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IDENTIFICATION O F  SURFACE FAULTS BY HORIZONTAL 

RESISTIVITY PROFILES, TEXAS COASTAL ZONE 

by Cha r l e s  W. Kre i t l e r  and  Dawn G. McKalips 

INTRODUCTION 

The  land s u r f a c e  in t h e  Texas  C o a s t a l  Zone is i n t e r l aced  with a c t i v e  and 

poten t ia l ly  a c t i v e  su r f ace  fau l t s .  They a r e  subt le  f e a t u r e s  which  a r e  d i f f icu l t  t o  

ident i fy  unt i l  t hey  h a v e  caused  damage  t o  m a n m a d e  s t ruc tu re s .  To d a t e  (1978), 

s ign i f icant  damage  has  resul ted.  Faul t s  i n t e r c e p t  2 a i rpo r t s ,  i n t e r s t a t e  highways a t  11 

d i f f e r e n t  loca t ions ,  and  ' l road  t r acks  at 2 8  locat ions.  Faul t s  a l so  pass through 11 

res ident ia l  communi t ies .  More t h a n  200 houses in t h e s e  communi t i e s  in Har r i s  and 

Galves ton  Count ies  show s t r u c t u r a l  d a m a g e  because  of f au l t i ng  (fig. 1). Faul t  

movemen t s  of only a f e w  inches  per  decade  c a n  c a u s e  s igni f icant  s t r u c t u r a l  damage ,  

and no a r c h i t e c t u r a l  s t y l e  or s t r u c t u r a l  design is immune.  Foundations b reak ,  and 

c r acks  ex t end  up t h e  ex t e r io r  and  in te r ior  walls of t h e  s t ruc tu re .  Although breaks  in 

buildings and  highways a r e  one  of t h e  best  c r i t e r i a  f o r  ident ifying su r f ace  f au l t s ,  t h e  

damage  has  a l ready  occurred .  

Kre i t l e r  (1976) has  l is ted four  c r i t e r i a  t h a t  c a n  b e  used t o  ident i fy  t h e  presence  

of a s u r f a c e  f au l t  b e f o r e  a s t r u c t u r e  is  built .  They a r e  recognit ion of (1) topographic 

scarps ;  (2) shallow subsurface  fau l t s ,  using e l ec t r i ca l  logs  or o t h e r  geophysical  da t a  

and subsequently ex t r apo la t i ng  t h e  f au l t  t o  land su r f ace ;  (3) shal low subsurface  faul ts ,  

by cor ing  or  t renching;  and (4) t h e  s u r f a c e  t r a c e  of l ineat ions observed o n  a fau l t  

(lineation), using black-and-white, color ,  and  co lor - inf ra red  ae r i a l  photographs or  o ther  

r e m o t e  sensing techniques.  This paper p re sen t s  and eva lua t e s  a n o t h e r  t echn ique  for 

t h e  de t ec t ion  of s u r f a c e  faul ts-- the use of hor izonta l  e l ec t r i ca l  resis t ivi ty profiling. 

In t h e  Texas  Coas t a l  Zone, s imilar  sur f ic ia l  geology commonly  occu r s  on  both 

s ides of a fau l t .  Fu r the rmore ,  shallow subsurface  f a u l t  d i sp lacements  a r e  v e r y  small 

(less t h a n  10 f ee t ) .  It  was  an t i c ipa t ed  t h a t  t h e  smal l  subsu r f ace  f a u l t  d i sp lacements  

might  c r e a t e  s l ight  l i thologic or hydrologic var ia t ions  on  e i t h e r  s ide  of t h e  faul t .  

Variations i n  e l e c t r i c a l  p rope r t i e s  caused by l i thologic or hydrologic d i f fe rences ,  a s  

well a s  f a u l t  gouge, should be  m a r k e d  by anomalous resis t ivi ty profiles.  Consequently,  

res i s t iv i ty  profi les  might  provide ano the r  me thod  for  pred ic t ing  and  mapping fau l t s .  
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Like o ther  techniques  for  f a u l t  identif icat ion,  resis t ivi ty profiling a lone  cannot  

confirm t h e  presence  o r  absence  of a s u r f a c e  faul t .  When used in conjunction with 

o the r  techniques,  however,  a resis t ivi ty profi le  serves  as addit ional  ev idence  t o  verify 

t h e  presence  or absence  of t hese  cost ly na tu ra l  hazards.  

RESISTIVITY PROFILING 

Ear th  resis t ivi ty is a measu remen t  of t h e  apparen.t resis t ivi ty of geologic 

mater ia l s .  Resist ivi ty (p) is a cons t an t  of proport ional i ty t h a t  r e l a t e s  e l ec t r i ca l  

res i s tance  (R) t o  t h e  length (L) and cross-sect ional  a r e a  (A) of t h e  conducting 

mater ia l :  

According t o  Ohm's law, res i s tance  is given by 

where AU is t h e  potent ia l  d i f f e rence  across  t h e  res i s tance ,  and I is t h e  e lec t r ica l  

cu r r en t  through t h e  resis tance.  

By combining equat ions  (1) and (2), 

In resistivity measu remen t s ,  an  e l ec t r i ca l  field is genera ted  be tween t w o  current  

e lec t rodes .  The vol tage  drop or potent ia l  ( A U )  is measured  be tween  t w o  addit ional  
A .  e lec t rodes  (fig. 2). The  f rac t ion  In equat ion  (3) is t e r m e d  t h e  geometric factor. In 

t h e  Wenner a r r ay ,  t h e  e l ec t rode  a r r ay  used f o r  this s tudy ,  four e l ec t rodes  a r e  equally 
A 

spaced ,  t h e  d is tance  be tween e l ec t rodes  be ing  a. In t h i s  a r r ay ,  2 7l a is  equiva lent  t o  - L' 
The resis t ivi ty equat ion  for  t h e  Wenner a r r a y  then  r eads  
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Figure 2. Elec t r ica l  c u r r e n t  and potent ia l  f ie ld  gene ra t ed  be tween e l ec t rodes  C1 and 
CL. Potent ia l  f ield measured  be tween  P I  and P2. Elec t rodes  in Wenner configurat ion.  
Modified f rom Van Nostrand and Cook (1966, p. 31). 

If resis t ivi ty measu remen t s  a r e  made  ac ros s  an inf in i te  volume of homogeneous 

and isotropic ma te r i a l s ,  t h e  computed  p is a t r u e  resis t ivi ty value. Most geologic  

mater ia l s ,  however,  a r e  anisotropic and  heterogeneous.  Computed  p fo r  he terogeneous  

ma te r i a l  is an  approximation and i s  o f t en  r e f e r r e d  t o  a s  appa ren t  resis t ivi ty.  In t h i s  

s tudy the  t e r m  resist ivi ty will be used in t h e  con tex t  of apparent  r a the r  t han  t r u e  

resis t ivi ty.  

Res is t iv i ty  values range  f r o m  less t h a n  3 ohm-meters  for  c lays  and sands 

sa tu ra t ed  wi th  sal ine w a t e r  t o  s eve ra l  thousand ohm-meters  for  dry basa l t s  or s a n d  and 

gravel  (Zohdy and o the r s ,  1974). Apparent  resis t ivi ty f o r  P le is tocene  and R e c e n t  

sediments  of t h e  Texas Coas ta l  Zone ranges f rom 3 ohm-meters  t o  40 ohm-mete r s  

(based on t h e  resul t s  of th is  study). 

The  dep th  of penet ra t ion  of t h e  e l e c t r i c a l  cu r r en t  i s  approximate ly  equal t o  t h e  

a s p a c i ~ l g  (Zohdy and o thers ,  1974). An a r r a y  with an  a spacing of 25 f e e t  wil l  be 

measuring t h e  ave raged  resis t ivi ty of t h e  subjacent  geologic ma te r i a l  t o  a depth  of 25 

f e e t .  Res is t iv i ty  measu remen t s  wi th  a n  a spac ing  of 100 f e e t  will  be  de termining  

ave rage  resis t ivi t ies  for  subsurface  ma te r i a l s  t o  a depth of 100 f e e t .  

Res is t iv i ty  measu remen t s  a long a t r a v e r s e  wi th  a cons t an t  a spac ing  a r e  r e f e r r e d  

t o  as resist ivi ty profiling and measu re  l a t e r a l  variat ions of e a r t h  resis t ivi ty.  Resis-  



t iv i ty  measu remen t s  conducted  using a n  increasing a spac ing  a r e  known a s  resistivity 

soundings and  measu re  var ia t ions  in resis t ivi ty wi th  depth .  Fo r  a more  thorough 

discussion of t h e  t heo ry  of resis t ivi ty measu remen t s ,  r e f e r  t o  Zohdy and o t h e r s  (1974) 

and Van Nostrand and Cook (1966). 

RESISTIVITY PROFILING ACROSS SURFACE FAULTS 

As ea r ly  a s  1934 Hubber t  (1934) and Hubber t  and  Weller (1934) used sur face  

resis t ivi ty measu remen t s  t o  ident i fy  f au l t s  in  Illinois. Since t h e n  t h e  t echn ique  has 

developed into a t oo l  of ten  used for f a u l t  ident i f ica t ion  (Van Nostrand and  Cook, 

19661, Two types  of profiles h a v e  been recognized where  measu remen t s  h a v e  been 

m a d e  across  f au l t s .  F i r s t ,  f a u l t s  s epa ra t ing  d i f f e r en t  l i thologies  exhibi t  resis t ivi ty 

profiles c h a r a c t e r i z e d  by a rapid change  at t h e  f au l t  (fig. 3). Tagg  (1930), assuming 

Wenner conf igura t ion ,  ca l cu l a t ed  theo re t i ca l  resis t ivi ty profi les  ac ros s  a v e r t i c a l  fau l t  

s epa ra t i ng  d i f f e r en t  l i thologies  (fig. 3). With increased  d i f f e r ences  in resis t ivi ty (k) 

across  a f au l t ,  t h e  resis t ivi ty profi le  s t eepens  at t h e  faul t .  R o t h e  and R o t h e  (1952) 

compu ted  a theo re t i ca l  resis t ivi ty profile ac ros s  a known fau l t  a n d  then  measu red  t h e  

appa ren t  res i s t iv i t ies  across  i t  and  observed  a posi t ive co r r e l a t i on  (fig. 4). Second, 

f au l t s  wi th  gouge m a t e r i a l  in t h e  f a u l t  zone ,  b u t  with s imi la r  l i thologies  on e i t h e r  side 

of t h e  f au l t ,  exhibi t  resis t ivi ty profiles wi th  marked  peaks  or t roughs  a t  rhe  f a u l t  and 

similar  resis t ivi ty va lues  on e i t h e r  s ide  (fig. 5). Res is t iv i ty  profi les  across f a u l t s  t h a t  

d ip  s t eep ly  through geologic uni t s  exhibi t ing homogeneous  res i s t iv i ty  values on  e i ther  

s ide a r e  analogous t o  resis t ivi ty profiles t h a t  cross  ve r t i ca l ,  pe r f ec t ly  conduct ing  (or 

insulating) planes. A profi le  ac ros s  a pe r f ec t ly  insulat ing plane (fig. 5) displays a W- 

shaped cu rve  with a high resis t ivi ty value at t h e  plane (Van Nost rand  and Cook,  1966). 

Johnson (1934) found t h a t  wi th  a n  increased  a spac i r~g ,  t h e  W-shaped profi le  f l a t t ens  

(fig. 6). Res is t iv i ty  profiles ac ros s  a pe r f ec t ly  conduct ing  plane produce  a s imi la r  W-  
Pa shaped profi le ,  bu t  t h e  res i s t iv i ty  r a t i o  - does  not  e x c e e d  1.0 (fig. 5). Prof i les  across 
P 

perfec t ly  conduct ing  o r  insulat ing planes a r e  analogous t o  resis t ivi ty profi les  across 

nar row dikes or b recc i a t ed  zones. 
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Figure 4. Comparison of observed and theore t ica l  horizontal resistivity profiles 
across a vert ical  f au l t  with Wenner configuration ( f rom Rothe a n d  Rothe, 1952). 
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Figure  5. Theore t ica l  horizontal  resis t ivi ty profi les  a c r o s s  pe r f ec t ly  conduct ing  and 
insulat ing p lane ,  Wenner conf igura t ion .  Adopted  f rom Van Nostrand and  Cook (1966). 
Measured a p p a r e n t  res i s t iv i ty  is  p ; p' is  t h e o r e t i c a l  resis t ivi ty value. a 
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Figure  6. Resul t s  of model  s tudy  of horizontal  resis t ivi ty profi les  a c r o s s  a 
ve r t i ca l  insulat ing s h e e t  by increas ing  a spacing.  Modified f r o m  Johnson (1934). 
Copyr ight  by Amer i can  Ins t i tu te  of Mining Engineers. 



RESISTIVITY PROFILING ACROSS SURFACE FAULTS 

AND LINEATIONS IN THE GREATER HOUSTON AREA 

Sur face  F a u l t s  

Hor izonta l  res i s t iv i ty  across 10  f au l t s  and  2 l inea t ions  in t h e  T e x a s  Coas t a l  Zone 

was measu red  using a Wenner configurat ion.  Measu remen t s  were  m a d e  in t h e  s u m m e r  

of 1976 and winter  of 1977 using a t ruck-mounted  res i s t iv i ty  m e t e r  provided by  t h e  

Texas  Water  Development  Board. D a t a  f r o m  1976 and 1977 a r e  considered re l iab le  

because  input  c u r r e n t  w a s  kept  cons t an t ,  and a l l  readings were  rep l ica ted .  

Res is t iv i ty  profi les  displaying signif icant  resis t ivi ty anomalies  w e r e  r eco rded  a t  

t h e  Baytown f a u l t ,  Hi tchcock  f au l t ,  Long Poin t  fau l t ,  Library f a u l t  at Ellington Air 

F o r c e  Base, Clinton f a u l t ,  and Iowa Colony f a u l t  (fig. 7, locat ions 1-6, respect ively) .  

The  res i s t iv i ty  profi le  across  t h e  Eureka Heights  f au l t  (fig. 7, l oca t ion  7) showed no 

signif icant  anomaly .  Res is t iv i ty  profiles ac ros s  aer ia l  photographic  l ineat ions w e r e  

modera te ly  successful  i n  de l inea t ing  t h e  f e a t u r e  in t h e  f ield.  

Two types  of resis t ivi ty profi les  across f a u l t s  have  been  recognized:  (1) prof i les  

exhibi t ing differen-i res i s t iv i t ies  on e i t h e r  s ide  of t h e  f a u l t ,  and (2) prof i les  exhib i t ing  a 

resis t ivi ty i nc rease  a t  t h e  f au l t  bu t  with s imi la r  resis t ivi ty values on  e i t he r  s ide.  The  

Baytown f au l t ,  Hi tchcock  fau l t ,  and  Long Poin t  f au l t  a r e  c h a r a c t e r i z e d  by t h e  f i r s t  

t y p e  of profile.  Fau l t s  c h a r a c t e r i z e d  by t h e  second t y p e  of profi le  a r e  t h e  Library  

f a u l t  (Ellington Air F o r c e  Base), t h e  Clinton f au l t ,  t h e  Iowa Colony f a u l t ,  and Barbers  

Hill l ineation. 

Type  1 Fau l t s  

The f i r s t  t ype  of resis t ivi ty profile,  c h a r a c t e r i z e d  by m a t e r i a l s  of d i f f e r e n t  

resis t ivi t ies ,  i s  shown by t h e  Baytown f au l t  (fig. 8). Resis t ivi ty va lues  ac ros s  t h e  

Baytown f a u l t  ( locat ion 1, fig. 7) double f r o m  t h e  downthrown t o  t h e  upthrown side. 

The  f au l t  is l oca t ed  a t  t h e  t o p  of a n  ab rup t  increase  in resis t ivi ty.  Profiles w i t h  a 

spacings of 25 f e e t  and  5 0  f e e t  bo th  show resis t ivi ty anomal ies .  Both profiles exh ib i t  a 

res i s t iv i ty  peak  where t h e  f au l t  s c a r p  bisects  t h e  P l P 2  l ine.  

A resis t ivi ty prof i le  (a = 25 f e e t )  across  t h e  Hi tchcock  f au l t  ( locat ion 2, f ig .  7 )  

displays a prof i le  (fig. 9) s imilar  t o  t h a t  of t h e  Baytown f au l t  (fig. 8). Res is t iv i ty  

va lues  a r e  approximate ly  tw ice  as g r e a t  on t h e  upthrown side a s  on t h e  downthrown 

side.  A resis t ivi ty peak occurs  whe re  t h e  fau!t s c a r p  i n t e r s e c t s  '1'2. - 
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Figure 7. Location map of horizontal resistivity surveys across active faults and aerial 
photographic lineations. 
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Baytown Fault,Shreck Rd., Harris Co. 
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Figure 8. Resistivity profiles across Baytown fault a t  a spacings of 25 and 50 feet. Location 1 
on figure 7. 



SOUTH Hitchcock Fault, Railroad R.O.W., Hitchcock, Galveston Co. 
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Figure 9. Resist ivi ty profi le  across Hitchcock fault .  Location 2 on f igure  7. 



A resist ivi ty profi le  ( a  = 25 f e e t )  (fig. 10) across  t h e  Long Point f a u l t  ( loca t ion  3, 

fig. 7)  is s imilar  t o  t h e  Baytown and Hitchcock profiles. Resist ivi ty values a r e  

approximate ly  30 pe rcen t  g rea t e r  on t h e  upthrown side. A resis t ivi ty peak o c c u r s  

where  t h e  f a u l t  s c a r p  in t e r sec t s  '1 '2. 
2 

The topographic e sca rpmen t s  along t h e  Baytown, Hitchcock,  and Long Poin t  

f au l t s  coincide approximate ly  with t h e  top of t h e  f i rs t  s ignif icant  sha rp  rise of va lues  

on resis t ivi ty profiles. With the  Wenner configurat ion,  t h e  fau l t s  a f f e c t  t h e  e l e c t r i c a l  

f ield in a much wider region. These profiles show t h e  e f f e c t  of t h e  f a u l t  before t h e  C I  

o r  C 2  e l ec t rodes  a re  across  t h e  fau l t .  This phenomenon should be  expected .  Based on 

f igure  3 ( f rom Tagg, 1930), t h e  profi le  on t h e  high-resistivity side of a f au l t  shows t h e  

e f f e c t  of t h e  f a u l t  at a d is tance  of 3 (with a n  a spac ing  equaling 2 5  f e e t ,  t h e  CI 
a 

e lec t rode  will b e  37.5 f e e t  f rom t h e  faul t ) .  On t h e  low-resistivity s ide  of t h e  f a u l t ,  

t h e  profi le  f i r s t  shows t h e  e f f e c t  of t h e  f au l t  at a d is tance  of 1.5 (wi th  an  a spac ing  

equaling 25 f e e t ,  t h e  C l  e l ec t rode  will be  12.5 f e e t  from t h e  faul t) .  

Lower resis t ivi ty measu remen t s  occur on t h e  downthrown s i d e  of t he  t h r e e  

faul t s ,  perhaps because t h e  wa te r  t ab l e  is closer  t o  land su r f ace  o r  because t h e  soil 

mois ture  c o n t e n t  is higher on t h e  downthrown side. Sag ponds a r e  common o n  t h e  

downthrown s ide  of many of t h e  a c t i v e  faul ts .  Land su r face  on t h e  downthrown s i d e  of 

t h e  Baytown f a u l t  is abou t  sea level ,  whereas  elevat ion of t h e  upthrown side is a b o u t  3 

t o  4 f e e t  above  sea  level.  The upthrown s ide  supports  a heal thy hardwood f o r e s t ,  

whereas  on t h e  downthrown side t h e  fores t  has  been  killed by  e i ther  brackish su r f ace -  

w a t e r  f looding f rom Galveston Bay or a near -sur face  w a t e r  table.  Lower res is t iv i ty  

values should b e  expec ted  on t h e  downthrown s ide  of t he  Baytown faul t .  No sag  ponds 

a r e  evident  a long t h e  Hitchcock and Long Point fau l t s ,  but  t h e  unsa tu ra t ed  zone o n  t h e  

downthrown s ide  may have  a higher mois ture  con ten t  and subsequently a l ower  

resistivity. 

Type  2 Faul t s  

The second type  of resis t ivi ty profile observed ac ros s  a g rowth  faul t  exhib i t s  

high resistivity values at t h e  f au l t  and lower resistivity values on e i t h e r  side. This 

t y p e  of profi le  is best cha rac t e r i zed  by hor izonta l  profi les  across  t h e  Library f a u l t  at 

Ellington Air F o r c e  Base (location 4, fig. 7). The  e sca rpmen t  of t h e  Library f a u l t  c a n  

b e  t r aced  for  approximate ly  2 km (Clanton  and Amsberry,  1976). 

Fisher and  o the r s  (1972) mapped a distr ibutary sand channel  through t h e  

Ellington a r e a ,  and t h e  su r f ace  and shallow-subsurface lithology is t h e  same  on both  
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Figure  10. Res is t iv i ty  prof i le  across Long Point f au l t .  Loca t ion  3 on f i g u r e  7. 



s ides  of t h e  Library f au l t .  A sand p i t  opera t ion  approximate ly  one-half mile n o r t h  of 

t h e  f au l t  in t h e  channel  complex exposed at l e a s t  50  f e e t  of sand. An 8-foot-deep 

s u r f a c e  t r e n c h  across  t h e  f a u l t  exposed a high sand  f a c i e s  (fig. I l a )  w i t h  no o f f s e t s  of 

d i s c re t e  l i thologic beds l ike those  observed in t h e  t rench  ac ros s  t h e  Batt leground f a u l t ,  

L a  Po r t e ,  Texas  (fig. 1 lb).  

Three  resis t ivi ty profi les  w i th  a spacings of 25 f e e t ,  50  f e e t ,  and  100 f e e t  show 

increased  resis t ivi ty a t  t h e  fau l t  and  dec reased  values on  e i ther  s ide  (fig. 12). The  

profi les  wi th  25-foot and 50-foot a spacings should h a v e  p e n e t r a t e d  only geologic  

m a t e r i a l  of sand  fac ies .  

The hor izonta l  resis t ivi ty prof i le  wirh t h e  a spac ing  of 25 f e e t  d e m o n s t r a t e s  a 

s ignif icant  i nc rease  in resis t ivi ty ( m o r e  t han  50  pe rcen t )  a n d  a W-shaped s igna tu re  at 

t h e  fau l t .  With t he  50-foot a spac ing  t h e r e  is  approximate ly  a 30-percent  i n c r e a s e  in 

resis t ivi ty a t  t h e  f au l t ,  bu t  t h e  \Si-shaped prof i le  s t i l l  def ines  t h e  f au l t .  With r h e  100- 

f o o t  a spacing,  res i s t iv i ty  increases  20 pe rcen t  at t h e  f a u l t ,  and no W-shaped s igna tu re  

is recorded.  Johnson (1934) demons t r a t ed  a s imi la r  widening and f l a t t en ing  of t h e  W- 

shaped  res i s t iv i ty  prof i le  as t h e  a spacing i s  increased  across a high-resis t ivi ty 

boundary (fig. 6). 

These t y p e  2 res i s t iv i ty  profi les  a r e  s imi l a r  in s h a p e  t o  prof i les  across d ikes ,  

b r ecc i a t ed  rocks,  and minera l ized  zones  ( s e e  Van Nost rand  and Cook,  1966, f o r  

examples) .  The  increased  resis t ivi ty at t h e  f a u l t  ind ica tes  physical a l t e r a t i on  of t h e  

s ed imen t s  (gouge zones)  assoc ia ted  wi th  t h e  f au l t .  

Hor izonta l  resis t ivi ty profiles across  t h e  Cl in ton  and t h e  Iowa Colony f au l t s  show 

increased  resis t ivi ty at t h e  fau l t  and  dec reased  values o n  e i ther  s ide .  Res is t iv i ty  

increases  by 3 3  pe rcen t  (fig. 13) at t h e  Cl in ton  f au l t  ( loca t ion  5 ,  f ig.  7) and by  1 5  

pe rcen t  (fig. 14) at t h e  Iowa Colony f au l t  ( locat ion 6, fig. 7 ) .  These  res i s t iv i ty  

anomal ies  a r e  subt le ,  b u t  t hey  do suggest  a physical  a l t e r a t i o n  of t h e  sed iments  i n  t h e  

f a u l t  zone. 

The hor izonta l  res i s t iv i ty  prof i le  across t h e  Eureka Heights  f a u l t  i s  inconclusive 

in demons t r a t i ng  a change  in resis t ivi ty a t  t h e  f au l t  (fig. 15). This  survey w a s  

conducted  a long  t h e  a c c e s s  road t o  I n t e r s t a t e  Highway 610 ( the  loop around  ousto on). 

Cons t ruc t ion  of t h e  highway may have  homogenized t h e  shallow subsurface  dur ing  

road-grading opera t ions  and e l imina ted  t h e  res i s t iv i ty  break .  



Figure l l a .  Trench across Library fau l t ,  Ellington Air F o r c e  Base. Note  thick- 
ening of soil profile on downthrown side of fault.  No fault  plane surface  evident. 

Figure 1 lb.  Trench across Battleground 
fau l t ,  La Porte,  Texas. Note  offset of 
sand beds. Approximately 14 inches of 
displacement. Photograph courtesy 
Wilbur Evans. 
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Figure 12. Resistivity profiles across Library faul t ,  Ellington Air Force Base a t  a spacings of 
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Figure 13. Resistivity profile across Clinton fault.  Location 5 on figure 7. 
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Figure  14. Res is t iv i ty  prof i le  across  Iowa Colony fau l t .  Loca t ion  6 on  f igure  7. 
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Figure  15. Res is t iv i ty  prof i le  across Eureka  Heights  fau l t .  Locat ion 7 o n  f igure  7. 



Lineat ions 

Aerial  photographic  l ineat ions in t h e  Texas  C o a s t a l  Zone commonly  a r e  t h e  

surf icial  expression of growth  f a u l t s  (Kre i t le r ,  1976). Resis t ivi ty t r ave r se s  w e r e  

conducted  across  t w o  l ineat ions t o  d e t e r m i n e  if th i s  technique  would con f i rm  a 

s t ruc tu ra l  origin of t h e  l ineat ion.  T h e  Barbers  Hill l inea t ion ,  north of Mount Belview 

on S t a t e  Highway 146 in Chamber s  County  (east of Houston), Texas ,  and t h e  San 

Jac in to  l inea t ion ,  th rough t h e  r e f l ec t i on  pool i n  San J a c i n t o  Monument  S t a t e  Park,  

w e r e  chosen fo r  evaluat ion.  

The Barbers  Hill l ineat ion ( locat ion 8, f ig.  7), which  was mapped  ini t ia l ly  on 

black-and-white ae r i a l  photographic mosaics ,  i s  co inc ident  wi th  a color- infrared ae r i a l  

photographic  l ineat ion and  t h e  s u r f a c e  t r a c e  of a n  ex t r apo la t ed  subsu r f ace  f au l t .  In 

t h e  f ield,  a vegeta t ion  change  marks  t h e  l inea t ion .  At t h e  locat ion of t h e  res i s t iv i ty  

survey ,  t h e  l ineat ion is within a Ple i s tocene  d is t r ibu tary  channel ,  a n d  t h e  sur f ic ia l  

geology appea r s  t o  be s imi la r  on e i t h e r  s ide of t h e  l ineat ion.  

The resis t ivi ty prof i le  exhib i t s  an  i n c r e a s e  of approximate ly  50 p e r c e n t  in 

resis t ivi ty at t h e  l inea t ion  (fig. 16) a n d  lower b u t  s imilar  resis t ivi ty values on e i t h e r  

s ide.  The res i s t iv i ty  prof i le  resembles  t h e  prof i le  across t h e  Library f a u l t  at Ell ington 

Air F o r c e  Base. The increased  resis t ivi ty impl ies  a physical  a l t e r a t i on  of t h e  s u b s t r a t e  

benea th  t h e  l ineat ion and  a s t r u c t u r a l  origin of t h e  l ineat ion.  

Evidence fo r  a f a u l t  through t h e  San J a c i n t o  Monument  Re f l ec t ion  Pool is  (1) an 

a e r i a l  photographic l inea t ion ,  (2 )  a rap id  i nc rease  in subs idence  down t h e  length of t h e  

pool toward  t h e  monument ,  and ( 3 )  asphal t  pa t ches  on t h e  access road  around t h e  pool 

(Kre i t l e r ,  1976). Hor izonta l  res i s t iv i ty  profi les  across  t h e  l ineat ion ( locat ion 9, f ig .  7) 

d e m o n s t r a t e  very  s l ight  resis t ivi ty def lec t ions  (fig. 17). These  breaks  a r e  insuf f ic ien t  

ev idence  t o  ver i fy  a s u r f a c e  fau l t .  

HORIZONTAL RESISTIVITY PROFILING-- 

A TOOL FOR IDENTIFYING SURFACE FAULTS 

Hor izonta l  res i s t iv i ty  profiling with a Wenner a r r a y  is  a n o t h e r  technique  t o  

ident i fy  s u r f a c e  f au l t s  along t h e  Gulf coas t .  Like o the r  techniques ,  i t  is not a lways  

successful .  Faul t s  such  as t h e  Baytown, Hi tchcock ,  or  Library exhib i t  s ign i f icant  

resis t ivi ty def lec t ions .  Faul t s  such  as t h e  Iowa Colony and C l in ton  show s u b t l e  

res i s t iv i ty  anomalies .  Res is t iv i ty  profi les  ac ros s  l inea t ions  proved only mode ra t e ly  

successful .  
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Figure 16. Res is t iv i ty  profi le  across Barbers  Hill l ineat ion on S t a t e  Highway 146 n o r t h  of 
Mount Belview, Texas. Location 8 on f igu re  7. 
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Figure 17. Resist ivi ty profi le  across  San Jac in to  l ineat ion a t  San  Jac in to  Monument S t a t e  
Park. Location 9 on  f igure  7. 



An a spacing of 25  f e e t  is recommended.  Wider spac ings  r e d u c e  the  resis t ivi ty 

anomalies. Prec ise  f a u l t  locat ion could not be  de t e rmined  by using a stat ion spac ing  

of 25 f e e t ;  f au l t s  could b e  loca ted  m o r e  precisely by maintaining t h e  25-foot a spac ing  

but  decreasing t h e  s t a t ion  spacing t o  5 o r  10 f e e t .  

PHYSICAL CHARACTERISTICS O F  SURFACE FAULTS THAT 

MAY BE INFERRED FROM HORIZONTAL RESISTIVITY PROFILES 

Res is t iv i ty  profi les  across t h e  Library f a u l t  at Ellington Air F o r c e  Base sugges t  

t h a t  a zone  of physical a l t e r a t ion  of sediments  ex is t s  a long t h e  f au l t .  Format ion  of 

gouge along a f au l t  plane is common.  Tec ton ic  f a u l t s  across alluvial basins in 

California have  c r e a t e d  gouge zones  of suff icient ly low permeabi l i ty  t h a t  ground 

w a t e r  can  b e  s tored  on t h e  upthrown side of t h e  fau l t  (\Villiams, 1970). Faul t s  have  

compar tmen ta l i zed  sands tone  beds in t he  Wilmington Oil  Field, fo rming  ba r r i e r s  t o  

f lu id  migrat ion and pressure  communicat ion (Mayuga, 1970). Decreased  permeabil i ty 

across  t h e  f au l t s  of t h e  Texas Gulf coas t  is a de f in i t e  possibility. Conversely,  

increased permeabi l i ty  within t h e  f au l t  zone  might c a u s e  increased  resis t ivi ty if 

ground wa te r  wi th  lower t o t a l  dissolved solids w e r e  migra t ing  up t h e  f a u l t  planes. 

The resis t ivi ty profi le  a t  t h e  Library f a u l t  def ines  a relat ively wide z o n e  of 

a l te ra t ion .  The  zone  of highest resistivity i s  approximate ly  200 f e e t  wide. A 400- 

foot-wide zone  of increased  resis t ivi ty from background levels  i nd ica t e s  t h a t  a wide 

zone  of s ed imen t  is a f f e c t e d  on e i t h e r  side of t h e  faul t .  
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