given below a re  modif ied 
Geology and Rela ted  Sc iences"  by J. V. Howell et al; 
Washington, D . C . ,  1957.) 

f rom those given in " G l o s s a r y  of 
the Amer i can  Geological  Institute, 

ANTIC LINE An upfold in the rocks  of the ea r th  where  the beds dip in opposi te  
d i rec t ions  f rom a common r idge  or  axis .  

APHANITIC Having a t ex ture  so  fine that the individual gra ins ,  or  c rys t a l s ,  
cannot be dis t inguished with the naked eye.  

APLITE A fine g ra ined  grani te .  

BATHO LITH Vast  i r r e g u l a r  m a s s e s  of igneous rocks  that c ry s t a l l i z ed  at depth 
and have been exposed by e r o s i o n ( u s u a l l y  they have a surf i tce a r ea  
of 40 squa re  mi les  or more) .  

BED The s m a l l e s t  divis ion of a s t r a t i f i ed  s e r i e s  of rocks ,  and marked  
by a more  or  l e s s  well defined divis ional  plane f rom its ne ighbors  
above and below. 

BUOYANCY Power  of suppor t ing a floating body; the upward fo rce  exe r t ed  upon 
an i m m e r s e d  or  floating body by a fluid. 

CLOSURE St ruc tu re  of beds  as shown by contour  l ines when one or  m o r e  
contour  l ines " c l o s e s , "  o r  is continuous and enci rc l ing.  Fo r  an 
anticl inal  s t ruc tu re ,  the amount of c l o su re  is the ve r t i ca l  d is tance  
be tween  the top of the s t r u c t u r e  and the lowest  level  at which a 
continuous enc i rc l ing  contour  can be drawn. 

CONTOUR Line connect ing points of equal value on a map; in this booklet  
mos t  commonly  points of equal e levat ion.  

DEPOSITION The laying down of potential  r o c k - f o r m i n g  mater ia l ;  sedimenta t ion .  

DIP The angle at which a bed, fault, (or  any planar  feature) ,  is incl ined 
f rom the hor izonta l .  The e levat ion of the bed b e c o m e s  lower  in 
the d i rec t ion  of dip. 

DOME A (roughly s y m m e t r i c a l ) u p f o l d  or  anticl ine with beds dipping in all 
d i rec t ions  m o r e  or  l e ss  equal ly.  

EXFO LIATION A p r o c e s s  whe reby  s u c c e s s i v e  shee ts  of rock a re  split,  or  peeled,  
off the paren t  m a s s .  
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EXTRUSIVE 

F A U L T  

FORMATION 

F R A C T U R E  

GEOSYNC LINE 

GNEISS 

GRANITE 

H Y D R O T H E R M A L  
FLUIDS 

IGNEOUS 

IMPERMEABLE 

INTRUSIVE 

LITHO LOGY 

M A R L  

METAMORPHIC 

M I N E R A L  

Igneous  rock  that  so l i d i f i ed  f r o m  m e l t e d  r o c k ( l a v a )  a f t e r  it r e a c h e d  
the s u r f a c e  of the e a r t h .  It is d i s t i n g u i s h e d  f rom i n t r u s i v e  igneous  
r o c k  by its g l a s s y  to f i n e - g r a i n e d  t e x t u r e .  

A f r a c t u r e  in the  r o c k s  of the  e a r t h  a long which  t h e r e  has b e e n  
d i s p l a c e m e n t  of the two s i d e s  r e l a t i v e  to one ano the r  p a r a l l e l  to 
the  f r a c t u r e .  Fau l t  c l a s s i f i c a t i o n  is v e r y  c o m p l e x  and wil l  not be 
d i s c u s s e d  h e r e .  H o w e v e r ,  a l m o s t  all  of the  fau l t s  in the Hous ton  
a r e a  a r e  c l a s s i f i e d  as " n o r m a l  f au l t s , "  which  m e a n s  that  the fault  
p lane  is inc l ined  and that  the s ide  that  o v e r h a n g s  has  m o v e d  down- 
w a r d  r e l a t i v e  to the o the r  s ide .  

An a s s e m b l a g e  of  r o c k s  that  have  s o m e  c h a r a c t e r  in c o m m o n  that  
p e r m i t s  the g e o l o g i s t  to iden t i fy  and map  it as  a unit .  

An open b r e a k  of  any d i m e n s i o n s .  

An e l o n g a t e d  a r e a  of r e g i o n a l  ex ten t  that  s u b s i d e d  m o r e  o r  l e s s  
c o n t i n u o u s l y  for  a v e r y  long p e r i o d  of t ime ,  and was  f i l l ed  with 
s e d i m e n t s  a l m o s t  a s  fas t  a s  it s u b s i d e d  so  that  a th ick  s e c t i o n  of 
s e d i m e n t a r y  r o c k s  a c c u m u l a t e d .  

A m e t a m o r p h i c  rock  having the m i n e r a l s  a r r a n g e d  in m o r e  o r  l e s s  
m a s s i v e  bands .  

An igneous  r o c k  c o n s i s t i n g  p r i m a r i l y  of q u a r t z  and f e ldspa r ,  is 
g r a n u l a r ,  and u s u a l l y  light c o l o r e d .  

Hot  m i n e r a l  w a t e r s  a s s o c i a t e d  with igneous  i n t r u s i o n s .  

Rock  that  so l i d i f i ed  ( c r y s t a l l i z e d )  f r o m  hot l iquid  r o c k  ( m a g m a ) .  

I m p e r v i o u s ;  t e r m  app l i ed  to s t r a t a  having  a t e x t u r e  that  does  not 
p e r m i t  the  p e n e t r a t i o n  of  wa te r ,  p e t r o l e u m ,  o r  na t u r a l  g a s .  

Igneous  r o c k  that  so l id i f i ed  wi thout  r e a c h i n g  the  s u r f a c e .  It is 
d i s t i n g u i s h e d  f r o m  e x t r u s i v e  igneous  r o c k  by  i ts  c o a r s e - g r a i n e d  
t e x t u r e .  

The  s tudy  of the  c o m p o s i t i o n  and t e x t u r e  of r o c k s .  

A s e d i m e n t a r y  r o c k  c o n s i s t i n g  of  rough ly  equa l  p r o p o r t i o n s  of c l a y  
and c a l c i u m  c a r b o n a t e  ( l i m e s t o n e ) .  

R o c k s  that  f o r m e d  by the  a I t e r a t i o n  of  o l d e r  r o c k s  benea t h  the 
e a r t h ' s  s u r f a c e  due to heat ,  p r e s s u r e ,  a n d / o r  c h e m i c a l l y  ac t i ve  
f lu ids .  

A n a t u r a l l y - o c c u r r i n g  s u b s t a n c e  p r o d u c e d  by  p r o c e s s e s  of inor -  
gan ic  na tu re ,  u s u a l l y  having a def in i te  c h e m i c a l  c o m p o s i t i o n  and a 
c h a r a c t e r i s t i c  a t o m i c  s t r u c t u r e .  
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PEGMATITE 

PERMEABLE 

PERMEABILITY 

PHENOCRYSTS 

PINCH OUT 

PLUTON 

POROSITY 

POROUS 

PORPHYRY 

RESERVOIR 

ROCK 

SALT DOME 

SCH EMATIC 

SCHIST 

SEDIMENT 

SEDIMENTARY 

SHALE 

A c o a r s e  g r a i n e d  g r a n i t e .  

Pe rv ious ;  having  c o m m u n i c a t i n g  p o r e s  o r  i n t e r s t i c e s  tha t  p e r m i t  
f luids to m o v e  t h r o u g h  the  rock .  

The  capac i ty  of a r o c k  to t r a n s m i t  f luid.  

Individual  c r y s t a l s  e m b e d d e d  in a f ine g r a i n e d  g r o u n d m a s s  o f  ig- 
neous  rock .  The  c r y s t a l s  a r e  u sua l ly  v i s ib l e  to  the  naked  eye .  

When a s t r a t u m  b e c o m e s  t h i n n e r  and t h i n n e r  as  i t  is  t r a c e d  in 
s o m e  d i rec t ion ,  unt i l  i t  f inal ly  d i s a p p e a r s ,  the  s t r a t u m  is  sa id  to 
p inch  out.  

Any body of igneous  r o c k  tha t  c r y s t a l l i z e d  at  depth,  r e g a r d i e s s  of 
the  shape  of  the  r o c k  m a s s .  

The  r a t i o  of the  v o l u m e  of  al l  p o r e  s p a c e  to the  to ta l  (bulk) v o l u m e  
of  a g iven  s a m p l e  of rock ,  u sua l ly  e x p r e s s e d  in p e r c e n t .  

Conta in ing  voids ,  p o r e s ,  i n t e r s t i c e s ,  o r  o the r  open ings  which  m a y  
o r  m a y  not  be connec ted .  

An igneous  r o c k  in which  l a r g e  c r y s t a l s  ( p h e n o c r y s t s )  a r e  se t  in a 
f ine g r a i n e d  g r o u n d m a s s .  

A n a t u r a l  u n d e r g r o u n d  c o n t a i n e r  of f luids ,  such  as  oil,  wa te r ,  o r  
g a s .  Also  tha t  p o r t i o n  of  a t r a p  wh ich  con ta ins  oil  a n d / o r  gas  in a 
s i ng l e  h y d r a u l i c a l l y  connec t ed  s y s t e m .  

Any n a t u r a l l y - f o r m e d  a g g r e g a t e  o r  m a s s  of m i n e r a l  m a t t e r  con-  
s t i t u t ing  an e s s e n t i a l  and a p p r e c i a b l e  p a r t  of the  e a r t h ' s  c r u s t .  

A d o m e  r e s u l t i n g  f r o m  the  u p w a r d  m o v e m e n t  o r  i n t r u s i o n  of a sa l t  
m a s s .  

D i a g r a m m a t i c ;  cons t i t uen t s  of a p a t t e r n  p l a c e d  a c c o r d i n g  to a 
s c h e m e  or  e x p l a n a t o r y  des ign .  

A fo l ia ted  m e t a m o r p h i c  r o c k  ( m a d e  up of m i n e r a l s  that  have  been  
e longa ted  or  f l a t t ened  into a f l aky - l i ke  m a s s ) .  

Sol id m a t e r i a l  s e t t l ed  f r o m  s u s p e n s i o n  o r  so lu t ion  in a l iquid.  

Rocks  that  have b e e n  f o r m e d  at the  s u r f a c e ,  e i t h e r  by the  a c c u m u -  
la t ion  a n d  c e m e n t a t i o n  of f r a g m e n t s  o f  r o c k s ,  m i n e r a l s  a n d  
o r g a n i s m s ,  o r  as  p r e c i p i t a t e s  f r o m  sea  w a t e r s .  

A l a m i n a t e d  s e d i m e n t  in which  the  cons t i t uen t  p a r t i c l e s  a r e  p r e -  
d o m i n a n t l y  clay;  a l a m i n a t e d  c l a y s t o n e .  
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SPECIFIC GRAVITY 

STRATIGRAPHIC 
TRAP 

STRATIGRAPHY 

STRIKE 

S TRUCTURE 

STRUCTURAL 
F E A T U R E  

SUBSIDENCE 

SYNCLINE 

T E X T U R E  

TRAP 

XENOLITH 

The  r a t i o  of the  weight  of  a s u b s t a n c e  to the  weigh t  of an equal  
v o l u m e  of w a t e r .  

A type of t r a p  which  r e s u l t s  f o m  v a r i a t i o n s  in the  l i thologic  
c h a r a c t e r  of the  r e s e r v o i r  r o c k .  

T h e  b r a n c h  of Geology which  t r e a t s  of  the  a r r a n g e m e n t  of  s t r a t a ;  
the  fo rma t ion ,  compos i t i on ,  s equence ,  and c o r r e l a t i o n  of  the  
s t r a t i f i e d  r o c k s  as  p a r t s  of  the  e a r t h ' s  c r u s t .  

The  l ine f o r m e d  by the  i n t e r s e c t i o n  of  a s t r a t u m  or  p l a n a r  f e a t u r e  
wi th  a ho r i zon t a l  p lane .  The  d i r e c t i o n  of s t r i k e  is  at  r i gh t  ang les  
to the d i r e c t i o n  of dip. 

T h e  s u m  tota l  of the  s t r u c t u r a l  f e a t u r e s  of an  a r ea .  

F e a t u r e s  p r o d u c e d  in the  r o c k  by m o v e m e n t s  a f t e r  depos i t ion .  

Sinking of a p a r t  of the  e a r t h ' s  c r u s t .  

A downfold  in r o c k s  of the  e a r t h  w h e r e  the  s t r a t a  dip i nward  f r o m  
both  s ides  t o w a r d  the  axis .  

Size and shape  of  the  cons t i t uen t  p a r t i c l e s  of a r ock .  

A body of r e s e r v o i r  r o c k  o c c u r r i n g  u n d e r g r o u n d  u n d e r  s t r u c t u r a l  
a n d / o r  s t r a t i g r a p h i c  condi t ions  that  r e s u l t  i n  the  t r a p p i n g  o f  
m i g r a t i n g  oil  a n d / o r  ga s .  

A f r a g m e n t  of  o l d e r  r o c k  e n c l o s e d  in a younge r  body of  igneous  
rock .  
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