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ABSTRACT 

Principal  f a u l t  sys t ems  in t h e  E a s t  Texas  Basin w e r e  examined  in t e r m s  of t h e i r  

dis tr ibut ion,  geomet ry ,  d isp lacement  history,  and possible origins. All t h e  f a u l t s  s tudied  

a r e  normal  and moved syndepositionally ove r  approximate ly  120 Ma  (million years); s o m e  

have  l i s t r ic  shapes and  associa ted  rol lover  anticlines. The  f a u l t s  fo rmed  by processes 

assoc ia ted  wi th  gravi ta t ional ly  induced c r e e p  of t h e  Louann Sa l t ,  such  as gliding over  a 

s a l t  d6col lement  zone,  c r e s t a l  ex tens ion  and col lapse  over  salt pillows and t u r t l e  

s t ruc tu re s ,  and s a l t  withdrawal f r o m  benea th  downthrown blocks. None of t h e  f au l t  zones  

w e r e  caused  by margina l  f l exu re  of t h e  basins or  s a l t  diapirism; t h e r e  i s  l i t t l e  evidence of 

basemen t  control .  Pauc i ty  of d a t a  p reven t s  a re l iab le  i n t e rp re t a t ion  of t h e  Mount  

En te rp r i se  Faul t ,  b u t  our  d a t a  suggest  t h a t  none of t h e  f au l t  z o n e s  in t h i s  basin pose a 

se ismic  t h r e a t  t o  a hypothe t ica l  nuclear -was te  reposi tory in t h e  Gulf Coas t  a r e a .  

INTRODUCTION 

S a f e  con ta inmen t  of high-level nuclear  was tes  in geologic f o r  mations requires t h a t  

was t e s  b e  isolated in a n  envi ronment  f r e e  f r o m  risk of s eve re  ear thquakes .  This s tudy  

examines  t h e  distr ibut ion,  geomet ry ,  d isp lacement  history,  and  possible origins of t h e  

principal f a u l t  sys t ems  of t h e  E a s t  Texas  Basin t o  assess the  r isk of s e i smic  shock to a 

potent ia l  nuclear -was te  reposi tory in t h e  Gulf Coas t  a r ea .  Radia l  fau l t s  ove r  diapirs a r e  

not  discussed in th is  paper because  of t h e i r  small  s i ze ,  local  dis tr ibut ion,  and  obvious 

re la t ion  t o  diapir ic  c r e e p  of sal t .  In this  r e p o r t  t h e  r e a d e r  is a s sumed  t o  b e  fami l ia r  w i t h  

t h e  s t ra t igraphy of t h e  Eas t  Texas  Basin, as summar ized  in f igure  1. 

STRUCTURAL FRAMEWORK 

H m a p  of t h e  t ec ton ic  s e t t i n g  of t h e  Eas t  T e x a s  Basin (fig. 2) r e v e a l s  t ha t  t h e  

wes t e rn  and nor thern  margins of t h e  basin coincide wi th  o ther  geologic  s t r u c t u r e s  varying 

f r o m  Pennsylvanian t o  T e r t i a r y  age. T h e  Pennsylvanian Ouach i t a  fold a n d  thrus t  b e l t  

c rops  o u t  in Arkansas  and Oklahoma and extends  t o  southwest  Texas  b e n e a t h  Mesozoic 

cove r  (Thomas, 1976). S t r a t a l  shor tening  of Ouach i t a  m a r i n e  deposi ts  gene ra t ed  

northwest-verging fo lds  and thrus ts .  Ear ly  Mesozoic cont inenta l  r i f t ing  of t h i s  Pa leozoic  

t e r r a n e  c a n  be  in fe r r ed  f rom t h e  conf inemen t  of t h e  Triassic  E a g l e  Mills r i f t  c las t ics  t o  
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Figure 1. Stratigraphic column of the East Texas Basin. 
Horizons 1 through 3 (arrowed)refer to  horizonsselected 
for subsurface fault maps (figs. 6-8) (after Wood and 
Guevara, 1981). 
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Figure 2. Regional tectonic setting of the East Texas Basin. Position of Angelina Flexure is mapped at base of Austin Chalk. 
Adapted from Martin (1978). 

grabens and half grabens parallel t o  t h e  Ouachita t rends  (Salvador and Green,  1980). 

Fur ther  subsidence allowed marine incursions t h a t  deposited the  evaporit ic Louann Salt on  

a n  eroded post-rift,  pre-breakup terrane.  The updip limit of t h e  Louann S a l t  (fig, 2) i s  

also parallel t o  the  Ouachita trends,  which indicates t h a t  during t h e  Jurassic t h e  Ouachita 

a r e a  was st i l l  elevated with respect  t o  t h e  subsiding Eas t  Texas Basin. A poorly defined 

monoclinal hinge line is present updip of t h e  Louann Salt  (fig. 2), but is t o o  weak t o  

delineate t h e  western and northern margins of the  basin. This p a r t  of the basin margin is  

therefore  defined by t h e  Mexia-Talco Faul t  Zone, a peripheral graben system act ive  f rom 

t h e  Jurassic t o  the  Eocene t h a t  coincides with t h e  updip l imit  of t h e  Louann Salt .  



T h e  Sabine Arch ,  a broad  s t r u c t u r a l  dome,  f o r m s  t h e  e a s t e r n  margin  of t h e  basin. 

T h e  southern  margin  of t h e  basin is def ined  by t h e  Angelina Flexure ,  a h inge  line t h a t  is 

genera l ly  monoclinal at i t s  ends  and anticl inal  in  t h e  middle. T h e  Elkhart-Mount 

En te rp r i se  Fau l t  Zone  ex tends  f rom just no r th  of t h e  wes tern  e n d  of t h e  Angelina F l e x u r e  

t o  t h e  c e n t e r  of t h e  Sabine Arch  (fig. 2). 

T h e  gross s t r u c t u r e  of t h e  Eas t  T e x a s  Basin cons is t s  of regular  basinward dips in  t h e  

e a s t ,  wes t ,  and no r th  (fig. 3) and  a low rim in t h e  south a long  t h e  Angelina Flexure .  

Deformat ion  within t h e  basin appears  t o  b e  r e l a t e d  solely t o  large-scale,  gravi ta t ional ly  

induced c r e e p  of s a l t  (halokinesis). As a resul t  of s a l t  flow, t h e  synclinal f o r m  of t h e  E a s t  

Texas  Basin has  been  d i s to r t ed  by t h r e e  types  of second-order  an t ic l ina l  s t ruc tures :  

(1) s a l t  pillows, which a r e  la rge ,  low-amplitude upwarps c o r e d  by sa l t ;  (2) sa l t  d iap i rs ,  

which a r e  subvert ical ,  cyl indrical  s a l t  s tocks  t h a t  have  p ierced  t h e  a d j a c e n t  s t r a t a ;  and  

(3) t u r t l e  s t ruc tu re s ,  which a r e  s a l t - f r ee  growth  ant ic l ines  f o r m e d  not  by arching  of t h e i r  

c r e s t s  b u t  by subsidence of the i r  f lanks  d u e  t o  co l lapse  of underlying s a l t  pillows du r ing  

sa l t  diapirism (Trusheim, 1960). These  t h r e e  types  of an t ic l ine  a r e  t e r m e d  "sa l t - re la ted  

structures."  Thei r  dis tr ibut ion is such t h a t  a peripheral  zone  of planar s a l t  surrounds a n  

i r regular  a r e a  of s a l t  pillows which, in turn ,  sur rounds  sa l t  d iap i rs  in t h e  c e n t e r  of t h e  

basin where  t h e  Louann Sa l t  is th ickes t  (fig. 4). 

MEXIA-TALC0 FAULT ZONE 

T h e  Mexia and  Talco  F a u l t  Zones a r e  e a c h  def ined  by str ike-paral lel  normal f a u l t s  

forming narrow grabens. T h e s e  two  zones  of para l le l  fau l t s  a r e  connec ted  by a zone of e n  

echelon  normal fau l t s ,  t e r m e d  t h e  " G r e a t  Bend," in  Kaufman a n d  Hunt Counties .  F a u l t  

dis tr ibut ions at t h e  s u r f a c e  and at t h r e e  subsu r face  horizons ( r e fe r  t o  fig. 1 f o r  

s t r a t ig raph ic  levels)  a r e  shown in f igures  5 through 8. 

T h e  graben geomet ry  of t h e  Mexia F a u l t  Zone  i s  conf i rmed by a c ros s  sect ion,  based  

on well-log d a t a  (fig. 9), i l lustrat ing a compound g raben  with mul t ip le  downthrows t o w a r d  

i t s  cen te r .  However,  well d a t a  a r e  insuff icient  t o  def ine  t h e  three-dimensional  s h a p e  of  

t h e  f a u l t  sys tem o r  t o  e luc ida t e  i t s  origin. Se ismic  ref lec t ion  profiles i nd ica t e  t h a t  t h e  

graben i s  based in t h e  wedgeout  zone  of t h e  Louann Sa l t  or ,  updip of th is ,  in  the  b a s e  of 

t h e  Smackover Forma t ion  (figs. 10 and 11). The  Mexia  Fau l t  Zone  over l ies  t h e  boundary  

f a u l t  of a half graben conta in ing  Eag le  Mills red beds  (Jackson and Harr i s ,  1981), wh ich  

sugges ts  t h a t  t h e  locat ion of t h e  f a u l t  zone  h e r e  w a s  cont ro l led  part ly by  Triassic  r i f t  

f a u l t s  and par t ly  by t h e  updip l imit  of t h e  Louann Salt.  A m o r e  de t a i l ed  view of t h e  

ltlexia F a u l t  Zone  f a r t h e r  nor th ,  in t h e  f o r m  of a t ime-to-depth conve r t ed  seismic s e c t i o n  
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Figure 3. Structural cross sections across the East Texas Basin. After Wood and Gue\ara (1981). 
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Figure 4. Map of the East Texas salt-diapir and salt-pillow provinces based on borehole and gravity data. Bulge to the 
southwest in Nacogdoches and Rusk Counties contains numeroussmall pillows not shown on map. Adapted from Wood (1981). 
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Figure 5. Surface fault traces in the East Texas Basin. After Barnes (1965, 1966, 1967, 1968, 1970, 1972). 



Figure 6. Fault traces on horizon 1 (base of Austin Chalk) and their relation to salt diapirs, salt pillows, and turtle structures. 
Fault traces from GEOMAP Company (1980). 



Figure 7 .  Fault traces on horizon 2 (top of Paluxy Formation, base of Massive Anhydrite, top of James Limestone, top of 
Pettet Limestone) and their relation to salt diapirs, salt pillows, and turtle structures. Fault traces from GEOMAP Company 
(1980). 



Figure 8. Fault traces on horizon 3 (base of "Bmlime, top of Gilmer Formation, top of Smackover Formation, topof Paleozoic 
basement) and their relation to salt diapirs, salt pillows, and turtle structures. Fault traces from GEOMAP Company (1980). 
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Figure 9. Cross section of Mexia Fault Zone based on well logs (dots define base of wells). A graben defined by multiple faults 
interrupts the homoclinal basin margin. 
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1 (fig. 1 I), i l lus t ra tes  severa l  impor t an t  fea tures :  (1) a l l  t h e  f a u l t s  a r e  homothe t i c  r a t h e r  

t han  an t i t he t i c ,  in t h a t  t hey  increase  t h e  s t ruc tu ra l  rel ief ;  (2) t h e  pre-Louann basement  is 

not  f l exed  below t h e  f a u l t  z o n e  (nor in t h e  o the r  t w o  se ismic  l i nes  examined i n  this  study); 

(3)  t h e  graben is symmet r i ca l ,  and  t h e  f a u l t  t r a c e s  a r e  not  s t rongly  curved;  (4) increas ing  

throws downward indica te  syndeposi t ional  faul t ing;  (5 )  t h e  basa l  s t r a t a  in  t h e  c e n t r a l  

graben a r e  missing, implying a mobile subs t ra tum such  a s  s h a l e  o r  s a l t  in t h e  C o t t o n  

Valley-Hosston in terva l ;  and  (6) t h e  Louann Sa l t  wedges  o u t  toward  t h e  base of t h e  

graben,  where  i t  is so thin t h a t  i t s  t op  and bot tom re f l ec to r s  merge .  

Throws on f a u l t s  of t h i s  graben s y s t e m  were  analyzed on  1 4  t r a v e r s e  lines s p a c e d  

approximate ly  25  km a p a r t  and  or ien ted  normal  t o  t h e  s t r i ke  of t h e  grabens,  thus  para l le l  

t o  dip s l ip (fig. 7). All  downthrows a r e  re la t ive .  T h e  following p a r a m e t e r s  were  used i n  

t h e  analysis: 

Measured downthrow with t rans la t ion  of downthrown block t o  north o r  wes t  t o w a r d  

p l a t fo rm = +di. 

Measured downthrow with t rans la t ion  of downthrown block t o  sou th  or east toward E a s t  

Texas  Basin = -die 
n 

Nor th  downthrows = C + di 
i =  1 

n 
South  downthrows = - dj  

i =  1 
n 

To ta l  downthrow = 1 /dil 
i =  1 

n 
N e t  downthrow = di = [, + + [. 

i =  1 I =  1 1 =  1 

A graph of t o t a l  downthrow (fig. 12, c e n t e r )  indica tes  t h a t  m o s t  d i sp l acemen t  took p l a c e  

in t h e  zones  of paral lel  f au l t i ng  (up t o  600 m o f f s e t  at t h e  b a s e  of t h e  Austin Chalk), 

r a t h e r  t h a n  in t h e  in tervening  e n  echelon  zone  ( t r a v e r s e  lines 5 and  6). T h e s e  cumula t ive  

l ~ e n n i s  and  Kelley (1980) emphas ized  t h e  original concept  of a n t i t h e t i c  a n d  s y n t h e t i c  
s t r u c t u r e s  (Cloos, 1928) as fo rming  by small-scale movemen t s  t h a t  r educe  o r  increase ,  
respect ively,  relief of large-scale coeval  s t ruc tures .  They a l so  suggested using "homo- 
the t ic"  ( a f t e r  Lo tze ,  1931) r a t h e r  t han  "synthetic" t o  avoid ambiguity.  O t h e r  c o m m o n  
defini t ions of syn the t i c  and  a n t i t h e t i c  s t ruc tu re s  a r e  of negligible use  to s t r u c t u r a l  
geologists. 
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Figure 12. Bar graphs of throws inferred f rom structure-contour maps of the Mexia-Talco Fault  Zone. Traverse lines (see fig. 7 
for location) are oriented parallel t o  dip slip and are roughly equally spaced. Total  downthrow refers to sum of absolute throws 
recorded along each traverse line. North and south downthrows refer to sum of downthrows toward platform and East Texas  
Basin, respectively, along each traverse line. Net downthrow represents the difference between north and sou th  downthrows 
along each traverse line. See text for mathematical definitions. Data from GEOMAP Company (1980). 



th rows along e a c h  t r a v e r s e  l ine  can  b e  resolved i n t o  south downthrows toward  t h e  bas in  

and nor th  downthrows toward  t h e  p l a t fo rm (fig. 12, top). Ba lance  be tween  downthrows i n  

t h e s e  opposing d i rec t ions  i s  indica ted  by t h e  re la t ive ly  low n e t  downthrows (fig. 12, 

bot tom),  thus conf i rming t h e  s y m m e t r y  of t h e  per iphera l  graben throughout  i t s  length. 

T h e  Mexia-Talco f a u l t s  were  a c t i v e  f rom t h e  Jurass ic  (and possibly t h e  Tr iass ic )  

until  at least t h e  Eocene--the youngest  o f f s e t  s t r a t a  exposed. According to Turk, K e h l e  

and Associa tes  (1978), Qua te rna ry  t e r r a c e s  ac ros s  these  f a u l t s  have n o t  been o f f s e t ,  

indicat ing t h a t  fau l t ing  ended during t h e  Ter t ia ry .  

C e r t a i n  hypotheses on t h e  origin of t h e  Mexia-Talco F a u l t  Zone are cons idered  

untenable.  The  lack  of ev idence  of underlying basemen t  f au l t s ,  a p a r t  f r o m  a possible 

connect ion  with Triassic  r i f t  f a u l t s  observed  in o n e  seismic l ine,  suggests  t h a t  d i f f e ren t i a l  

movemen t  in pre-Mesozoic c r u s t  is n o t  a likely c a u s e  of t h e  f au l t  zone.  Similarly,  

negligible f l exu re  of pre- o r  post-Louann s t r a t a  in  t h e  t h r e e  seismic l ines  examined  

precludes c r e s t a l  rupturing a long a hypothe t ica l  h inge  line at t h e  basin margin  (proposed 

by Co l l e  and o thers ,  1952, and  Turke,  Keh le  and Associates ,  1978) as a c a u s e  of faul t ing.  

Although t h e  graben s y s t e m  is symmet r i ca l ,  t h e  pronounced and uni form c e n t r i p e t a l  

s t r a t a l  dips i nd ica t e  t h a t  t h e  ex tens ion  d i rec t ion  mus t  have  been  downdip toward t h e  

c e n t e r  of t h e  basin. Symmet r i ca l  grabens  produced expe r imen ta l ly  by downslope c r e e p  of  

c lay  have  been modeled by Cloos  (1968). In Cloos's model, g rabens  fo rmed  at the  junct ion 

be tween  a s t a b l e  s lab  and o n e  creeping  la te ra l ly ,  a n d  within t h e  moving s l a b  itself.  T h e  

symmet r i ca l  g raben  in t h e  c l ay  model  closely resembles  t h a t  i n  the  Mexia-Talco F a u l t  

Zone  (compare  figs. 11  and 13). Near  co inc idence  be tween  t h e  updip l imi t  of t he  Louann  

Sa l t  and t h e  g raben  sys t em suggests  t h a t  t h e  highly mobile evapor i tes  provided a w e a k  

dkcol lement  layer  over  which t h e  overburden slowly glided t o w a r d  t h e  c e n t e r  of t h e  basin.  

This hypothesis was  also suppor ted  by Crosby (1971) on t h e  basis  of a gravity p ro f i l e  

ac ros s  t h e  junction of t h e  Mexia and T a l c o  Fau l t  Zones. H e  e s t i m a t e d  minimum s t r a t a l  

ex tens ion  of 0.5 km on t h e  basis of summat ion  of f a u l t  h e a v e s  and ca l cu la t ed  e l a s t i c  

expansion just be fo re  faul t ing.  Bishop (1973) in fe r r ed  a s imi lar  p rocess  of s t r a t a l  

ex tens ion  over a s a l t  decol lement  in Louisiana and  Arkansas. Updip of t h e  Louann S a l t  

subcrop in Eas t  Texas  no such  lubr ica t ing  layer  ex is t s ,  and movemen t  of t h e  overburden 

was res t r ic ted ;  as a resul t  of this  d i f fe rent ia l  movemen t  of t h e  post-Louann sec t ion ,  

rup tu re  and  col lapse  occurred  at t h e  e d g e  of t h e  s a l t  basin. 

T h e  high mobility of t h e  Louann Sal t ,  even  where  re la t ive ly  thin a n d  at sha l low 

depths,  is indica ted  by t h e  g rowth  of s a l t  pillows dur ing  t h e  L a t e  Jurass ic  (fig. 10, s e i s m i c  

unit  M3). The  anomalously th in  basal  in terva l  within t h e  g raben  m a y  have  f o r m e r l y  

conta ined  post-Louann evapor i t e s  t h a t  w e r e  squeezed  basinward because  of t h e  e x t r a  



Updip l imit Marker horizon 
of Louann Salt 

Displacement vector 

Figure 13. Conceptual diagram of a sjnimetric graben formed bj asjmmetric extension toward right due t o  gra\itational 
sliding of displaced block over a ddcollement zone of weak Louann Salt. Graben structure and displacement vectors based on  
experimental model b j  Cloos (1968). 

loading beneath t h e  thick graben fill. The  geometry of t h e  Mexia-Talco Fault Zone 

suggests t h a t  the  graben formed as a pull-apart s t ruc tu re  between autochthonous sa l t - f ree  

s t r a t a  and para-allochthonous s t r a t a  underlain by mobile salt.  Rela t ive  ducti l i ty and low 

shear strength of t h e  salt  allowed d6collement and basinward creep of t h e  overlying 

s t ra ta ;  t h e  amount of sa l t  c reep  is difficult t o  es t imate ,  and i t  is possible t h a t  t h e  Louann 

Salt  originally extended fa r the r  updip than i t s  present limits. 

FAULTS IN THE CENTRAL BASIN 

Parallel  normal faults  in t h e  deep  subsurface a r e  abundant in t h e  salt-pillow 

province and t h e  salt-diapir province of t h e  East  Texas Basin. These fau l t s  closely 

correspond spatially t o  t h e  salt-related structures.  In t h e  deep Jurassic intervals (fig. 8) 

these faul ts  form grabens more  than 100 km long, parallel t o  t h e  Mexia-Talco Fault Zone 

and t o  t h e  trend of t h e  peripheral sa l t  pillows and re la ted tur t le  s t ructures  t h a t  the fau l t s  

overlie. A t  the  Cretaceous horizons (figs. 6 and 7) these  faul ts  a r e  concentrated over  

larger salt-related anticlines in t h e  c e n t e r  of t h e  basin t h a t  have a f f e c t e d  higher 

strat igraphic levels because of thei r  g rea te r  size. T h e  faul ts  a r e  particularly abundant in  

t h e  rim anticline surrounding t h e  Hainesville rim syncline (Wood County, figs. 6 and 7). 

Few major subsurface faults  occur above t h e  s a l t  diapirs because t h e  diapirs a r e  relatively 

small  and a r e  located in regional synclines. 



T h e  loca l iza t ion  of t h e  central-basin f au l t s  on  t h e  c r e s t s  of an t ic l ina l  s t r u c t u r e s  

such  as salt pillows and t u r t l e  s t r u c t u r e s  a n d  t h e  or ien ta t ion  of t h e s e  f a u l t s  paral lel  t o  t h e  

hinge l ines  of t h e  ant ic l ines  indica te  t h a t  t h e  c r e s t s  of t hese  s t r u c t u r e s  sp l i t  by folding- 

r e l a t ed  extension. All t h e s e  normal f a u l t s  a r e  a n t i t h e t i c  (Dennis  and Kelley, 1980), in  

t h a t  t hey  r educe  s t ruc tu ra l  relief (fig. 14). This  an t i thes is  indica tes  t h a t  t h e  f a u l t s  

fo rmed  by c r e s t a l  s t r e t ch ing  and  col lapse  r a the r  t h a n  by t h e  upward f o r c e  of mobile c o r e  

ma te r i a l  such as salt or shale. Folding the re fo re  took place predominant ly  by s t r e t c h i n g  

of t h e  ou te r  fold a r c s  ( tangent ia l  longitudinal s t r a i n  [ R a m s a y ,  19671) r a t h e r  t h a n  by  

f lexura l  slip or  shea r  folding. T h e  central-basin f a u l t s  a r e  s c a r c e  at t h e  su r f ace  (fig. 5), 

where  folding i s  minimal (fig. 3). 

In t h e  deep  Ju ras s i c  horizons (fig. 8), central-basin f au l t s  have  also fo rmed  ove r  t h e  

c r e s t s  of ant icl inal  s t r u c t u r e s  such as salt pillows and  t u r t l e  s t r u c t u r e s  in Wood, Ra ins ,  

and Van Zandt  Count ies  on t h e  nor thwest  f lank of t h e  basin. T h e s e  f au l t s  a r c  southward ,  

maintaining paral lel ism wi th  t h e  regional  s t r i ke  and  t h e  Mexia-Talco F a u l t  Zone. S e i s m i c  

r e f l ec t ion  profi les  indica te  t h a t  t h i s  discontinuous zone of deeply bur ied ,  low-relief 

grabens  follows t h e  approx ima te  subsurface  boundary be tween  undeformed s a l t  and low- 

ampl i tude  sa l t  pillows (Jackson and Harr i s ,  1981; J ackson  and o thers ,  1982). The p a u c i t y  

of f a u l t s  on t h e  m a p  of t h e  d e e p  J u r a s s i c  horizons in  t h e  c e n t e r  of t h e  basin (fig. 8 )  

la rge ly  resul t s  f r o m  t h e  absence  of suf f ic ien t ly  d e e p  holes. B u t  this s c a r c i t y  m a y  a l s o  

r e f l e c t  t h e  basinward migra t ion  of t e c t o n i c  ac t iv i ty  during t h e  L a t e  Ju ra s s i c ,  which h a s  

been  infer red  f r o m  t h e  s t r a t ig raph ic  re la t ions  of s a l t  s t r u c t u r e s  in s e i s m i c  r e f l ec t ion  

profi les  (Jackson and o thers ,  1982). 

ELKHART GRABEN 

T h e  Elkhar t  Graben cons t i t u t e s  t h e  wes tern  end  of t h e  Elkhart-Mount E n t e r p r i s e  

F a u l t  Zone  (fig. 15, southern  end of t r a v e r s e  l ines 1-4). I t  cons is t s  of paral lel ,  n o r m a l  

f au l t s  wi th  mul t ip le  o f f se t s  defining a graben approximate ly  40 km long. The g r a b e n  

resembles  t h e  central-basin f a u l t s  m o r e  than  i t  resembles  t h e  Mount En te rp r i se  F a u l t  

Zone. T h e  graben f o r m s  t h e  southern  componen t  of a f a n  of central-basin f a u l t s  t r end ing  

toward  Oakwood Dome  on t h e  southwest  margin of t h e  basin (fig. 15). L i k e  these f a u l t s  

t h e  Elkhar t  Graben  overl ies  broad ant ic l ina l  s t ruc tu re s ,  in t h i s  case s a l t  pillows, a n d  is 

paral lel  to t h e  t r e n d  of t hese  s t ruc tures .  

Throws a long t r ave r se  l ines  1 through 4 (fig. 15) ac ros s  t h e  E l k h a r t  Graben a n d  

spa t ia l ly  r e l a t ed  to central-basin f a u l t s  a r e  summar ized  in f igures  16  a n d  17 fo r  t h e  

Austin Chalk  and Glen  Rose  horizons, respect ively.  Compar ison  of t h e  graphs  of t o t a l  
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Figure 14. Time-to-depth converted seismic section across the junction of Van and Ash Salt Pillows showing symmetric buried 
graben over the crest of the pillow. Successively younger faults form progressively farther within the graben over the zone of 
maximum tension. All the faults are antithetic, indicating an origin by extension and collapse of strata. 
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Figure 15. M a p  of fault traces of Elkhart-Mount Enterprise Fault Zone o n  horizon 2 showing relation t o  salt pillows, turtle 
structures, regional dip, and adjacent faults. Apart from the Mount Enterprise Fault Zone, the faults tend t o  be  located over salt- 
related anticlines. Fault traces from G E O M A P  Company (1980); distribution of salt structures adapted from Wood (1981). 
E-Elkhart; J=Jackson\ille; ME=Mount  Enterprise; P-Palestine. 

downthrows shows t h a t  mos t  of t h e  d isp lacement  took p l ace  i n  t h e  E a r l y  Cre t aceous .  

Direc t ions  of n e t  downthrows va ry  in bo th  s p a c e  and time: t r a v e r s e  lines 1 a n d  2 i n d i c a t e  

n e t  downthrow t o  t h e  south a f f ec t ing  horizon 2 (Glen  Rose), whereas  t r a v e r s e  lines 3 a n d  

4 show n e t  downthrow t o  t h e  no r th  (fig. 16); fu r the rmore ,  f au l t s  along t r a v e r s e  line 3 s h o w  

n e t  downthrow t o  t h e  south on  horizon 1 and  t o  t h e  nor th  on horizon 2 ( compare  figs. 16 

and 17). However ,  because  t h e s e  t r a v e r s e  l ines inc lude  informat ion  from t h e  cen t r a l  bas in  

as well as t h e  E lkha r t  Graben i t se l f ,  t h e s e  var ia t ions  apply to a n  a r r ay  of fau l t s  r a t h e r  

t han  t o  a n  individual faul t .  

T h e  origin deduced f o r  t h e  central-basin f a u l t s  on t h e  basis  of f a u l t  geomet ry  a l s o  

applies  t o  t h e  E lkha r t  Graben. Addit ional  s t r a t a l  ex tens ion  could  have  been  caused  by t h e  

Angelina Flexure ,  a f ew ki lometers  sou th  of t h e  graben. T h e  age  of t h e  younges t  

fo rma t ion  a f f e c t e d  by  faul t ing  within t h e  Elkhar t  Graben,  t h e  Eocene  C o o k  Mounta in  
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Figure 16. Bar graphs of throws of the Elkhart-Mount Enterprise Fault Zone inferred from structure contour mapson horizon 
1. Traverse lines (see fig. 7 or 14 for location) are oriented parallel to dip slip and are roughly equally spaced. Total downthrow 
refers to sum of absolute throws recorded along each traverse line. North and south downthrows refer to sum of downthrows 
toward East Texas Basin and Gulf, respectively, along each traverse line. See text for mathematical definitions. Data from 
GEOMAP Company (1980). 



HORIZON 2(107/117 Ma) 
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Figure 17. Bar graphs of throws of the Elkhart-Mount Enterprise Fault Zone inferred fromstructure-contour maps on horizon 
2. Refer to  figure 15 for explanation of terms and data source. 
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Figure 18. Time-to-depth converted seismic section across the central part of the Mount Enterprise Fault Zone. Alarge growth 
fault downthrown to the north and based in Louann Salt shows listric-normal geometry, decreasing cumulative displacement 
with time, and a rollover anticline on the northern hanging wall. 



30' at depth ,  a t  which point i t  soles  o u t  i n t o  t h e  Louann Salt .  A rollover ant icl ine a n d  

smal l  a n t i t h e t i c  f a u l t  have  fo rmed  in t h e  hanging wal l  block. Displacement  i nc reases  

f rom approximate ly  220 m on t h e  top  of t h e  Naca toch  Forma t ion  nea r  s u r f a c e  t o  1,600 m 

on t h e  t o p  of t h e  d e e p  Gi lmer  Format ion .  Cons iderable  th ickening  on t h e  downthrown 

s ide  i s  present  throughout  t h e  Lower  C r e t a c e o u s  interval .  F a r t h e r  west ,  t h e  near -sur face  

g e o m e t r y  i s  s imilar  al though t h e  d e e p  s t r u c t u r e  is not  c l e a r l y  defined by se i smic  

ref lec t ion  (fig. 19). 

Despi te  i t s  many g e o m e t r i c  s imi lar i t ies  t o  t h e  Gulf Coas t  growth  f au l t s ,  t h e  Mount 

Enterpr i se  growth  f a u l t  d i f fe rs  in one  i m p o r t a n t  respec t :  i t  i s  downthrown to the  nor th ,  

fac ing  t h e  d i rec t ion  of te r r igenous  sed imen t  supply. L i t t l e  i s  known of t h e  paleomorphol- 

ogy of t h e  southern  p a r t  of t h e  Eas t  T e x a s  Basin during C o t t o n  Valley-Hosston t imes.  

Never the less ,  sand-distribution maps  ind ica t e  t h a t  t h i s  in terva l  accumula t ed  by means of 

r ivers  flowing southeas tward  ac ros s  t h e  wes t e rn  f lank  of t h e  basin. The  f a u l t  zone a r e a  

corresponded t o  t h e  distal  p a r t  of  this  al luvial  plain, evolving i n t o  a del ta  plain toward t h e  

end  of Hosston t i m e  (Bushaw, 1968). An open s e a  l ay  t o  t h e  sou th  of t h e  f au l t  zone ,  

indicat ing t h a t  t h e  paleoslope w a s  southward  a t  th is  s tage .  A t  t h e  s t a r t  of Glen R o s e  

t i m e  th i s  paleoslope was  mainta ined ,  b u t  t ransgress ion  c r e a t e d  shal low-marine environ- 

men t s  over  t h e  f a u l t  zone  and a beach z o n e  t o  t h e  nor thwest  (Bushaw, 1968). In J a m e s  

t i m e  (ear ly  Glen Rose)  t h e  paleoslope had  reversed  s o  t h a t  d e e p  open-shelf condit ions 

prevai led near  t h e  f a u l t  zone,  a n d  shal low open-shelf condit ions to the  n o r t h  and south ;  

e leva t ion  of t h e  sou the rn  a r e a  could have  been  tec tonica l ly  induced ( la te r  mani fes ted  as 

t h e  Angelina Flexure)  o r  could have  been caused  by t h e  continued growth of r e e f s  south of 

t h e  f a u l t  zone. By middle Glen  Rose  t i m e ,  t h e  f a u l t  zone w a s  once  aga in  a shallow- 

mar ine  envi ronment  of deposition (Bushaw, 1968). 

On t h e  basis of t hese  infer red  sed imen ta ry  envi ronments ,  w e  d e d u c e  tha t  t h e  

provenance  lay no r th  of t h e  Mount En te rp r i se  F a u l t  Zone throughout  t h e  period of 

maximum disp lacement ,  a s  was  t h e  case  f o r  subsequent  sedimenta t ion;  this  deduct ion  a l s o  

applies  t o  t h e  l a t e r  geologic history. T h e  regional paleoslope w a s  genera l ly  southward  

excep t  during a compara t ive ly  sho r t  period in  ea r ly  Glen  Rose  t ime .  Had sed imen ta ry  

loading been  t h e  c a u s e  of g rowth  faul t ing,  t hese  f a u l t s  would h a v e  faced  southward a n d  

been  downthrown in t h e  s a m e  direct ion;  loading is t h e r e f o r e  unlikely t o  h a v e  in i t i a t ed  

faul t ing.  Because  t h e r e  is no evidence  of regional f l exu re  at th is  locat ion,  f l exu re  is a l s o  

untenable  as a means  of in i t ia t ing  faul t ing.  The  g rowth  f au l t  f l a t t e n s  i n t o  t h e  Louann 

Sal t ,  indicat ing t h a t  extension resul ted f r o m  re la t ive  northward movement  of  the  post- 

Louann s t r a t a  over  a d6col lement  zone  of duct i le  sa l t .  Nor thward  thickening of Louann 

Sa l t  combined wi th  nor thward  s lope  of t h e  Ju ra s s i c  basin margin  may  have  caused  t h e  
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Figure 19. Time-to-depth converted seismic section across the western part of the Mount Enterprise Fault Zone. Multiple 
offsets show downthrow to the north. Weak reflectors at depth obscure the deep geometry of the fault zone, but the shallow parts 
are similar to those of figure 18. 



th icker  s a l t  t o  f low f a s t e r  t h a n  t h e  th inner  salt updip (compare  Kehle,  1970). The  z o n e  o f  

ab rup t  salt th ickening  would h a v e  been  under tens ion  b e c a u s e  of t h e s e  d i f f e ren t i a l  

velocities. S t r a t a  above  th i s  zone  would have  undergone no rma l  fau l t ing  as a resul t ,  

t he reby  ini t iat ing subsidence and growth  faulting. A submar ine  sca rp  w a s  continuously 

smothered ,  and t h e  downdropping proximal s ide  a c t e d  as a subsiding t r a p  f o r  southward  

prograding te r r igenous  c l a s t i c  mater ia l ,  even  when t h e  s lope of t h e  basin margin h a d  

reversed  southward by Smackover  t ime.  Thicker  depos i t s  of c a r b o n a t e s  would also h a v e  

accumula t ed  on t h e  downthrown side because  of i t s  f a s t e r  subsidence. Whatever  t h e  

original t r iggering mechanism, th i s  e x t r a  loading by t h e  overburden--aided by a t ens i l e  

s t r e s s  reg ime nea r  t h e  basin margin--would have t e n d e d  t o  p e r p e t u a t e  subs idence  in t h e  

manner  of a l l  g rowth  faul ts .  

Because t h e  original c a u s e  of t h e  Mount En te rp r i se  F a u l t  Zone i s  uncertain,  t h e  

possibility of basemen t  cont ro l  has  not  been  disproven. Never the less  ava i l ab le  e v i d e n c e  

ind ica t e s  t h a t  t h e s e  f au l t s  r e su l t  f rom long-continued extens ion  and d i f f e ren t i a l  subsi- 

dence  in t h e  Louann and post-Louann s t r a t a .  

SEISMIC POTENTIAL OF EAST TEXAS FAULTS 

E a s t  Texas  f a u l t s  sha re  numerous indica tors  of low se i smic  risk. N o r m a l  displace-  

m e n t s  ensure  t h a t  s t r e s ses  a r e  neut ra l ized  by tens i le  f r a c t u r e  at low s t r e s ses  because  t h e  

tens i le  s t r eng th  of ma te r i a l s  is general ly much lower  than  t h e i r  compress ive  s t rength .  

Fu r the rmore ,  a lmos t  a l l  t hese  f au l t s  a r e  r e l a t e d  t o  s low gravi ta t ional  c r e e p  of s a l t  and its 

sed imen ta ry  overburden r a t h e r  t h a n  t o  movemen t  of l i thospheric  plates .  Moreover,  f u t u r e  

movemen t  on t h e  Mexia-Talco Fau l t  Z o n e  i s  e x t r e m e l y  unlikely because  undeformed 

P le i s tocene  t e r r a c e s  c ross  t h e m  (Turk, Keh le  and Associates ,  1978). Similarly, only a f e w  

central-basin f a u l t s  ex tend upward t o  t h e  Lower T e r t i a r y  s t r a t ig raph ic  un i t s  exposed at 

t h e  sur face .  

T h e  Mount Enterpr i se  F a u l t  Zone i s  t h e  leas t  understood z o n e  in  Eas t  T e x a s  b e c a u s e  

of poor subsurface  information.  A t  l e a s t  o n e  se i smic  profile indica tes  t h a t  it, like t h e  

Mexia-Talco F a u l t  Zone, is based  in t h e  Louann Sa l t ,  which suggests  t h a t  t he  Mount  

En te rp r i se  Fau l t  Zone  i s  a l so  r e l a t ed  t o  salt c reep ,  indicat ing a low s e i s m i c  potential .  

Nevertheless ,  a compell ing reason for  de t a i l ed  s tudy of t h e  Mount En te rp r i se  Faul t  Z o n e  

is t h e  prevalence  of microseismic t r e m o r s  in this  a r e a ,  a n o t a b l e  e x a m p l e  being t h e  

Jacksonvil le  ea r thquake  of November  6 ,  1981, which had  a Rich te r  intensi ty of 3.5 t o  4.0. 

Microseismic a c t i v i t y  in  t h e  E a s t  Texas  Basin is c u r r e n t l y  being moni tored  (Pennington 

and o thers ,  1981). 



CONCLUSIONS 

T h e  Mexia-Talco F a u l t  Zone f o r m e d  a s  a pull-apart s t r u c t u r e  be tween  au toch -  

thonous sa l t - f ree  s t r a t a  and  para-allochthonous s t r a t a  underlain by mobi le  s a l t  t h a t  

al lowed overburden c r e e p  in to  t h e  Eas t  T e x a s  Basin. 

T h e  Elkhar t  Graben and t h e  central-basin f a u l t s  fo rmed  by c r e s t a l  s t r e t ch ing  and  

collapse of sa l t - re la ted  ant ic l ines  such as salt pillows and t u r t l e  s t ruc tu re s .  

A t  l ea s t  o n e  wes tern  f a u l t  in t h e  Mount En te rp r i se  Fau l t  Z o n e  i s  a long-active l i s t r i c  

normal  growth  f au l t ,  downthrown t o  t h e  no r th  and based in t h e  Louann Salt .  Its origin is 

obscure.  Once  in i t ia ted ,  i t s  growth would have been  pe rpe tua t ed  by loading induced by  

sed imen t s  t r apped  on t h e  downthrown s i d e  and by t h e  tensi le  s t r e s s  r eg ime  nea r  t h e  bas in  

margins. 

All t h e  f a u l t s  s tudied (1) a r e  normal,  (2) moved s teadi ly  during t h e  Mesozoic a n d  

Ear ly  Te r t i a ry ,  and  (3) appea r  t o  be r e l a t e d  t o  s a l t  mobilization. Faul t ing  ceased  b e f o r e  

t h e  Qua te rna ry  e x c e p t  for  a wes tward  extension of t h e  nor th  f l ank  of t h e  Elkhart  G r a b e n  

and sma l l  fau l t s  sou th  of t h e  Mount En te rp r i se  Fau l t  Zone. 

No  geologic ev idence  indica tes  t h a t  any  of t h e s e  f au l t s  poses a s e i smic  t h r e a t  t o  a 

hypothe t ica l  nuclear-waste repository. In t h e  case of t h e  Mount  En te rp r i se  Fault  Zone ,  

however,  ava i lab le  meager  informat ion  suggests  t h a t  th is  s t r u c t u r e  is suf f ic ien t ly  unusual  

t o  war ran t  d i r ec t  s tudy  of i t s  cu r r en t  a c t i v i t y  by microseismic monitoring. 
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