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EAST TEXAS SALT DOME STUDIES -- A SUMMARY O F  
SECOND-YEAR RESEARCH ACTIVITIES 

Resea rch  Staf f  

Analysis during the second year was highlighted by a historical 
characterization of East Texas Basin infilling, the development 
o f  a model to explain the growth history of the domes, the 
continued studies o f  the Quaternary in East Texas, and a better 
understanding o f  the near-dome and regional hydrology of the 
basin. Each advancement represents a part of the larger 
integrated program addressing the critical problems of geologic 
and hydrologic stabilities o f  salt domes in the East Texas Basin. 

During t h e  second yea r  of t h e  Eas t  Texas  s a l t  d o m e  s tudies ,  s ign i f icant  advances  

in understanding t h e  hydrologic and geologic s t ab i l i t i e s  of s a l t  domes  w e r e  based on  

t h e  acquisi t ion of much new da t a .  Among t h e s e  new sou rces  of d a t a  a r e  (1) 400 km 

(250 mi) of s e i smic  re f lec t ion  d a t a  t h a t  a r e  bo th  regional  and  s i t e  spec i f ic ,  (2) g rav i ty  

d a t a  fo r  t h e  Eas t  Texas  Basin, (3) 20 shal low boreholes  over  Oakwood Dome,  (4)  1 

hydrologic test hole downdip f r o m  Oakwood Dome ,  and  ( 5 )  a comple t e  c o r e  of t h e  

anhydrite-gypsum c a p  rock over  Gyp Hill D o m e  in South  Texas .  

T h e  acquisi t ion of se i smic ,  g rav i ty ,  and  e l e c t r i c  log d a t a  provided new under- 

s tanding of t h e  s ed imen ta ry  infill ing of t h e  Eas t  Texas  Basin and how i t  caused  s a l t  

migra t ion  and d o m e  growth.  Deposi t ion of t h e  Travis  Peak-Schuler  s ed imen t s  caused  

t h e  f i r s t  d i f f e r en t i a l  loading of t h e  underlying Louann Sa l t  and  t h e  migra t ion  of t h e  

s a l t  i n to  an t ic l ina l  ridges. Subsequent  c l a s t i c  depocen te r s  occu r r ed  l a t e r a l l y  t o  Travis  

P e a k  depocen te r s  and  caused  f u r t h e r  migra t ion  of t h e  s a l t  i n to  diapirs.  T h e  g r e a t e r  

t h e  s ed imen t  loading, t h e  fu r the r  t h e  s a l t  an t ic l ine  advanced  through Trusheim's  (1 960) 

g rowth  sequence:  pillow s t r u c t u r e  t o  i m m a t u r e  diapir and  finally t o  a m a t u r e  diapir.  

Most domes  in t h e  basin can  be  placed within th i s  d o m e  g rowth  sequence .  

Analysis of t h e  Gyp Hill c a p  rock showed t h a t  t h e  c a p  rock was  t h e  resul t  of s a l t  

d o m e  dissolution and t h e  accumula t ion  of t h e  insoluble residuum, anhydr i te .  

Work comple t ed  on t h e  Carr izo-Wilcox aqui fer ,  t h e  major  f resh-water  aqui fe r  in  

t h e  basin, shows t h a t  this  aqui fe r  has  t h e  g r e a t e s t  po ten t ia l  f o r  causing d o m e  

dissolution leading t o  radionucl ide t ranspor t .  Ground-water  c i rcu la t ion  is  cont ro l led  

pr imar i ly  by topography and s t ruc tu re .  Fluid movemen t  is genera l ly  downward 

because  of t h e  s t ruc tu ra l  dip and l eakage  f r o m  overlying units.  Chemica l  composi t ion  

of t h e  w a t e r  evolves f r o m  a low-pH, oxidizing, ca lc ium bicarbonate  w a t e r  in  t h e  

ou t c rop  t o  a high-pH, reducing, sodium bicarbonate  w a t e r  deepe r  in  t h e  aquifer .  This  

c h e m i c a l  change  has impor t an t  impl ica t ions  f o r  radionucl ide t ranspor t .  



The  Pa le s t ine  Sa l t  Dome  is no longer under considerat ion a s  a potent ia l  

reposi tory for  nuclear  was t e  because  of t h e  occu r rence  of  numerous col lapse sinks t h a t  

resu l ted  f rom a n  ear l ie r  brining operat ion.  

T o  da t e ,  s tudies  of Qua te rna ry  s t r a t a  have  not  found evidence  of s a l t  dome 

growth  during t h e  Ple is tocene  o r  Recen t .  

Drilling of hydrologic monitoring well sou th  of Oakwood Dome. 



PURPOSE A N D  SCOPE 

Resea rch  Staf f  

The program to investigate the suitability of salt domes in the 
East Texas Basin for long-term nuclear waste repositories 
addresses the stability of specific domes for potential reposi- 
tories and evaluates generically the geologic and hydrogeologic 
stability of all the domes in the region. 

Eas t  Texas  Basin s tudies  a r e  pa r t  of s a l t  dome  s tudies  of those  in ter ior  basins of 

Texas ,  Louisiana, and  Mississippi t h a t  compose  t h e  Gulf C o a s t  In ter ior  Sa l t  Basin. T h e  

Eas t  Texas  Basin s tudy is one  regional e l e m e n t  of t h e  National  Nuclear  Waste Isolat ion 

Program.  T h e  U.S. D e p a r t m e n t  of Energy (DOE) intends t o  choose o n e  s a l t  dome  f rom 

t h e  Gulf Coas t  Inter ior  Basin fo r  a nuclear  was te  repository. This repor t  concerns  t h e  

s a l t  dome program in Eas t  Texas  and presents  some  prel iminary conclusions r eached  

during 1979 on dome suitability. 

T h e  1979 program t o  inves t iga te  t h e  s tab i l i ty  of s a l t  domes  in t h e  Eas t  T e x a s  

Basin was divided in to  t h r e e  subprograms: (1) subsurface  geology; (2) sur f ic ia l  geology, 

r e m o t e  sensing, and geomorphology; and (3) hydrogeology . T h e  in tegra t ion  of t h e  

resul ts  of t hese  t h r e e  subprograms will (1) de t e rmine  t h e  genera l  sui tabi l i ty of s a l t  

domes  in t h e  Eas t  Texas  Basin fo r  a nuclear  was t e  reposi tory;  and (2) ident i fy  cand ida te  

s a l t  domes  for  fu r the r ,  m o r e  de ta i led  studies. 

T h e  subsurface  program was designed t o  (1) ident i fy  pre-Pleistocene growth  

histories  for  domes in t h e  Eas t  Texas  Basin; (2)  explain t h e  relat ionship of basin 

infilling and s a l t  dome  growth;  (3) m a p  de ta i led  subsurface  geology around t h e  s a l t  

domes; and  (4) de l inea te  s ize  and  shape  of s a l t  domes,  dep th  t o  cap  rock ,  and depth  t o  

s a l t .  

T h e  sur f ic ia l  geology and geomorphology program was  designed t o  (1) de t e rmine  

if t h e  domes have grown during t h e  Quaternary ;  (2) descr ibe  de ta i led  su r f ace  geology 

over  t h e  domes; (3) eva lua t e  t h e  s t r u c t u r e  of t h e  basin t o  discover whether  any  

s t ruc tu ra l  ac t iv i ty  has occurred  during t h e  Quaternary ;  and (4) m a p  s u r f a c e  T e r t i a r y  

fo rma t ions  and a sce r t a in  how they  r e l a t e  t o  dome  and t ec ton ic  history. 

The  pr imary  purposes of  t h e  hydrogeology program were  t o  (1) examine  regional  

ground-water  flow paths  and (2) assess t h e  potent ia l  impac t s  of s a l t  dissolution on 

domes. Studies included regional hydrogeology in f resh-water  aquifers ,  regional  

hydrogeology in t h e  deeper  sal ine aqui fers ,  and hydrogeology around domes. 

This paper,  a summary  progress repor t ,  reviews principal  conclusions a n d  

i l l u s t r a t e s  t h e  methodologies used and t h e  types  of d a t a  and displays genera ted .  

Severa l  topica l  reports ,  presenting de ta i l s  of various geological  a spec t s  of s a l t  domes  

in t h e  E a s t  Texas  Basin, will be  for thcoming as phases of t h e  s tudy a r e  comple ted .  



STRATIGRAPHIC FRAMEWORK AND DEPOSITIONAL SE- 
QUENCES O F  THE EAST TEXAS BASIN 

0. K. Agagu, E. H. Guevara ,  and D. H. Wood 

The stratigraphic succession in the East Texas Basin is com- 
posed of  sequences of transgressive limestones, chalks, and 
shale, alternating with regressive fluvio-deltaic sandstones and 
shales. Six such sequences can be recognized regionally in the 
basin, but each may contain one or more minor sequences. The 
first transgressive episode also deposited a thick layer of  salt, 
which was buried beneath 5,547 m (18,200 f t )  of sediments de- 
posited in the five other sequences. 

Regional  subsurface  s t ra t igraphy of t h e  Eas t  Texas  Basin is being s tudied  t o  

explain basin evolut ion,  t e c t o n i c  s tab i l i ty ,  deposi t ional  pa t t e rns ,  and loca l  d o m e  
2 2 growth  and d o m e  s tab i l i ty .  T h e  region includes approximate ly  43,570 km (16,800 m i  ) 

extending f rom t h e  Mexia-Talco F a u l t  Zone  in t h e  no r th  and wes t ,  t o  t h e  Sabine Uplif t  

in  t h e  e a s t ,  and t o  t h e  vicini ty of Angelina Coun ty  in t h e  south  (fig. 1). 

S t r a t ig raph ic  analysis is based primari ly on corre la t ion  of e l e c t r i c  log s t r a t i -  

graphic  markers  in about  2,600 wells in t h e  basin. Forty-nine cross sec t ions  were  

cons t ruc t ed ,  and about  50 s t r a t ig raph ic  units  were  co r re l a t ed .  These  cross  sec t ions  

provide t h e  basis fo r  cor re la t ing  o the r  wells in t h e  basin. Well log  in t e rp re t a t ion  was 

supplemented  by abou t  400 km (250 mi)  of regional,  sixfold, conventional  C D P  

ref lec t ion  se ismic  d a t a  and both Bouguer and residual  gravi ty  maps ,  which cover  t h e  

en t i r e  basin. 

About  5,791 m (19,000 f t )  of Mesozoic and Te r t i a ry  s t r a t a  a r e  preserved in t h e  

cen t r a l  pa r t s  of t h e  Eas t  Texas  Basin. These  rocks over l ie  metamorphosed  Paleozoic  

Ouach i t a  s t r a t a ,  which a r e  probably a continuat ion of t h e  Appalachian fo ldbel t  (Lyons, 

1957; Wood and Walper, 1974; RilcGookey, 1975). S t ra t igraphy of t h e  Mesozoic and 

T e r t i a r y  s t r a t a  has  been discussed by seve ra l  au thors ,  notably Waters  and  o the r s  

(1 955), Ea ton  (1956), Nichols (1964), and Nichols and o the r s  (1968). A comprehens ive  

summary  of basin s t ra t igraphy is presented  in f igures  2, 3, and 4. T h e  present  

invest igat ions involve six pairs  of r epe t i t i ve ,  regional  deposi t ional  sequences  in t h e  

basin. Each couple t  consists  of a lower,  dominant ly  f luvio-del taic  unit of sands tones  

and sha les  t h a t  is overlain by shelf carbonates  and shales.  

T h e  Eagle  Mills-Louann sequence  (Upper Triassic-Middle Jurassic).--This se- 

quence  was in i t ia ted  by deposition of t h e  undated  cont inenta l  Eagle  Mills red beds. 

The  Eagle Mills red beds a r e  composed of red-brown shales,  sandstones,  and  unfos- 

s i l i ferous l imestones,  which a r e  unconformably overlain by t h e  Werner Format ion .  



Lower sec t ions  of t h e  Werner consist  of cong lomera t e s  and fine- t o  coarse-grained 

sandstones t h a t  g rade  upward in to  f iner  c las t ics  and evapor i tes  in t h e  upper pa r t  of t h e  

format ion .  Ha l i t e  in terbeds  in t h e  Werner progressively increase  volumetrical ly 

toward  t h e  top  of t h e  fo rma t ion  and a r e  t rans i t ional  i n to  t h e  conformably  overlying 

Louann S a l t  (Nichols and o thers ,  1968). 

T h e  Louann S a l t  consists  of white ,  gray  t o  blue ha l i te  with minor amounts  of 

anhydri te .  Upper pa r t s  of t h e  fo rma t ion  exhibi t  s o m e  red p las t ic  sha les  t rans i t ional  

in to  t h e  conformably overlying Norphle t  Fo rma t ion  (Nichols and o the r s ,  1968). T h e  

part ial ly r e s t r i c t ed  na tu re  of t h e  Eas t  Texas  Basin during i t s  ini t ial  s t a g e s  of 

fo rma t ion  (Wood and Walper, 1974) provided an  idea l  s e t t i n g  fo r  large-scale evapor i t i c  

processes,  which have not  been  r epea ted  in t h e  basin. 

Norphlet-Bossier sequence  (Upper Jurassic).--The Norphle t  Fo rma t ion  consists  of 

sandstones,  s i l t s tones ,  and red shales. T h e  basal  pa r t  conta ins  ha l i te ,  anhydr i te ,  and  

dolomi te  t rans i t ional  i n to  t h e  subjacent  Louann evapor i t e s  (Nichols and o thers ,  1968). 

T h e  relat ively thin Norphle t  Fo rma t ion  i s  conformably  overlain by t h e  Smackover  

Format ion ,  which documents  a regressive phase be tween deposition of t h e  Louann Sa l t  

and t h e  Smackover  Limestone.  

T h e  Smackover  Limestone  he re  consists  of a basal l amina ted  mic r i t e  t h a t  g rades  

upward in to  a pe l le ta l  mic r i t e  and  u l t imate ly  in to  a c o a t e d  grainstone.  T h e  Smackover  

L imes tone  is overlain by and is in  pa r t  co r r e l a t ive  with t h e  Buckner Format ion ,  which 

conta ins  red sandstones in t h e  wes tern  and nor thern  margins of t h e  basin and g rades  

basinward in to  evapor i tes ,  shales,  dolomites,  and l imes tones  (Nichols and o thers ,  1968). 

T h e  Smackover-Buckner s t r a t a  document  a shoaling sequence  f r o m  subtidal  in t h e  

lower Smackover  Limestone  t o  supra t ida l  condit ions in  t h e  Buckner Format ion .  T h e  

C o t t o n  Valley Limestone  and Bossier Fo rma t ion  a r e  deeper  w a t e r ,  gray ,  m i c r i t i c  

l imes tones  and gray  t o  black sha les  (Nichols and o thers ,  1968) t h a t  onlap t h e  Buckner 

supra t ida l  f ac i e s ,  a n  indicat ion of a minor s equence  boundary above  t h e  Smackover  

Format ion .  

Schuler-Glen Rose  sequence  (Upper Jurassic-Lower Cretaceous) .--The Schuler  

and Travis  Peak  Format ions  attest t o  t h e  high r a t e  of te r r igenous  c l a s t i c  influx during 

L a t e  Ju ra s s i c  and t h e  Ear ly  Cre t aceous .  They  compose  a th ick  sequence  (900 m ,  3,000 

f t )  predominantly of sands tones  in terbedded wi th  dull red and green-gray sha les  

(Nichols and o thers ,  1968). T h e  Schuler-Travis P e a k  sequence  onlaps t h e  subjacent  

mar ine  units despi te  i t s  s trongly te r r igenous  c h a r a c t e r  and  i s  probably a n  example  of 

c o a s t a l  onlap,  which was most  likely r e l a t ed  t o  t h e  globally rising sea level  during t h e  

L a t e  Jurass ic  and t h e  Early C r e t a c e o u s  (Vail and  o thers ,  1977). 



The  Glen Rose  Group consists  of a thick (750 m ,  2,500 f t )  sequence  of shallow 

marine,  micr i t ic ,  pe l le ta l ,  ool i t ic ,  and shel ly l imes tones  interbedded with dark-gray 

sha les  and anhydr i tes  (Nichols and o thers ,  1968). T h e  predominantly ca lcareous  units,  

such as t h e  P e t t e t ,  J a m e s ,  and  Rodessa  Members  and much of t h e  Upper Glen Rose  

Format ion ,  a r e  deeper  wa te r  fac ies .  Sandy sha le  units,  such  as t h e  Pine  Island Shale,  

and evapor i tes ,  such  a s  t h e  Massive Anhydri te ,  w e r e  deposi ted during minor influxes of 

f ine ,  te r r igenous  sediment  and deposition in supra t ida l  envi ronments ,  respect ively.  

Terr igenous f ac i e s  dominate ,  especial ly along t h e  nor th  and nor thwestern  f lanks of t h e  

basin. 

Paluxy-1Vashita sequence  (Lower Cretaceous).--The Paluxy Forma t ion  consists  of 

in terbeds  of sandstones and shales,  and r a r e  conglomera tes  l ie  in t h e  nor thern  half of 

t h e  Eas t  Texas  Basin. Basinward, toward  t h e  south,  t h e  Paluxy gradually changes  in to  

dark-gray sha les  and mic r i t i c  l imes tones  (Nichols and  o thers ,  1968). The  volume of 

te r r igenous  c l a s t i c  sediment  (up t o  135 m,  4.50 f t )  and t h e  high r a t e  of deposition 

ind ica t e  t h a t  a major  though short-lived phase of fluvial-deltaic c l a s t i c  influx 

occurred.  Limestone  and sha les  of t h e  Freder icksburg  and Washita Groups in Eas t  

Texas  document  t h e  Early C r e t a c e o u s  sea-level  high t h a t  drowned t h e  Paluxy de l tas .  

Woodbine-Midway sequence  (Upper Cretaceous-Paleocene).--Spasmodic uplif t  of 

t h e  marginal  a r e a s  of t h e  Eas t  Texas  Basin during L a t e  Cre t aceous  t o  Pa leocene  

t imes ,  accompanied  by lowering of re la t ive  s e a  leve l ,  resul ted in t h e  te r r igenous  

c l a s t i c  influx marked by t h e  Woodbine and Eagle  F o r d  Groups. T h e  Woodbine Group,  

composed mainly of fluvial and de l t a i c  sands tone  and subordinate shales,  marks  t h e  
- peak of c l a s t i c  sedimenta t ion  during th i s  phase. T h e  Eagle  Ford  Group, consist ing 

primari ly of shelf and slope sha les  and minor sandstones,  documents  t h e  waning phase 

of c l a s t i c  deposition. 

T h e  Austin Group in i t ia ted  t h e  t ransgress ive  and submergent  phase t h a t  t e r -  

minated  in t h e  Paleocene .  During this  deposi t ional  phase,  up t o  244 m (800 f t )  of shelf 

chalks,  shales,  and  mar l s  were  deposi ted wi th  r a r e  c l a s t i c  f a c i e s  t h a t  def ine  minor 

variat ions in this  sequence .  

T e r t i a r y  c1astics.--The T e r t i a r y  s t r a t ig raph ic  sequence  in t h e  Eas t  Texas  Basin is 

a complex unit mainly composed of f luvio-del taic  sands tones  and  shales.  T h e  Wilcox 

Group is a th ick  (up t o  900 m,  3,000 f t )  uni t  of f luvial  and  de l t a i c  sands,  clays,  lignites, 

and mar ls  t h a t  has not  y e t  been  regionally subdivided. T h e  Cla iborne  Group i s  s imilar  

t o  t h e  Wilcox Group, but  i t  displays s o m e  shaly,  glauconit ic ,  fossi l i ferous she l f lembay-  

m e n t  units  (Reklaw Format ion ,  Weches Forma t ion ,  and  Cook Mountain) t h a t  a l t e r n a t e  

regionally with more  sandy f luvial-del taic  units (Carr izo ,  Queen C i t y ,  Spa r t a ,  and 

Yegua Formations) .  T h e  e n t i r e  T e r t i a r y  sec t ion  cons t i t u t e s  t h e  major  regressive phase  

of t h e  s ix th  deposi t ional  sequence.  
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Figure 1. Location map of sa l t  dome province, Eas t  Texas Basin. St ra t igraphic  cross 
sections a r e  arranged parallel t o  regional s t r ike  and dip. Dashed sections a r e  
presented in this report. 
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Figure 2. Strat igraphic succession and nomenclature in East  Texas Basin (adapted 
f rom Nichols and others,  1968). 
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REGIONAL TECTONIC FRAMEWORK O F  THE EAST TEXAS 
BASIN 

0. K. Agagu, M. K. McGowen, D. H. LVood, J. M. Basciano, and 
D. W. Harris  

The East Texas Basin is framed by basement elements that have 
persisted since inception of the basin (Late Triassic). Pre- 
Louann strata in the basin are only slightly deformed in 
contrast to post-Louann strata, which are complexly folded and 
faulted by salt tectonics. Salt diapirism in the central part of 
the basin was probably initiated during Late Jurassic by d i f -  
ferential loading from Schuler-Travis Peak strata. Salt de- 
formation appears. to have started earlier near the basin 
margin. structures created by salt movement remained active 
into the Tertiary. Salt-induced regional structures later in- 
fluenced rates of deposition, thicknesses of strata, and volume 
o f  available salt. 

Regional  subsurface  s t ruc tu re s  in t h e  Eas t  Texas  Basin a r e  cur rent ly  being 

mapped t o  de t e rmine  t h e  t e c t o n i c  evolut ion of  t h e  basin. Mapping covers  t h e  sou the rn  

two-thirds of t h e  basin f rom t h e  Sabine River  sou th  t o  t h e  Angelina f lexure.  F r o m  

well da t a ,  s t ruc ture-contour  maps  fo r  6 s t r a t ig raph ic  horizons and isopachous maps  f o r  

10 s t r a t ig raph ic  units have  been cons t ruc ted .  La te r ,  t h e s e  maps  will be ex tended t o  

depic t  t h e  en t i r e  region, and,  possibly, addit ional  horizons will be mapped.  Well log  

informat ion  is supplemented  by about  400 km (250 mi)  of regional,  sixfold, conven- 

t ional  CDP ref lec t ion  se ismic  da t a ;  Bouguer gravi ty  and residual gravi ty  maps  a r e  

avai lable for  t h e  e n t i r e  region. 

Tec ton ic  elements.--The pre-blesozoic record  in t h e  Eas t  Texas  Basin is specu- 

lat ive.  Available evidence,  however,  points t o  a L a t e  Tr iass ic  o r  Ear ly  Jurass ic  origin 

when t h e  pos tu la ted  r i f t ing of Pangea  sepa ra t ed  Nor th  and South  Amer ica  t o  f o r m  t h e  

Gulf of Mexico (Lyons, 1957; Wood and LValper, 1974; McGookey, 1975). T h e  locus of 

subsidence t h a t  produced t h e  Eas t  Texas  Basin may  also be re la ted  t o  pre-r if t ing 

l ineaments  assoc ia ted  with t h e  Appalachian-Ouachita-Marathon orogeny. 

Basement- re la ted  t e c t o n i c  e l emen t s  in and around t h e  Eas t  Texas  Basin were  

fo rmed  ear ly  in basin history (fig. 5).  Except  for  s o m e  specula ted  gen t l e  downwarping 

caused  by sediment  loading (Turk, Kehle,  and  Associates ,  1978) and s o m e  uplift  in  t h e  

Sabine a r e a  (Granata ,  1963), t h e  basemen t  has remained fair ly s tab le .  S t ruc tu ra l  

complexi ty  in t h e  c e n t r a l  pa r t s  of t h e  basin is, t he re fo re ,  due  primari ly t o  halokinet ic  

movements.  Some t e c t o n i c  e l emen t s  peripheral  t o  t h e  basin exhibi t  both d ias t rophic  

and halokinet ic  origins. 



Boundary elements.--The Mexia-Talco F a u l t  Zone (fig. 5) bounds the  Eas t  Texas  

Basin on t h e  wes t  and north. I t  is a se r i e s  of  e n  echelon f au l t s  and grabens t h a t  

coincide with t h e  updip l imi ts  of t h e  Louann Salt .  The  f a u l t  sys t em extensively 

displaces hqesozoic and lower Te r t i a ry  s t r a t a ,  is also coinc ident  with a subdued s c a r p  

in t h e  basement ,  and has locally assoc ia ted  volcanism (Turk, Kehle,  and Associates ,  

1978). These  evidences  sugges t  t h a t  t h e  f au l t  sys t em probably or ig ina ted  as pa r t  of a 

se r i e s  of s t e p  f au l t s  bounding the  nor thern  f ron t i e r s  of t h e  Gulf of Mexico Basin. 

Possible downdip flow of s a l t  and subsidence resul t ing f rom sediment  load a c c e n t u a t e d  

t h e  Nlexia-Talco Fau l t s  (more  than  o thers )  in post-Louann t imes.  

T h e  Sabine Uplif t  (fig. 5 )  s e p a r a t e s  t h e  E a s t  Texas  Basin f r o m  t h e  Nor th  

Louisiana Basin. The  uplif t  has  been a posi t ive f e a t u r e  probably s ince  t h e  inception of 

t h e s e  basins, as indica ted  by thinning of t h e  Louann Sa l t  (McGookey, 1975). T h e  a r e a  

has  also been spasmodical ly uplif ted,  especial ly during ea r ly  L a t e  C r e t a c e o u s  t i m e s  

(Granata ,  1963). No d i r ec t  relat ionship appea r s  be tween ac t iva t ion  of t h e  Sabine 

Upl i f t  and s a l t  tec tonics .  The  isopachous m a p  for  t h e  Maness, Woodbine, and Eagle 

Ford sequence  (fig. 6) suggests  t h a t  t h e  Sabine  Upl.ift was not  a sou rce  of c las t ics  even  

during development  of t h e  pronounced post-Eagle Ford  erosional  unconformity.  

T h e  Elkhar t  Graben-Mounr Enterpr i se  Fau l t  Sys tem (fig. 5)  is a zone of fau l t ing  

t h a t  bounds t h e  Eas t  Texas  Basin on t h e  south. T h e  f au l t  zone  t r ends  northeast-  

southwest  through Rusk,  Che rokee ,  Anderson,  and possibly Leon Counties .  This t r end  

is coincident  with a buried hinge line t h a t  is subparal lel  t o  and nor th  of t h e  Angelina- 

Caldwell  f lexure  (Nichols, 1964) (figs. 5 and 7). This hinge l ine is t h e  southern  l imi t  of 

t h e  E a s t  Texas  Sa l t  Dome  Province.  Pre-Eocene  set i iments  a r e  th ickes t  nor th  of t h e  

hinge, whereas  post-Eocene depocenters  a r e  t h i ckes t  south  of i t .  

T h e  Elkhart  Graben-Mount Enterpr i se  hinge line probably is a s t ruc tu ra l ly  

e leva ted ,  rel ict  shelf  edge. Post-Louann sed imen t s  have squeezed mobile s a l t  f rom 

t h e  Eas t  Texas  Basin southward t o  produce a f au l t ed  uplif t  s imilar  t o  t h e  l inear  ridges 

on t h e  s lope and r ise in t h e  Gulf of Mexico (Antoine and o thers ,  1967). This  view is 

suppor ted  by t h e  presence of a prominent  gravi ty  minimum along t h e  graben.  Two 

deep-seated sa l t  upl i i ts ,  E lkhar t  and Slocum Domes ,  also occu r  along t h e  sys tem,  

probably a s  a resul t  of second-order sediment  thickness variations. 

Basinal elements.--The e n t i r e  Eas t  Texas  Basin was underlain by t h e  Louann Salt .  

T h e  original tabular  s a l t  l ayer  was initially de fo rmed  in to  a complex  a r r a y  of sa l t  

ridges, t roughs,  pillows, and p i e rcemen t  f ea tu re s .  All post-Louann sediments  a r e  

consequently a f f e c t e d ;  pre-Louann sediments  a r e ,  however,  re la t ive ly  undeformed 

(fig. 8). 



The Eas t  Texas  Basin can  be subdivided regionally in to  a wes tern  subbasin 

t rending north-south and t w o  eas t e rn  subbasins t rending  nor th-nor theas t  - south- 

southwest  (fig. 7). This  basin s t r u c t u r e  is displayed on a l l  t h e  mapped horizons (Lower 

C r e t a c e o u s  t o  Upper Cre taceous) .  Subsidiary e l emen t s ,  principally s a l t  domes  in 

Henderson and Anderson Count ies ,  fu r the r  subdivide t h e  subbasins. Marginal a r e a s  of 

t h e  basin a r e  cha rac t e r i zed  by relat ively cons is ten t  and more  gent le  basinward dips 

compared  with t h e  c e n t r a l  pa r t s  of t h e  basin, where  t h e  principal s a l t  domes  a r e  

concent ra ted .  

In t h e  southern  pa r t  of t h e  basin, regional thickness t r ends  of Upper C r e t a c e o u s  

t o  Te r t i a ry  s e d i m e ~ t a r y  units  (figs. 7 and  9) conform closely t o  s t r u c t u r e s  developed 

by s a l t  movement .  General ly,  t h e  main depocenters  a r e  t h e  regional,  halokinet ic  

synclines; t h e  f lanks of t h e  depocenters ,  which rece ived  th inner  sediments ,  a r e  s i t e s  of 

halokinet ic  ant icl inal  axes.  As  expec ted ,  t h e  te r r igenous  c l a s t i c  and chalk units 

conform t o  this  s a l t  dis tr ibut ion pa t t e rn ,  but  in s o m e  a reas ,  th ick  sequences  of 

ca rbona te s  appear  t o  have developed on paleotopographic highs (overlying s a l t  

ant icl ines)  probably by r ee fa l  build-up and r e l a t ed  processes (fig. 10). T h e  wes t e rn  

syncline was somewha t  less a c t i v e  in L a t e  Ju ra s s i c  and Ear ly  C r e t a c e o u s  t imes.  

Sa l t  mobil izat ion s t a r t e d  ea r ly  in t h e  history of t h e  basin. In t h e  c e n t r a l  pa r t s  of 

t h e  basin, salt-induced sed imen ta ry  thickness variat ions a r e  not iceable  only in t h e  

C o t t o n  Valley Group and t h e  younger s t r a t a  (fig. 8). Before  t h a t  t i m e ,  post-Louann 

deposition in t h e  cen t r a l  par t s  of t h e  basin had been composed principally of mar ine  

l imes tones  and sha les  t h a t  would have exhibi ted planar  s t r a t a l  geomet ry  because  of 

deposition on t h e  undeformed subs t r a t e .  Subsequent  c l a s t i c  influx during deposition of 

t h e  Schuler  and Travis  Peak  Format ions ,  on t h e  con t r a ry ,  would have  exhibi ted th ick  

and sandy (denser)  d e l t a  f ron t  f ac i e s  -- a densi ty imbalance  t h a t  m a y  have  in i t i a t ed  

s a l t  movement .  Burial of  t h e  Louann Sa l t  by about  1,524 m (5,000 f t )  of Norphlet-  

C o t t o n  Valley Limestone  sediments  would also have  c r e a t e d  higher t e m p e r a t u r e s  and 

pressures, which would have enhanced p las t ic  deformation.  



\ 
\ 

I 0 K L A H O M  A  ' A R K A N  S  A S 

_ _  - -- - 

T E X A S  

I 
I 

V A L  VERDE 

0 100 rnl . 
0 8 0  160 nm 

Figure 5. Megatectonic e lements  around t h e  East  Texas Basin. 
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Figure 6. Isopach map of combined Eagle Ford,  Woodbine, and Maness Formations. 
Strat igraphic pinch-out around the  Sabine Upl i f t  is not accompanied by any major 
c las t ic  influx of eroded sediment. 
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Figure  7. Main s t ruc tu ra l  t r ends  in t h e  Eas t  Texas  Basin, indica ted  by s t r u c t u r a l  
configurat ion on t o p  of t h e  P e c a n  Gap  Member  of Taylor  Format ion .  



Figure  8. Seismic  sec t ion  through Van Zand t  County.  Main deposi t ional  axes  def ine  
pers i s ten t  s t ruc tu ra l  t roughs owing t o  salt wi thdrawal  in to  in tervening  ant ic l ina l  
area(s) .  Thickness var ia t ions  indicat ing s a l t  movemen t  become  evident  in Schu le r l  
Travis  Peak  t i m e  (A) in t h e  c e n t r a l  pa r t s  of t h e  basin. Movement could have  been  
in i t ia ted  ear l ie r  near  t h e  margin of  t h e  basin (B). Se ismic  l ine cour tesy  of Teledyne  
Explorat ion Company. 
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F igure  9. Isopach m a p  of Pecan  Gap  Member ,  Lower Taylor  Format ion ,  and  Austin 
Group. 



F i g u r e  10. Major  depos i t iona l  a x e s  in  E a s t  T e x a s  Basin.  D e p o c e n t e r s  c o i n c i d e  w i t h  
pos i t ions  of s t r u c t u r a l  t r o u g h s  i n  f i g u r e  7, e s p e c i a l l y  i n  s a n d l s h a l e  a n d  c h a l k / s h a l e  
un i t s .  



EVOLUTION OF EAST TEXAS SALT DOMES 

Alice B. Giles 

Salt domes in various stages of  maturity in the East Texas Basin 
can be recognized from analysis of the geometry of  the domes 
and the strata surrounding them. 

S a l t  dome  evolut ion enta i l s  t h e  domeward  migrat ion of t h e  a r e a  of sa l t  

withdrawal (fig. 11) (Trusheim, 1960; Kupfer ,  1970). T h e  a r e a  of s a l t  withdrawal i s  

made  appa ren t  on cross sec t ions  by t h e  thickening of sediments  deposi ted during t h e  

t i m e  of withdrawal. The  s t r u c t u r e  t h a t  a c c o m m o d a t e s  t h e  thickening is t e r m e d  a rim 

syncline. 

Immature salt domes a r e  cha rac t e r i zed  by rim synclines t h a t  a r e  re la t ive ly  

d is tan t  f rom t h e  dome c r e s t  such t h a t  s t r a t a  thin toward  and dip away  f rom t h e  dome. 

T h e  rim synclines of mature salt domes have  migra ted  t o  t h e  dome  edge; t he re fo re ,  

younger s t r a t a  th icken  and dip toward  t h e  dome.  Thickened beds ad jacen t  t o  m a t u r e  

domes  indica te  subs tant ia l  f low of s a l t  i n to  t h e  dome  and possible pinch-out of t h e  sa l t  

source.  Consequently,  addit ional  s ed imen t  loading should not  p romote  fu r the r  d o m e  

growth. 

Numerous deep ,  nonpiercing s a l t  pillows occur  in t h e  Eas t  Texas  Basin and 

represent  compara t ive ly  i m m a t u r e  s a l t  s t r u c t u r e s  (fig. 9). Shallow s a l t  domes  in t h e  

basin, however,  exhibi t  various deg rees  of matur i ty .  

Keechi ,  Bullard, and Whitehouse Domes  a r e  in a n  in t e rmed ia t e  s t a g e  of matur i ty .  

Although these  domes  have  risen t o  shallow depths,  surrounding s t r a t a  thin toward  and 

dip away  f rom t h e  domes  (figs. 12,  13, and  14), an  indicat ion t h a t  m o r e  pillow s a l t  is 

avai lable for  addit ional  growth. The  conica l  shape  of t hese  domes  also indica tes  t h a t  

m o r e  sed imen t  loading of t h e  f lanks of t h e  domes  would cause  addit ional  dome growth  

(fig. 15). 

Grand Saline,  Bethel ,  and  Hainesvil le  Domes  a r e  more  m a t u r e  domes  and a r e  

isolated f rom an  addit ional  supply of sal t .  T h e  r im syncline has mig ra t ed  t o  t h e  e d g e  

of t hese  domes,  as indica ted  by t h e  domeward  thickening of s t r a t a  (figs. 16, 17, 

and 18). The  ear ly  (pillow) s t a g e  of dome  growth  at Bethe l  and Hainesvil le  Domes  is 

r e f l e c t e d  in domeward thinning of Lower C r e t a c e o u s  s t r a t a  (figs. 1 7  and 18); t h e  

pillow s t a g e  at Grand Saline Dome  mus t  have ended by F o r t  Worth-Paluxy t i m e  

(fig. 16). The  cylindrical t o  mushroom shape  of t hese  domes  also sugges ts  t h a t  s a l t  has 

been withdrawn f r o m  t h e  a r e a  around t h e  bases of t h e  domes  (fig. 19). 
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Figure  11. Schemat i c  evolut ion of s a l t  diapirs  (modified f rom Trusheim,  1960). 
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Figure 12. North-south s t ruc tu re  sect ion through Keechi Dome, Anderson County,  
Texas. 



Figure  13. West-east s t ruc tu re  sect ion through Bullard Dome, Smith  County, Texas. 



Figure  14. North-south s t r u c t u r e  sec t ion  through Whitehouse D o m e  and t h e  east f lank 
of Bullard Dome,  Smi th  County ,  Texas. 
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Figure 15. Domal sections with no ver t ica l  exaggeration.  Black a r e a  indicates 
approximate c a p  rock. C a p  rock on Whitehouse Dome is  relat ively thin. 



Figure  16. Northwest-southeast s t ruc tu re  section through Grand Saline Dome, Van 
Zandt County,  Texas. 
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Figure 17. Northwest-southeast s t ructure  section through Bethel Dome, Anderson 
County, Texas. 



Figure 18. Northwest-southeast s t ruc tu re  section through Hainesville Dome, Wood 
County,  Texas. 
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Figure  19. Dornal sec t ions  wi th  no ve r t i ca l  exaggera t ion .  Black a r e a  ind ica t e s  
approx ima te  c a p  rock. Grand Saline and Hainesvil le  Domes  have  re la t ive ly  thin c a p  
rocks. 



HYDROLOGIC STABILITY O F  OAK1YIOOD DOME 

Graham E. Fogg,  Cha r l e s  W. Kre i t l e r ,  and  Shir ley P. Du t ton  

Oakwood Salt Dome apparently is in direct contact with the 
IVilcox aquifer. However, salinities observed around the dome 
do not indicate significant dome solution. Programs to evaluate 
dome solution include drilling, ground-water modeling, and 
petrographic studies of cap rock. 

Oakwood Dome  apparent ly  is in d i r ec t  c o n t a c t  with t h e  Wilcox Group, a major  

fresh-water  aquifer .  The  dome is probably vulnerable t o  s a l t  dissolution, as sugges ted  

by Kre i t le r  and o the r s  (1978, fig. 6 ) ,  who noted  t h a t  maximum sal ini t ies  in t h e  Wilcox 

aqui fer  increase  f r o m  2,000 t o  8,000 pprn toward  t h e  dome. In every  case, however, 

sa l in i ty  anomal ies  occu r  in a thin,  muddy sand layer  nea r  t h e  base  of t h e  Wilcox Group. 

Because of low permeabi l i ty  and transmissivi ty in t h i s  muddy layer  and i t s  s epa ra t ion  

f rom upper,  c lean  aquifer  sands by 30 t o  90 m (100 t o  300 f t )  of la te ra l ly  continuous 

mudstone,  t h e  sal ini ty values probably do not  indica te  s ignif icant  dissolution ra tes .  

Aquifers  composed of c lean  sands  higher in t h e  Wilcox should have  t h e  g r e a t e s t  

potent ia l  for  dissolving sa l t ,  y e t  sal ini ty values e s t i m a t e d  f rom e l e c t r i c  logs (fig. 20) 

and  measured  in wa te r  well samples  f rom t h e s e  sands document  a genera l  absence  of 

s a l t  dissolution. F igure  20 shows anomalously high sa l in i t ies  nea r  t h e  updip f lanks of  

t h e  dome  and in an  e longate  plume t h a t  ex t ends  t o  t h e  nor theas t  and conta ins  2,000 t o  

4,000 ppm dissolved solids. If t h e s e  sands  a r e  in c o n t a c t  wi th  t h e  dome,  t hen  t h e  

observed sal ini t ies  a r e  unexpectedly low, s ince wa te r  in such sands should be a lmost  

s a t u r a t e d  with sodium and chlor ide  (approximate ly  300,000 ppm) near  t h e  f lank of t h e  

dome. Fu r the rmore ,  according t o  t h e  regional  hydraulic  gradient ,  any  sal ine plume 

should ex tend  down gradient  t o  t h e  sou theas t  of t h e  dome.  Here ,  however, t h e  Wilcox 

aquifer  does conta in  such sa l ine  anomal ies  (fig. 20). 

T h r e e  conditions may be  responsible for  t h e  appa ren t  lack  of s a l t  dissolution a t  

Oakwood Dome. F i r s t ,  t h e  c a p  rock m a y  p r o t e c t  t h e  s a l t  f rom c i rcula t ing  ground 

water .  Second,  near-dome fac i e s  changes  in t h e  Wilcox m a y  cause  permeabi l i t ies  t o  

d e c r e a s e  toward  t h e  dome. Third,  high sa l in i t ies  around Oakwood may  be  di luted by 

abundant  recharge  of  f r e s h  wa te r  ove r  t h e  dome and by subsequent  mixing and so lu te  

dispersion. 

If t h e  dome  fo rmed  a topographic high during Wilcox deposition (Agagu, 1979, 

personal  communica t ion) ,  Wilcox f a c i e s  may  have  become  muddier nea r  t h e  f lank of 

t h e  dome,  as severa l  e l e c t r i c  logs near  t h e  d o m e  indicate.  Although geophysical logs 

recent ly  obta ined  f r o m  t h e  drilling program in hole 2A ( loca ted  abou t  610 m ,  2,000 f t ,  



sou theas t  of t h e  dome f lank) re inforce  th is  idea by showing t h a t  t h e  Wilcox is 

relat ively muddy, t h e  evidence  i s  inconclusive. 

Recha rge  d i rec t ly  over  Oakwood Dome  m a y  be  g r e a t e r  t han  in surrounding a reas ,  

a s  suggested by hydraulic heads t h a t  appea r  t o  i nc rease  toward  t h e  dome  in both t h e  

lVilcox and t h e  C a r r i z o  aquifers .  Such an  inc rease  in  r echa rge  could be caused  by a 

combination of t h r e e  fac tors :  (1) t h e  a r e a  ove r  t h e  dome  is a regional,  topographic  

high; (2) t h e  \Siilcox and Car r i zo  a r e  uplif ted sl ight ly over  t h e  dome  so  t h a t  t he  aqui fer  

c rops  o u t  in a smal l  r echa rge  a r e a  over  t h e  dome; and  (3) t h e  uplif t  h a s  produced f au l t s  

and  disrupted aquitards.  

Three  ongoin5 programs a r e  designed t o  eva lua t e  t h e  causes  f o r  t h e  absence  of 

sal ini ty anomalies  around sa l t  domes  and Oakwood Dome  in part icular:  (1) a drilling 

program at Oakwood Dome  t o  eva lua t e  distr ibut ion of hydraulic  head,  wa te r  chemis-  

t ry ,  and aqui fer laqui ta rd  lithology and permeabil i ty;  (2) a numer ica l  ground-water  

modeling program t o  ana lyze  t h e  complexi t ies  of ground-water  flow and so lu te  

dispersion induced by dome geomet ry  and uplif t ,  r echa rge  over  t h e  dome,  topograph- 

ical ly control led r echa rge  and discharge,  and aqui fer laqui ta rd  lithologies; and (3) c a p  

rock evolution s tudies  t o  de t e rmine  cha rac t e r i s t i c s  of dome  dissolution through 

geologic t i m e  and t h e  abi l i ty  of t h e  c a p  rock t o  i so la te  t h e  s a l t  f rom c i rcula t ing  

ground water .  



CZ/150-TDS n Cor r~zo  

A Indicates presence of anomalously high TDS 

Figure 20. Ground-water salinity e s t ima tes  in the  Carr izo  and major sands of the  
Wilcox. Anomalous salinities a r e  found close t o  t h e  updip flanks of t h e  dome and in a n  
e longate  plume extending t o  t h e  northeast .  



DRILLING AND HYDROGEOLOGIC MONITORING AT OAK- 
WOOD SALT DOME 

Graham E. Fogg 

A hydrogeologic drilling program at  Oaktvood Dome was  designed 
to  eva lua t e  t h e  three-dimensional  distr ibut ion of sal ini ty a n d  
o t h e r  chemica l  pa rame te r s ,  hydraulic  gradient ,  aquifer/aquitard 
f r a m e w o r k  and permeabil i ty,  and  sa l t /cap  r o c k  charac ter i s t ics .  

On t h e  basis of prel iminary hydrogeologic s tudies  at Oakwood Dome ,  a drilling 

program has been designed t o  provide t h e  following information:  

(1) Distributcon of ground-water  chemis t ry ,  including carbon-14 age  da tes ;  

(2) Hydraulic  gradients  and aqui fer  permeabi l i t ies  needed t o  ca l cu la t e  ground- 

wa te r  veloci ty fields; 

(3) Geologic f ramework,  including distr ibut ions of aquifer  he terogenei t ies  and 

the i r  assoc ia ted  heterogeneous permeabi l i t ies  t o  provide an  understanding of mass  

t r anspor t  phenomena; 

(4) Values of radionuclide adsorpt ive  coef f ic ien ts ;  

(5) Sa l t / cap  rock charac ter i s t ics ;  

(6) Fluc tua t ion  of long-term ground-water leve ls  in response t o  r echa rge  and 

ver t ica l  leakage  across  aquitards.  

T h e  drilling program was originally designed t o  include four  well c lus ters  l oca t ed  

in e a c h  quadrant  flanking t h e  d o m e  (s i tes  2, 3, 4, and  5) and a sa l t / cap  rock c o r e  hole 

l oca t ed  d i rec t ly  over  t h e  dome  (si te  1) (see fig. 20). S i t e s  2 and 4 a r e  l oca t ed  nearly 

paral lel  t o  t h e  regional hydraulic gradient .  Consequently,  because  of t h e  regional  

hydraulic  gradient ,  s i t e  2 is l oca t ed  for  sampling sa l in i t ies  immedia te ly  downdip of t h e  

dome. Well 2A, a t  s i t e  2, which was comple t ed  in 1979, verif ies  exist ing e l e c t r i c  log 

d a t a  documenting t h a t ,  con t r a ry  t o  t h e  regional hydraulic gradient ,  sa l in i t ies  im- 

media te ly  down-gradient f rom Oakwood Dome  do not  increase  noticeably as a resul t  of 

any  s a l t  dissolution. S i t e  4 is l oca t ed  so  t h a t  i t  will provide background d a t a  t h a t  a r e  

una f fec t ed  by t h e  dome.  S i t e  3 is s i t ua t ed  of f  t h e  wes t  f lank of t h e  dome where  

hydrologic d a t a  a r e  sparse.  S i t e  5 is positioned for  an  invest igat ion of  t h e  

sal inelbrackish ground-water  plume t h a t  ex tends  nor theas tward  f r o m  t h e  dome. 

Each well c lus ter  was designed t o  consist of e ight  wells: four  production wells 

and four corresponding observat ion wells s c reened  in various pa r t s  of t h e  Wilcox- 

C a r r i z o  sys tem.  The  sequence  of drilling at e a c h  s i t e  was a s  follows: (1) dri l l  o n e  

deep-pilot hole through t h e  Naca toch  Sand ( a t  abou t  900 m or 3,000 f t ) ,  and c o r e  30 m 

(100 f t )  of Naca toch  Sand; (2) plug back t o  t h e  Wilcox, and  comple t e  as a production o r  



observat ion well in a lower Wilcox Sand; and ( 3 )  drill  t h e  o the r  seven wells a t  shor t  

spacings f rom t h e  pilot hole, and comple t e  in zones de t e rmined  f rom geophysical logs, 

cores ,  and cut t ings  col lec ted  in t he  pilot hole. 

Pumping t e s t s  last ing a t  leas t  24 hours were  programmed t o  provide wa te r  

samples  and measu remen t s  of aqui fer  permeabi l i ty  and s to ra t iv i ty  in e a c h  production 

well. Maximum tes t ing  ef f ic iency  can  be  achieved by high-quality well cons t ruc t ion ,  

fully pene t r a t ing  wells,  and  drawdown measu remen t s  in both production wells and 

observat ion wells. 

T h e  \Siilcox aquifer  was  cored  at s i t e  2 in 1979. Analysis of t h e  Wilcox c o r e  i s  

intended t o  provide t h e  following information:  (1) na tu re  of deposi t ional  envi ronments  

and pe rmeab i lhy  of respec t ive  f ac i e s  as r e l a t ed  t o  dome  growth  history, (2) values of 

radionuclide adsorpt ion coeff ic ien ts ,  ( 3 )  sed imen ta ry  geochemis t ry  and mineralogy,  

and (4) resource  potent ia l  of d e e p  l igni te-bearing s t r a t a .  

A t  s i t e  2, monitoring wells a t  t h r e e  d i f f e r e n t  depths  and t h e  Wilcox c o r e  were  

comple ted .  A t  s i t e  5 and at t h e  s a l t  co re  s i t e ,  wells in t h e  C a r r i z o  aqui fer  were  

comple ted .  In addit ion t o  t h e s e  wells,  10  shallow p iezomete r s  have  been  instal led in  

t h e  C a r r i z o  and Queen C i t y  Format ions .  

Because of funding cutbacks  f rom t h e  Of f i ce  of Nuclear  Waste Isolat ion (ONWI),  

t h e  number of wells in t h e  monitoring program was signif icantly reduced. Funding 

c u t s  will g rea t ly  reduce t h e  capabil i ty t o  i n t e rp re t  t he  hydrology around Oakwood 

Dome, or around any dome in t h e  Eas t  Texas  Basin. Available informat ion  will be used 

t o  develop t h e  best ,  but  a n  incomple te ,  p ic ture  of s a l t  dome  dissolution. Hydraulic  

heads in al l  wells, including those  containing shallow p iezomete r s  in t h e  Queen C i t y  

and C a r r i z o  aquifers ,  will be  measured  continuously over  a 2-year period t o  provide 

boundary conditions needed t o  develop numer ica l  ground-water  models  wi th  which 

mos t  of t h e  hydrogeological d a t a  will b e  analyzed.  



AQUIFER MODELING AT OAKWOOD DOME 

Graham E. Fogg 

Aquifer modeling by numerical methods is being used to analyze 
hydrogeologic conditions around Oakwood Salt Dome. A pre- 
liminary test model that considers only the e f f e c t s  of the dome 
itself on a three-dimensional flow field shows very local deflec- 
tions of ground-water flow lines. 

Aquifer modeling by numer ica l  methods  is being used t o  ana lyze  t h e  hydrogeo- 

logic system near  Oakwood Sa l t  Dome. C u r r e n t  e f f o r t s  a r e  addressed t o  cons t ruc t ion  

of a detai led grouhd-water flow model. TERZAGI,  t h e  flow modeling program being 

used, employs an  in t eg ra t ed  f in i te  d i f ference ,  mixed explicit-implicit  numer ica l  

s c h e m e  for  solving problems of one-, two-, or  three-dimensional  fluid movement  in 

fully or  part ial ly s a t u r a t e d  porous media  wi th  ve r t i ca l  consolidation in t h e  s a t u r a t e d  

zone. T h e  theo ry  behind TERZAGI, a descript ion of i t s  a lgor i thm,  and  i t s  applicat ions 

t o  problems can  be found in l i t e r a tu re  describing i t s  two  r e l a t ed  programs,  TRUST and 

FLUMP. TRUST, described by Naras imhan and Witherspoon (1977 and 1978) and  

Narasimhan and o the r s  (1978), is ident ica l  t o  TERZAGI,  excep t  t h a t  i t  includes 

ver t ica l  consolidation in both the  fully and  part ial ly s a t u r a t e d  zones. FLUMP, 

described by Fogg and o the r s  (1979), Narasimhan and o the r s  (1977), Neuman and  

Narasimhan (1977), and Narasimhan and o the r s  (1978), was  developed f rom a version of 

TRUST by replacing t h e  in t eg ra t ed  f in i t e  d i f f e rence  ma t r ix  gene ra to r  wi th  a f in i t e  

e l e m e n t  ma t r ix  genera tor .  TERZAGI was chosen because  i t  is a f lexible program 

which yields a c c u r a t e  answers t o  complex  problems. 

A prel iminary simulat ion of flow through t h e  Wilcox-Carrizo sys t em,  including 

t h e  e f f e c t s  of t h e  dome geomet ry  on t h e  three-dimensional  flow field,  has  been  

comple ted .  The  purpose of this  exe rc i se  was t o  discover how t h e  dome  itself a f f e c t s  

flow pat te rns ;  consequently,  i t  is a g rea t ly  simplified analysis.  The  three-dimensional ,  

i n t eg ra t ed  f in i te  d i f ference  (IFD) mesh is shown in f igure  21. The  radial node 

a r r angemen t  was chosen because  i t  is an  e f f i c i en t ,  easy  means  of closely spacing nodes 

nea r  t h e  dome,  where g r e a t e r  accu racy  may  be required because  of ab rup t  changes in 

hydraulic gradient .  Only half t h e  dome a r e a  was modeled because  t h e  s imple  

formula t ion  of t he  problem makes  i t  geometr ica l ly  symmet r i c .  T h e  t h r e e  layers  used 

in t h e  mesh do not represent  l i thologic layers ,  but  a r e  included t o  r ep resen t  t h e  

ver t ica l  a r r angemen t  of t h e  Wilcox-Carrizo aqui fers  around t h e  dome  and t o  allow 

ver t ica l  fluid movement .  Transmissivi ty of  e a c h  layer  is one-third t h e  t o t a l  

t ransmissivi ty of t h e  Wilcox-Carrizo sys t em,  a s  e s t i m a t e d  f r o m  pumping test est i -  



m a t e s  of hydraulic  conductivi t ies  in t h e  Eas t  T e x a s  Basin and a v e r a g e  sand thicknesses 

e s t ima ted  f rom e l e c t r i c  logs loca t ed  in t h e  Oakwood Dome  area .  Regional  dip of t h e  

aqui fers  is t aken  into accoun t  by t i l t ing  t h e  mesh  at a n  angle  de termined f r o m  e l e c t r i c  

log correlat ions.  Boundary condit ions a r e  prescribed head on t h e  updip and downdip 

margins and prescribed (zero)  f lux on t h e  l a t e r a l  boundaries. 

Hydraulic  heads computed  by t h e  model  (fig. 22) show t h a t  t h e  dome causes  only 

a loca l  def lec t ion  of ground-water  flow lines, both ver t ica l ly  and horizontally. The  

genera l  absence  of ve r t i ca l  movemen t  i s  shown by t h e  f a c t  t h a t  heads in e a c h  layer  

plot d i rec t ly  on t o p  of one  another  excep t  against  t h e  downdip f lank  of t he  dome,  

where  heads in t h e  upper l aye r  (shown as dashed contours)  a r e  slightly higher t han  

those  in t h e  lower two  layers .  F iner  contour  spac ing  would show a similar  ve r t i ca l  

gradient  d i rec ted  upward on t h e  updip flank. Never the less ,  ve r t i ca l  flow r a t e s  

computed  by t h e  model  show ver t ica l  upward f low f rom t h e  lower t w o  layers  t o  t he  
3 upper layer  along t h e  nor thwestern  f lank of t h e  dome t o  be 181 m per  day (53 a c r e - f t  

per  year) ,  o r  tw ice  t h e  value for  t h e  e n t i r e  nor thern  flank. Flow magni tude  is exac t ly  

t h e  s a m e  along t h e  sou the rn  f lank,  but  flow di rec t ion  is reversed.  Values a r e  vir tual ly 

unaffec ted  by t runcat ion  e r ro r s  induced by t h e  numer ica l  s cheme ,  s ince  t h e  maximum 
3 e r ro r  in mass ba lance  a t  nodes surrounding t h e  dome was only 0.5 m per day (0.15 

ac re - f t  per year). 

Vert ical  f low r a t e s  a r e  a smal l  f r ac t ion  of t h e  l a t e r a l  f low ra tes ;  however, t hey  

may be signif icant  t o  so lu te  t ranspor t .  O n  t h e  o the r  hand, ve r t i ca l  upward movemen t  

m a y  be  nullified o r  reversed  by r echa rge  occurr ing  over t h e  dome  and/or  by permeabili- 

t i e s  t h a t  a r e  an iso t ropic  with t h e  maximum permeabi l i t ies  or ien ted  along t h e  

horizontal  plane. The  Wilcox aqui fer ,  because  of i t s  mode of deposi t ion,  is mos t  likely 

anisotropic on both  l i thologic and pore  scales.  Despi te  i t s  lack  of de ta i l ,  t h e  model  

provides informat ion  with which t o  plan test drilling and subsequent  modeling. 

The  next  s t e p  of  t h e  modeling program will incorpora te  a l l  re levant  a spec t s  of 

t h e  f low sys t ems  in  t h e  Oakwood D o m e  a rea .  These  a spec t s  will be de termined as the  

model  is built and  t e s t e d  and more  d a t a  a r e  co l l ec t ed  through drilling, t e s t i ng ,  and 

monitoring. T h e  following f a c t o r s  of potent ia l ly  major  impor t ance  will be included in 

t h e  model: 

(1) Three-dimensional  permeabi l i ty  distr ibut ions,  including e f f e c t s  of sedimen- 

t a r y  f ac i e s  pa t t e rns  and t h e  s t ruc tu ra l  fabr ic ;  

(2) Variat ions in r echa rge  and discharge caused  by e f f e c t s  of topography; and 

(3) Vert ical  fluid movemen t  within aqui fers  and across  aquitards.  

Boundaries of t h e  model  will be ex tended t o  potent ia l ly  impor t an t  r echa rge  and 

discharge a r e a s  in t h e  region around Oakwood Dome. 



Heterogeneous  permeabi l i ty  distr ibut ions around Oakwood and Keechi  Domes  a r e  

being studied through graphic  cor re la t ion  of e l e c t r i c  logs, a s  shown in f igure  23. Sand- 

body distr ibut ion in  t h e  LVilcox Group is being used t o  subdivide t h e  uni t  i n to  

hydrogeologic facies .  On t h e  basis of th is  work,  maps  of ne t  sand,  muddy sand,  and  

c lay/sha le  have been comple ted  for  t h r e e  s e p a r a t e  layers  in  t h e  Wilcox within a 16-km 

(10-mi) radius of Oakwood Dome. Existing d a t a  provide t h e  geologic f r amework ,  bu t  

can  only be  valid input  into t h e  model  with good permeabi l i ty  e s t i m a t e s  of t h e  various 

facies. T h e  drilling program is designed t o  provide th i s  informat ion  through pumping 

t e s t s  and analysis of c o r e  samples.  C o r e  samples  a r e  also necessary fo r  val idat ing 

in terpre ta t ions  now being m a d e  solely f rom resis t ivi ty logs. 

Macroscopic so lu te  dispersion in t h e  Wilcox aquifer  is caused  by t h e  types  of 

he terogenei t ies  shown in f igure 23. F o r  years ,  hydrologists,  through t h e  use of a 

coeff ic ien t  of dispersivity in a so lu te  t ranspor t  equat ion ,  have  been a t t e m p t i n g  t o  

describe t h e  e f f e c t s  of aquifer  he terogenei t ies  on ground-water  flow. However ,  t h e  

dispersivi ty is s ca l e  dependent  and can  seldom be measured  on a sca l e  t h a t  is 

representa t ive  of mos t  so lu te  t r anspor t  problems. Existing methods  fo r  predic t ing  

dispersion a r e  inadequate.  Current ly ,  research  is being conducted  t o  s tudy ways of 

analyzing t h e  dispersive quali t ies  of t h e  Wilcox by a s t a t i s t i ca l  cha rac t e r i za t ion  of i t s  

he terogenei t ies  as indicated by hydrogeological borehole d a t a  and deposi t ional  sys- 

t ems .  Much of th is  e f f o r t  i s  based on t h e  work of Schwar t z  (1977), who uses 

de t e rmin i s t i c  flow models  t o  ana lyze  t h e  e f f e c t s  of hypothe t ica l  aquifer  he tero-  

genei t ies  on dispersivity, and Neuman (in press),  who discusses t h e  work of many 

authors  on cha rac t e r i za t ion  of aquifer  he terogenei t ies .  



Plan -- 

Nodal p o n t  and o s s o c ~ o t e d  nodal volume 

Cross  -Sec t~on  

Figure 21. Integrated f in i te  difference (IFD) mesh for preliminary model of flow 
around Oakwood Dome. One advantage of t h e  IFD method is t h a t  i t  allows one t o  
deform nodes into arbitrary shapes. 



E X P L A N A T I O N  

- 90 - Hydraulic head n lower  t w o  layers 2000m 
- - - - - - - - - 

Hydrau l~c  head IP  upper layer 6095 4 f t  

Figure 22. Computed heads f rom preliminary model of flow around Oakwood Dome. 
The model indicates only a local perturbation of flow lines by t h e  dome. 
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EXPLANATION 

Clean sand 

Muddy sand 

a Cloy or shale 

Transmissiv~ty T4 c T2 c T i  c T3 

Hydraulic conductivity values 7 

Dispersivity values 

Vertical scale = 1"=100ft or 3 0 5 m  

Figure  23. Graphic  cor re la t ion  of Wilcox Group he terogenei t ies  using e l e c t r i c  logs 
f rom Oakwood and Keechi  Dome  a r e a s  ( le f t  and r ight ,  respectively). Around Oakwood, 
t h e  muddy layer  label led "T " m a y  be a n  impor t an t  aqui ta rd ,  part ial ly s epa ra t ing  m o r e  
transmissive zones above  a n 8  below. 



STUDIES O F  C A P  ROCK ON GYP HILL SALT DOME 

Shirley P. Du t ton  and Char l e s  W. Kre i t l e r  

The cap rock on Gyp Hill Salt Dome consists o f  gypsum near the 
surface (0 to  90 m, 0 t o  300 f t )  and gypsum-cemented anhydrite 
above the salt (90 to 273 m, 300 to 895 ft).  The cap rock 
formed by concentration o f  insoluble anhydrite grains as the 
dome salt dissolved. 

A t  Gyp Hill, l oca t ed  in Brooks County ,  Texas ,  a continuous c o r e  was t aken  f rom 

t h e  s u r f a c e  through t h e  c a p  rock and abou t  6 m (20 f t )  i n to  underlying sa l t .  T h e  upper 

90 m (300 f t )  of t h e  co re  consist  of bladed and equigranular  gypsum crystals ;  common 

solution-enlarged f r a c t u r e  and vug porosi ty occu r  be tween crystals .  Minor a m o u n t s  

(<I percent )  of anhydr i te  and ca rbona te  a r e  present  a s  inclusions in t h e  gypsum. 

About  90 m (300 i t)  deep ,  t h e r e  i s  a transi t ion downward f r o m  coa r se ly  

crys ta l l ine  gypsum t o  gypsum-cemented anhydr i te  (fig. 24). T h e  lower pa r t  of t h e  c a p  

rock (90 m t o  273 m,  300 t o  895 i t )  consists  of anhydr i te  c rys ta ls  surrounded by 

varying amounts  of poikilotopic gypsum c e m e n t  (fig. 25) and chao t i c  masses of fine- 

grained anhydr i te  (fig. 26). Porosi ty and permeabi l i ty  a r e  low throughout  most  of t h i s  

i n t e rva l  ( tab le  1). However ,  immed ia t e ly  above  t h e  s a l t  (268 t o  273 m,  880 t o  895 i t )  

t h e r e  is very  l i t t l e  gypsum c e m e n t ,  and porosi ty is a s  high a s  20 pe rcen t  (fig. 27). 

C a p  rock format ion  at Gyp Hill apparent ly  occurs  by dissolution of s a l t  and 

accumula t ion  of insoluble mater ia l .  Sa l t  s amples  conta in  13 t o  42 pe rcen t  anhydr i t e  

c rys ta ls  (fig. 28) and less than  1 pe rcen t  carbonate .  Sa l t  dissolution a t  t h e  sa l t - cap  

rock boundary concen t r a t e s  this  residue in to  a porous sands tone  composed of anhydr i t e  

crystals .  Porosi ty is occluded a shor t  d is tance  above  t h e  sa l t  ( t ab l e  1) by prec ip i ta t ion  

of gypsum c e m e n t  and by compact ion  and crushing of s o m e  anhydr i te  c rys ta ls  caused  

by overburden pressure (fig. 26). The  i n t e r f a c e  be tween c a p  rock and sa l t  a t  Gyp Hill 

Dome  exhibi ts  modera t e  permeabil i ty (45 md); t he re fo re ,  s a l t  solut ion can  continue t o  

occur .  T h e  f a c t  t h a t  t h e  c a p  rock represents  an  accumula t ion  of anhydr i te  indica tes  

t h a t  t h e r e  has been signif icant  dissolution of t h e  dome. 



Figu re  24. P e r c e n t  gypsum versus dep th  in Gyp Hill  cap rock. T h e  non-gypsum 
f r a c t i o n  of t h e  c a p  rock cons is t s  of anhydr i t e  and  r a r e  c a l c i t e  and  pyri te .  



Figure  25. Rectangular  anhydr i te  c rys ta ls  surrounded by poikilotopic gypsum c e m e n t  
f rom 262.7 m (862 f t ) .  Sca l e  bar  = 0.3 mm. 

Figure  26. Rectangular  anhydr i te  c rys t a l s  surrounded by c h a o t i c  mass  of fine-grained 
anhydri te .  D e p t h  is 160.0 m (525 f t ) .  Sca l e  ba r  = 0.3 mm.  

4 3 



Figure  27. Porous anhydr i te  sand immedia t e ly  above  t h e  s a l t  at a depth  of 272.8 m 
(895 f t ) .  Poros i ty  (black pa tches)  is 20 pe rcen t  in t h i s  sample.  Sca l e  bar  = 0.3 mm.  

Figure  28. Rectangular  anhydr i te  c rys t a l s  in s a l t  (black mineral).  Dep th  i s  278.9 m 
(915 f t ) ,  which i s  6.1 m (20 f t )  i n to  t h e  sal t .  Sca l e  ba r  = 0.3 mm. 
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Depth  

( i t )  

Tab le  1. Physical  cha rac t e r i s t i c s  of Gyp Hill c a p  rock. 

Pe rmeab i l i t y  Poros i ty  

(md) (96) 

Densi ty  
3 

(g lcm ) 



IMPACTS O F  SALT-BRINING ON PALESTINE SALT DOME 

Graham E. Fogg and Char l e s  W. Kre i t le r  

Fifteen karstic collapse structures over the Palestine Salt 
Dome have been attributed to extensive brine production during 
the period 1904 to 1937. Three collapses have formed since 
1937, one as recently as 1978. Palestine Dome is considered 
unsuitable as a nuclear waste repository because of the poten- 
tial for additional collapses and because of the long-term 
impairment of the hydrologic security of the dome. 

T h e  Pales t ine  Sa l t  and Coal  Company used brine wells t o  mine sa l t  f rom 

Pales t ine  Sa l t  Dome  during t h e  period 1904 t o  1937 (Powers,  1926; Avera ,  1976). 

Hopkins (1917) mapped topography over  t h e  dome and locat ions of 16  brine wells 

drilled be tween 1900 and 1917 (fig. 29). Powers  (1926) described the  procedure used t o  

mine sal t :  

Wells a r e  drilled t o  t h e  caprock at 120 t o  160 f e e t ,  casing is s e t ,  and  then  t h e  
well is deepened 100 t o  250 feet in t h e  sa l t .  Water  f r o m  a w a t e r  sand under t h e  
caprock f lows into t h e  wells,  dissolves t h e  s a l t ,  and t h e  brine is forced  by 
compressed  a i r  t o  t h e  plant .  

Hopkins (1 9 17) states: 

T h e  main f a c t o r  control l ing t h e  locat ion of s a l t  wells is t h e  presence  of a good 
caproclc which se rves  as a s e a t  for  t h e  casing and also holds up t h e  overlying 
s t r a t a  until  a l a rge  cavi ty  is dissolved o u t  underneath  i t .  When t h e  support ing 
s a l t  is suff icient ly removed this  rock,  being undermined,  caves  in,  with t h e  
overlying format ions  forming a l a r g e  sink hole. 

As of Oc tobe r  1979, 16  col lapse s t ruc tu re s  had been found. Severa l  of t hese  a r e  

c l rcu lar  (In many cases  water- i l l led)  depressions t h a t  exhlbi t  d i ame te r s  of 8 t o  32 m 

(27 t o  105 f t )  and depths  of 0.6 t o  4.5 m (2 t o  more  than  15  f t )  (fig. 30). Hlghtower 

(1958) mapped 13  slnks (fig. 31)  and assumed t h a t  e a c h  marked t h e  locat lon of a 

f o r m e r  brlne well. Slnk 8 does not  appear  on Hightower 's  map  but  nonetheless  mus t  

have  occurred  during t h e  brinlng opera t ions  because  l t  can  be Identif ied on ae r i a l  

photographs dat ing a s  f a r  back as 1932. 

A t  leas t  t h r e e  col lapses have  occurred  s lnce  brining ceased  in 1937. Comparison 

of  ae r i a l  photos of Pa les t ine  Dome  In 1932, 1940, 1956, 1960, and  1976 ( t ab l e  2 )  t o  t h e  

su r f ace  geology m a p  of Hightower (1958) indica tes  t h a t  sink 14 (fig. 31)  fo rmed  

be tween 1956 and 1958, and sink 5 formed be tween 1960 and 1976. Mrs. Morris,  r h e  

landowner,  s t a t e s  t h a t  sink 5 occurred  withln minutes a f t e r  her daughter  drove  an  

automobile over t h e  s l t e  in 1972. Additionally, in 1978 t h e  land s u r f a c e  suddenly 



collapsed underneath  a foundation support  of Mrs. Morris' t r a i l e r  home  (see  fig. 31)  and  

l e f t  a depression measuring approximate ly  1.2 m (4 i t )  wide and 0.6 m (2 f t )  deep. I t  i s  

not  known whether  t hese  col lapses mark  brine well locat ions,  because  no record  exis t s  

of all  such locat ions and because  dissolution caused  by brining could occu r  both nea r  

t h e  well bore and randomly a t  s o m e  distance.  

Locat ions  -of a c t u a l  brine wells drilled before  1917 were  mapped by Hopkins 

(1917) (fig. 29) and fu r the r  demons t r a t e  t h e  potent ia l  fo r  t h e  occu r rence  of addit ional  

collapses. Hopkins mapped nine productive brine wells on t h e  no r theas t  s ide  of 

Duggey's Lake  in t h e  vicinity of sink 14, y e t  t h e r e  a r e  only t h r e e  sinks in th is  a r e a  

(fig. 31). Thus, a t  l ea s t  six more  col lapses could occu r  in this  a r ea .  Similarly,  Hopkins 

found t h r e e  wells just e a s t  of t h e  southwestern  neck of t h e  lake,  where  no sinks have  

been found. This a r e a  is cha rac t e r i zed  by rapid erosion upslope and sedimenta t ion  

along t h e  lakeshore. The re fo re ,  any  col lapse f e a t u r e s  t h a t  may have  occurred  could 

have  been ob l i t e r a t ed  by t h e s e  processes. Similarly,  erosion may  have  been precipi- 

t a t e d  by land su r f ace  col lapse and consequent  lowering of t h e  base leve l  of t h e  loca l  

s t r e a m .  

Some  brine wells were  drilled in to  t h e  present  lakebed.  Aer ia l  photographs 

indica te  t h a t  a t  l ea s t  one  sinkhole was engulfed by t h e  l ake  when, in t h e  19401s, t h e  

l ake  leve l  was raised by t h e  cons t ruc t ion  of a c o n c r e t e  spillway at i t s  out le t .  In a 

sea rch  fo r  addit ional  col lapses in t h e  lakebed,  s eve ra l  ba thymet r i c  and  shallow se i smic  

ref lec t ion  surveys were  run across  t h e  l ake  in conjunction wi th  t h e  U.S. Geological 

Survey. The  ba thymetry  showed t h e  lakebed t o  be fair ly uniform and t o  r each  a 

maximum depth  of 1.8 or  2.1 m (6 or  7 f t ) .  Although no depressions were  observed,  

t hey  may be present  underneath  a th ick  muck layer  t h a t  covers  t h e  lakebed. T h e  

se ismic  survey was  unable t o  pene t r a t e  t h e  muck layer .  

Chemica l  analyses ( t ab l e  3) of wa te r  s amples  f rom water-f i l led sinkholes, Mrs. 

Morrls shallow dug well, and Duggey's L a k e  show s o m e  genera l  t r ends  in ground-water 

chemis t ry  and flow over t h e  Pales t lne  Dome. Mrs. Morris' well and mos t  of t h e  

s inkholes conta in  low-TDS wa te r  typica l  of shallow ground wa te r  in t h e  reglon. 

Duggey's Lake  and sinks relat ively nea r  t h e  lake  conta in  brackish wa te r .  T h e  implled 

hydrologic p ic ture  is t h a t  of recharge  in t h e  hills t h a t  surround t h e  lake ,  downward 

movemen t  of wa te r  t o  t h e  dome,  d i s so lu t~on ,  and then  discharge of sal lne w a t e r s  i n to  

t h e  l ake  and in to  some  of t h e  sinks near  t h e  lake.  

Duggey's Lake  conta ins  brackish w a t e r  derived apparent ly  f rom upward d ischarge  

f rom aquifers  overlying t h e  dome. Evidence t h a t  such  upward d ischarge  exis t s  is 

provlded by local  residents  and by Dumble  (1891), who s t a t e  t h a t  (before  lake  



impoundment in t h e  ea r ly  1900's) t h e  l ake  basin was  o f t en  swampy and conta ined  s a l t  

incrustat ions.  The  brining opera t ions  could be  a n  addit ional  cause  of t h e  high l ake  

sal ini ty,  s ince  s a l t  f rom brine previously discharged in to  t h e  soil may  s t i l l  be washing 

in to  t h e  lake  via s u r f a c e  runoff.  

Most sinkholes conta in  f resh  wa te r ,  an indicat ion t h a t  t hey  e i the r  a r e  i so la ted  

f rom or supply recharge  t o  deeper  aqui fers  ( tab le  3). I t  i s  plausible t h a t  many 

sinkholes a r e  i so la ted  (or perched)  ponds because  t h e y  a l l  conta in  a 0.6 t o  1.2 m (2 t o  4 

f t )  thickness of muck. Water  f rom s i t e s  1, 3, 6, and 8 conta ins  relat ively high 

sal ini t ies .  T h e  high sal ini ty at s i t e  1 is probably caused  by i t s  proximity t o  a s a l t  f l a t  

ad j acen t  t o  t h e  lake  spillway. T h e  s a l t  f l a t  apparent ly  is sustained by occasional  

brackish wa te r  discharge over t h e  spillway and possibly by seepage  of lake  wa te r  

underneath  t h e  spillway. 

High sal ini t ies  at s i t e s  3, 6, and 8 suggest  t h a t  t hese  sinks rece ive  upward 

discharge of sal ine water .  In sink 8 ,  a brine well,  i t s  cas ing  i n t a c t ,  i s  open t o  a depth  

of a t  l ea s t  30.5 m (100 ft).  Since t h e  t o p  of t h e  c a p  rock is approximate ly  37 t o  49 m 

(120 t o  160 f t )  deep  at s i t e  8, t h e  wel l  provides a conduit  f o r  d i r ec t  hydraulic  exchange  

be tween t h e  c a p  rock and t h e  sink. I t  is reasonable t o  assume t h a t  this  has  caused  t h e  

wa te r  in t h e  sinkhole t o  be  even  higher in dissolved solids t han  w a t e r  in t h e  l ake  

( t ab l e  3). Mixing along t h e  well bore i s  apparent ly  enhanced by seasonal  f luc tua t ions  

in t h e  wa te r  level  in t h e  sinkhole. During w e t  periods, t h e  well  casing in t h e  sink i s  

comple te ly  submerged,  t hus  pe rmi t t i ng  r echa rge  of f r e sh  water .  During dry periods, 

on t h e  o the r  hand, t h e  wa te r  level  in t h e  sink drops below t h e  t o p  of t h e  casing,  

cont inues  t o  drop  below t h e  w a t e r  level  in t h e  well, and thus  provides a potent ia l  for  

ver t ica l ,  upward d ischarge  of sal ine water .  

T h e  continued occur rence  of sudden land subsidence over Pa les t ine  D o m e  

appears  t o  be t h e  resul t  of cont inued s a l t  dissolution caused  by (1) e f f i c i en t  pa thways  

fo r  ground-water  flow c r e a t e d  by abandoned brine wells and solution cav i t i e s  and (2) a 

hydrologic scenar io  t h a t  provides f o r  re,charge and s a l t  dissolution and discharge over 

t h e  dome.  Moreover,  i t  is impossible t o  predic t  where  f u t u r e  land col lapses and 

acce l e ra t ed  r a t e s  of s a l t  dissolution will occur.  Hydrologic considerat ions ind ica t e  

t h a t  Pa les t ine  Dome  is a n  unsuitable cand ida te  fo r  a nuclear  was t e  repository. 

As  a resul t  of t hese  findings, t h e  O f f i c e  of Nuclear  Waste Isolation, has 

off icial ly recommended t h a t  Pa l e s t ine  D o m e  be e l iminated  f r o m  considerat ion a s  a 

potent ia l  reposi tory (Patchick ,  1980). 
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Figure 29. Sketch  m a p  of surface  f e a t u r e s  over Pales t ine  Sal t  Dome with locations of 
brine wells drilled between 1900 and 1917 ( f rom Hopkins, 1917). 



Figure 30. Photos of solution collapses a t  Palestine Salt  Dome: (A) collapses 5 and 6; 
(B) collapse 15. 





Figure 31. Locations of sinkholes overlying Palest ine Sal t  Dome in October  1979. 
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Tab le  2. List  of black-and-white ae r i a l  photos used in analysis of 
sinkholes on Pales t ine  S a l t  Dome. 

D a t e  Identif icat ion 
code  

1976 4-252 GS-VEBT 
4-253 GS-VEBT 

Sca le  Source  
agency 

Tobin Surveys, Inc. 

T e x a s  Highway Dept .  

Tobin Surveys, Inc. 

Texas  Highway Dept .  
T e x a s  Highway Dept .  

USGS 
USGS 

Holding 
agency 

Tobin Surveys, Inc. 

Tobin Surveys, Inc. 

TNRIS 
TNRIS 

USGS 
USGS 

+ 
Texas  Na tu ra l  Resource  Informat ion  Sys tem 



Table 3. Water chemistry,  Duggeyls Lake a r e a  (Palestine Salt Dome) (mg/l). 

Samples were collected between May 31, 1978, and June  2, 1978. 

ION 1 6 5 3 7 8 9 15 13 14 12 Duggeyls klorris 
Lake Well 

TDS 1231.2 547.8 236.3 936.6 206.7 2752.4 178.6 133.7 139.6 134.6 290.8 2530.5 254.8 
( to ta l  dissolved solids) 

PH 8.2  7 .9  7.4 8 .1  8 .2  8 .2  7.7 7.0 7.0 7.0 7.0 8 .65 6 .3  



REGIONAL AQUIFER HYDRAULICS, EAST TEXAS BASIN 

Graham E. Fogg 

Ground-water circulation in the Carrizo-Wilcox aquifer is con- 
trolled predominantly by topography and structure. Fluid 
movement is generally downward, because of the structural dip 
and the leakage from overlying formations. Discharge to  the 
Trinity and Sabine Rivers occurs via upward leakage across the 
Reklaw aquitard. 

T h e  regional  aqui fe r  hydraul ics  def ines  basinwide ground-water  c i rcu la t ion  

p a t t e r n s  and provi.des an  app rop r i a t e  pe r spec t ive  f o r  s i te -spec i f ic  work. Geologic  

uni ts  considered t o  b e  poten t ia l ly  impor t an t  t o  s a l t  d o m e  dissolution and t r anspo r t  of 

con taminan t s  a w a y  f rom t h e  domes  a r e  (upward)  t h e  Woodbine Group,  Naca toch  Sand,  

lVilcox Group,  C a r r i z o  Fo rma t ion ,  and Queen  C i t y  Fo rma t ion  (see "St ra t igraphic  

Framework") .  Fo rma t ions  below t h e  \Voodbine a r e  considered t o  be  t oo  deep  and  t o o  

low in permeabi l i ty  t o  t h r e a t e n  a repos i tory  shal lower t han  900 m (3,000 f t ) .  T h e  

Wilcox and  C a r r i z o  uni ts ,  bo th  major  f resh-water  aqui fe rs ,  a r e  t h e  sha l lowes t  aqu i f e r s  

in  c o n t a c t  wi th  t h e  domes  and a r e  consequently t h e  mos t  c r i t i ca l .  Work in regional  

hydraulics has focused  on t h e  Wilcox-Carrizo sys t em and  i t s  fluid i n t e r ac t ions  wi th  t h e  

overlying Queen  C i t y  Fo rma t ion ,  which is also an  impor t an t  aquifer .  

T h e  Woodbine and  Naca toch  uni ts  a r e  s e p a r a t e d  f r o m  t h e  Wilcox Group by f r o m  

1 f t  t o  s eve ra l  thousand f e e t  of aqu i t a rds  (and possibly aquicludes) ,  and thus  t h e y  a r e  

not  easi ly recharged  and discharged.  This,  t o g e t h e r  wi th  t h e  low permeabi l i ty  and  

t ransmiss iv i ty  of t h e s e  deepe r  uni ts  ( r e l a t i ve  t o  t h e  \Vilcox), imposes  ground-water  f l ow  

ra t e s  t h a t  a r e  much lower t han  those  fo r  t h e  Wilcox Group. T h e  n e t  resu l t  is t h a t  t h e  

Woodbine and Naca toch  aqui fers  have  l imi ted  capac i ty  t o  dissolve t h e  domes  or t o  

t r anspo r t  dissolved solids i n to  t h e  biosphere. T h e  Naca toch  Sand, in f a c t ,  probably 

poses no t h r e a t  s ince  i t  is thin and apparent ly  low in permeabi l i ty  over  most  of t h e  

basin. T h e  hydrogeology of t h e s e  uni t s  (geology, pressure ,  and sal ini ty d a t a )  is ,  

never the less ,  being s tudied  ( see  "Salinity of Fo rma t ion  Water").  

On a regional s ca l e ,  accord ing  t o  hydraul ic  head and geologic d a t a ,  t h e  Wilcox 

and  C a r r i z o  aqui fers  a r e  hydraulically connected .  Consequently,  t hey  have  been 

combined  as t h e  Wilcox-Carrizo sys t em fo r  mapping of po t en t iome t r i c  s u r f a c e s  (figs. 

32, 33, and  34). T h e  regional  s t r u c t u r a l  configurat ion of t h e  lVilcox-Carrizo aqui fer  is  

compl i ca t ed  by t h e  Sabine  Uplif t ,  which caused  loca l  counter-regional  dips (fig. 35). 

Variat ions in l a t e r a l  t ransmiss iv i ty  in t h e  Wilcox-Carrizo aqui fer  a r e  governed by 

dis tr ibut ions of f luvial-del taic  sands  and muds,  which w e r e  depos i ted  by a dendr i t i c  

s y s t e m  of north-south or ien ted ,  high-percent-sand channels  (fig. 36). 



Ground-water  circulat ion pa t t e rns  in t h e  Wilcox-Carrizo a r e  control led prin- 

cipally by topography and s t ruc tu re .  In ou tc rop  a reas ,  flow lines closely follow 

topographic  gradients  a s  w a t e r  moves  away  f r o m  watershed  divides, which a r e  major  

recharge  areas ,  and toward  s t r e a m  valleys, which a r e  major  discharge a r e a s  (figs. 32, 

33, and  35) .  Ground wa te r  leaves  t h e  ou tc rop  a r e a  by d ischarge  t o  s t r e a m s  and wells, 

evapotranspirat ion,  and downdip subsurface  movemen t ,  where  t h e  sys tem is confined 

by t h e  overlying Reklaw aquitard.  L a t e r a l ,  subsurface  discharge f rom t h e  confined 

pa r t  of t h e  basin (figs. 32 and 34) follows t h e  s t ruc tu ra l  dip (fig. 35) a s  ground w a t e r  

moves  toward  t h e  Texas-Louisiana border in t h e  nor thern  half of t h e  basin and toward  

t h e  Gulf of Mexico in t h e  southern  half of t h e  basin. T h e  ground-water  divide is 

l oca t ed  in southern  Smi th  County.  

Na tu ra l  r echa rge  and discharge occu r  in to  and ou t  of t h e  confined pa r t  of t h e  

1Wilcox-Carrizo aqui fer  by ve r t i ca l  leakage  across  t h e  Reklaw aqui ta rd  be tween t h e  

Wilcox-Carrizo and t h e  overlying Queen C i t y  aquifer .  Evidence t o  document  t h e  

leakage  be tween t h e  sys t ems  is as follows: 

(1) Ground-water flow l ines in t h e  confined Wilcox-Carrizo aqui fer  tend  t o  veer  

away  f rom watershed divides toward  s t r e a m  valleys and thus  imply r echa rge  along t h e  

divides and discharge along t h e  valleys. This  is especial ly ev ident  in Anderson County,  

where heads indica te  an  extens ive  r echa rge  mound underlying t h e  Trini ty-Neches 

watershed  divide (figs. 32, 33, and 34). 

(2) Ver t ica l  head gradients  indica te  downward l eakage  ( recharge)  over  al l  a r e a s  

of t h e  basin (fig. 37), excep t  along t h e  Tr in i ty  and  Sabine r iver  valleys, where  presence  

of flowing wells (fig. 34)  and Wilcox-Carrizo heads  above  s t r eambed  e levat ions  

(fig. 38) i nd ica t e  upward l eakage  (discharge). In f igure  34, t h e  head  d i f ferent ia l s  

be tween t h e  Queen C i t y  and Wilcox-Carrizo aqui fers  general ly i nc rease  in magni tude  

toward watershed  divides; th is  indica tes  t h a t  downward leakage  increases  accordingly 

and probably causes  Wilcox-Carrizo heads t o  be  higher underneath  t h e  divides. 

F igure  35 shows t h a t  t h e  Wilcox-Carrizo does not  discharge t o  t h e  Neches River ,  

which is t h e  reason t h a t  heads  and flow lines in f igures  32 and 34 appear  relat ively 

unaffec ted  by t h e  r iver .  

(3) In t h e  Reklaw Format ion ,  many s i l t  and c lay  beds, which make  the  unit low in 

permeabi l i ty ,  a r e  len t icu lar  but  may  become  sandy in many a reas ,  an  indicat ion t h a t  

t h e  Reklaw could leak  significantly. In t h e  nor thern  half of the 'bas in ,  n e t  c l ay  was not 

mapped because  of l imi ted  success  in distinguishing t h e  Reklaw f rom t h e  len t icu lar  

sands,  s i l ts ,  and c lays  of t h e  C a r r i z o  and Queen C i t y  aqui fers  (fig. 39). 



Vertical  movement  within the  Wilcox-Carrizo aquifer  has been s tudied  using 

pressure-versus-depth plots  cons t ruc ted  f rom well-construct ion and water- level  da t a .  

A plot of d a t a  for  t h e  e n t i r e  basin (fig. 40) shows t h a t  t h e  ve r t i ca l  f low component  

general ly is d i rec ted  downward. This is t h e  resul t  of leakage  f rom above  and/or  flow 

paral lel  t o  (downward) t h e  s t ruc tu ra l  dip. Similar  plots  of d a t a  t aken  exclusively nea r  

s t r eambeds  should show upward movemen t  in a r e a s  where  heads  a r e  above s t r eambeds  

(fig. 40). 

Wilcox sand-filled channels  do not appea r  t o  a f f e c t  regional  f low signif icantly,  

excep t  perhaps in t h e  nor thern  half of t h e  basin where  flow lines converge  on t w o  

re la t ive ly  isolated channels  t rending through Gregg County  (figs. 32, 34, and 35). This  

convergence  also may  be caused  by historical ly high levels  of pumpage in t h e  Gregg  

Coun ty  a rea .  O t h e r  a r e a s  in f igure  32 where  pumpage has caused  not iceable  

drawdowns a r e  t h e  C i t y  of Henderson (in Rusk County)  and Nacogdoches and Angelina 

Counties .  

Hydraulic  head values fo r  t h e  Queen C i t y  aqui fer  follow closely t h e  rolling 

topography above  th is  unit ,  and t h e  values a r e ,  t he re fo re ,  i r regular .  As  a resul t ,  i t  was  

not  prac t ica l  t o  produce a contour  m a p  of po ten t iome t r i c  su r f ace  f rom t h e  d a t a  

available; t he re fo re ,  t h e  heads a r e  displayed a s  mean values in f igure  41. The  f igu re  

demons t r a t e s  a nearly random s c a t t e r i n g  of local ized r echa rge  and discharge a r e a s  

over  t h e  aquifer .  



Figure  32. Po ten t iome t r i c  s u r f a c e  m a p  of t h e  Wilcox-Carrizo aqui fer  sys tem.  T h e  
water- level  d a t a  a r e  f r o m  1936-1976; however,  mos t  of t h e  d a t a  a r e  se lec ted  f rom 
measu remen t s  m a d e  during 1962-1 97 1 on t h e  basis of  historical  water - leve l  changes.  



Figu re  33. De ta i l  of Wilcox-Carrizo ground-water  f low in Anderson County .  



Figure  34. Ground-water  f low l ines in t h e  Wilcox-Carrizo aqui fer  sys tem drawn f rom 
f igure  32. In both t h e  ou tc rop  and t h e  confined par t s ,  ground w a t e r  t ends  t o  f low away  
f rom watershed  divides and toward  rivers. 

6 0 



Figure 35. Structure  contour map on top  of LVilcox Group (from Kaiser, personal 
communication, 1979). 



Figure 36. P e r c e n t  sand map  of 1Vilcox Group (from Kaiser  and others, 1978). 
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Figure  37. Head d i f ferent ia l s  be tween  Queen C i t y  and Wilcox-Carrizo aqui fer  
systems.  Widespread posi t ive values indica te  downward l eakage  f r o m  t h e  Queen C i t y  
t o  t h e  Wilcox-Carrizo eve rywhere  excep t  along s t r e a m  valleys, where  d a t a  a r e  
insuff ic ien t .  In many a r e a s ,  d i f fe rent ia l s  i nc rease  toward  watershed  divides owing t o  
topographic  e f f ec t s .  
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Figure  38. Profiles showing elevations of Wilcox-Carrizo water  levels above major 
streambeds. Heads above t h e  streambeds indicate t h e  presence of vert ical  upward 
leakage through t h e  Reklaw aquitard. Heads along t h e  Neches River document t h a t  i t  
receives no discharge from t h e  W ilcox-Carrizo system. 
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Figure  39. Ne t  c lay  thickness of Reklaw aqui ta rd .  Leakage  across  t h e  unit m a y  be  
enhanced where  i t  thins o r  becomes  discontinuous. T h e  c lays  t end  t o  be discontinuous 
in  t h e  a r e a  of t h e  m a p  and become  even m o r e  so  in t h e  nor thern  half of t h e  basin. 
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F igure  40. Basinward pressure-versus-depth relat ionship fo r  t h e  Wilcox-Carrizo 
aquifers .  The  less- than-hydrostat ic  s lope  (.83) indica tes  a component  of downward 
flow ove r  mos t  of t h e  region. This  relat ionship should be reversed  benea th  t h e  Sabine  
and Tr in i ty  Rivers ,  a n  indicat ion of upward movement .  
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SALINITY O F  FORMATION WATERS 

Graham E. Fogg 

Estimates of the salinities of  formation water in the Woodbine, 
Nacatoch, and Wilcox stratigraphic units have been accom- 
plished using electric log interpretation (SP and resistivity). 
These estimates provide general information on salt dome 
dissolution in the East Texas Basin. 

E s t i m a t e s  of sal ini t ies  of format ion  wa te r  in t h e  Woodbine, Nacatoch ,  and 

Wilcox units were  made  f r o m  e l e c t r i c  logs (SP and resis t ivi ty) .  These  e s t i m a t e s  

provide gener21 informat ion  on t h e  occu r rence  of s a l t  dome  dissolution in t h e  Eas t  

Texas  Basin. 

Maximum sal ini ty in sands of t h e  Woodbine Format ion  was  mapped f rom SP  

values using methods  outlined by Keys and MacCary  (1971) (fig. 42). The  m a p  

demons t r a t e s  a variable distr ibut ion of maximum sal ini ty values ranging f rom 30,000 

t o  300,000 ppm. A vague t r end  of increasing sal ini t ies  t oward  t h e  c e n t r a l  axis  of t h e  

basin corresponds t o  a sal ini ty m a p  in f igure  42 of t h e  Woodbine cons t ruc t ed  by Core  

Labora tor ies  (1972). Because of t h e  s c a t t e r  and t h e  spars i ty  of labora tory  w a t e r  

analyses,  no means  exis t s  of de t ec t ing  sa l t  dome  dissolution by t h e  Woodbine aqui fer  

system. A similar  analysis of t h e  Naca toch  Format ion  showed t h e  unit t o  be e i t h e r  

missing, very thin,  or t ight ly  cemen ted  everywhere  excep t  in t h e  northern pa r t  of t h e  

basin. The  thin Naca toch  aqui fer  poses a re la t ive ly  minor t h r e a t  t o  t h e  s tabi l i ty of t h e  

domes  under study. 

Sal ini ty e s t i m a t e s  for  t h e  Wilcox Group were  made  using an  empir ica l  relation- 

ship be tween e l e c t r i c  log resis t ivi ty and t o t a l  dissolved solids (TDS). A g raph  (fig. 43) 

displays format ion  resis t ivi t ies  (Ro) in sands  tapped by wa te r  wells versus correspond- 

ing TDS values de termined in t h e  lab f rom t h e  wel l  discharge wa te r s .  Although t h e  

g raph  is thought  t o  be fa i r ly  a c c u r a t e  (+500 - mg/l), i t  should b e  considered prel iminary 

until  fu r the r  ca l ibra ted  and verif ied by geophysical  logs and wa te r  samples  obtained 

f rom t h e  cu r ren t  drilling program. 

A m a p  of pe rcen t  thickness of f r e s h  wa te r  (less t han  1,000 mg/l)  in t h e  Wilcox 

aqui fer  (fig. 44) indica tes  t h r e e  sources  of salinity: (1) upward l eakage  of deep ,  sal ine 

wa te r  along faul t s ,  (2) incomple te  flushing of sal ine w a t e r  in muddy a r e a s  of t he  

Wilcox Group, and (3) s a l t  dome dissolution. Upward leakage  a long f au l t s  m a y  b e  

occurr ing  in t h e  Mount Enterprise-Elkhart  Graben in southern  Anderson and Cherokee  

and nor thern  Houston Counties ,  where  sal ini t ies  increase  abruptly.  High sal ini t ies  f rom 

s a l t  dome  dissolution could b e  confused wi th  high sa l in i t ies  resul t ing f rom upward flow 



along numerous f au l t s  assoc ia ted  with t h e  domes. T h e  lack of high sal ini t ies  around 

domes depic ted  in f igure  44, however,  suggests  t h a t  t h e  domes  a r e  ne i ther  dissolving 

signif icantly nor c r ea t ing  pa thways  for  upward leakage.  

Incomple te  flushing of sal ine wa te r  in muddy a r e a s  of t h e  Wilcox Group i s  

suggested by a good corre la t ion  be tween sal ine zones  (fig. 44) and muddy zones on t h e  

sand-percent  m a p  (fig. 36; see "Regional Aquifer  Hydraulics ,  Eas t  Texas  Basin") such  

as in Upshur County ,  southeas t  of Mount Sylvan Dome  and east of \Xihitehouse and 

Bullard Domes.  T h e  sal ine in terva ls  near  t h e  t h r e e  domes  a r e  not  caused  solely by 

dome  dissolution, because  sal ini t ies  dec rease  and f resh-water  thicknesses i nc rease  

toward  t h e  domes. The  original sources  of sal ine wa te r  in t h e  muddy sed imen t s  m a y  

b e  f rom s a l t  d o m e  dissolution during t h e  geologic past  (such dissolution could b e  slower 

today owing t o  cap  rock development)  o r  f rom mar ine  wa te r s  t h a t  submerged t h e  

Wilcox a t  leas t  tw ice  s ince  i t  was deposi ted 40 million years  ago. T h e  continued 

presence  of sal ine wa te r  in and  around t h e  muddy f ac i e s  is possibly enhanced by 

ground-water  veloci t ies  t h a t  a r e  probably as low as 15  t o  9,150 cm/mil l ion years  (0.5 

t o  200 f t lmi l l ion  years) .  These  r a t e s  were  ca l cu la t ed  using maximum and minimum 

hydraulic  gradients  of 6.3 x and 1.0 x measured  in sands  surrounding t h e  

muds (fig. 32; s e e  "Regional Aquifer  Hydraulics, Eas t  Texas  Basins"), and e s t i m a t e d  

c lay  hydraulic  conductivi t ies  of 3 x and 3 x c m l d a y  and f t lday) .  

The re  is l i t t l e  ev idence  of pas t  o r  present  s a l t  dome  dissolution in f igure  46. 

Only around Oakwood Dome,  a d is t inc t  p lume appears  d i rec t ly  re la ted  t o  dissolution. 

However ,  this plume .contains mostly brackish wa te r  (<3,000 ppm) and does  not  s e e m  

t o  indica te  a signif icant  r a t e  of s a l t  removal  ( s ee  "Hydrologic S tabi l i ty  of Oakwood 

Dome"). Without except ion ,  t h e  maximum concent ra t ions  of dissolved solids in t h e  

\Vilcox were  found in muddy sands at t h e  bo t tom of t h e  aqui fer .  In nearly eve ry  c a s e  

t h e s e  concent ra t ions  a r e  around 5,000 ppm (+1,000 - ppm), and in a f e w  iso la ted  a r e a s  

appear  t o  reach  10,000 ppm. Addit ional  de ta i l s  of sal ini ty distr ibut ions around t h e  s a l t  

domes  a r e  shown in cross sec t ion  in "Evolution of Eas t  Texas  Sa l t  Domes" (figs. 12, 13,  

14, 16, 17, and 18). T h e  sec t ions  ind ica t e  a genera l  lack of anomalous sal ini t ies  a round 

t h e  domes,  in ag reemen t  with f igure  44. 

Although sal ini t ies  in t h e  C a r r i z o  and Queen C i t y  aqui fers  were  not  mapped,  

none of t h e  e l e c t r i c  logs observed throughout  t h e  basin indica ted  brackish o r  sa l ine  

wa te r  in t hese  units,  e x c e p t  nea r  t h e  Mount Enterprise-Elkhart  Graben Fau l t  Zone. 

This ag rees  with t h e  regional aqui fer  hydraulics, which indica tes  predominantly 

ve r t i ca l  downward movement  in t h e  Eocene  aqui fer  units. 
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Figure  43. Relat ionship be tween fo rma t ion  resis t ivi ty (Ro) and TDS concent ra t ion  of 
fo rma t ion  water .  T h e  s t r a igh t  line was eye- f i t  r a the r  t han  ca lcula ted  by l inear  
regression, s ince  seve ra l  values of R o  w e r e  of uncer ta in  accu racy  and had t o  b e  
weighed subject ively.  



Figure 44. Percent  of Wilcox thickness containing f resh  water (< 1.000 rng/l) as 
es t imated from t h e  resistivity curve  of e l ec t r i c  logs. 



GEOCHEMISTRY OF GROUND \-WATER IN THE WILCOX 
AQUIFER 

Char l e s  W. Kre i t le r  and Graham E. Fogg 

Ground-water chemis t ry  t r ends  in  t h e  Wilcox aqui fer  c la r i fy  t h e  
potent ia l  fo r  t h e  t ranspor t  of radionuclides, t h e  gene ra l  f 1 ow 
paths ,  and t h e  signif icance of carbon-14 age d a t e s  of t h e  ground 
waters .  

T h e  Wilcox aqui fer  is t h e  most  continuous geologic unit containing f r e sh  ground 

wa te r  in t h e  Eas t  Texas  Basin. If a breach  occurred  i n  a s a l t  dome  reposi tory a n d  
% 

radionuclides leaked t o  an  aqui fer ,  i t  would be  in t h e  Wilcox sys tem.  T h e  geochemis-  

t ry  of t h e  ground wa te r  in t h e  Wilcox aqui fer  indica tes  t h e  abi l i ty of t h e  aquifer  t o  

r e t a rd  radionuclide migration. Anomalous geochemical  zones  in t h e  aqui fer ,  which 

may represent  recharge  and discharge or  r e l a t ive  flow ra t e s ,  suppor t  in terpre ta t ions  of 

regional  flow of ground water .  Absolute a g e  da t ing  of \-Wilcox ground w a t e r s  is 

complemented  by regional  geochemical  da ta .  

T h e  resul ts  of over  800 comple t e  wa te r  chemis t ry  ana lyses  were  obta ined  f r o m  

t h e  Texas  Natura l  Resource  Informat ion  Sys tem (TNRIS). These  d a t a  were  eva lua t ed  

by means  of a computer  program, WATEQ, which analyzes  t h e  cat ion-anion balances.  

Next ,  t h e  interrelat ionships be tween d i f f e ren t  chemica l  and aqui fer  p a r a m e t e r s  w e r e  

eva lua t ed  by a s t a t i s t i ca l  program (SPSS). T h e  following corre la t ions  were  observed: 

(1) Shallow ground wa te r s  in t h e  r echa rge  zone  exhibi t  lower pH, h igher .ca lc ium,  

higher magnesium, higher s i l ica,  higher su l fa te ,  and lower b icarbonate  con ten t  r e l a t ive  

t o  deeper a r t e s i an  waters .  

(2) Deepe r  a r t e s i an  ground wa te r s  have  high pH, low ca lc ium,  low magnesium, low 

si l ica,  low su l f a t e ,  and high b icarbonate  values. 

(3) A sodium bicarbonate-r ich w a t e r  is gene ra t ed  as ground w a t e r  moves  f a r t h e r  

f rom t h e  recharge  zone  (fig. 45). Sodium replaces  calcium and magnesium by ca t ion  

exchange  on clays. This  continual  d isp lacement  of ca lc ium permi ts  undersa tura t ion  of  

ca l c i t e  and,  t he re fo re ,  subsequent  dissolution of  m o r e  ca l c i t e .  C a l c i t e  dissolution 

o p e r a t e s  predominantly in a closed sys tem;  no e x t e r n a l  sou rce  of ac id i ty  causes  t h e  

dissolution. This is indica ted  by t h e  cont inual  r ise in pH away  f rom t h e  r echa rge  a rea .  

(4)  T h e  pH of ground wa te r  changes  f rom 5 t o  7 in t h e  r echa rge  zone  t o  8 t o  9 in 

downdip sec t ions  (fig. 46). 

(5) Si l ica concent ra t ion  dec reases  with depth.  T h e  source  of t h e  s i l ica in t h e  

shallow ground wa te r s  and t h e  mechanism f o r  s i l ica  loss a r e  not  known (fig. 47). 



(6) Su l f a t e  concent ra t ion  dec reases  with dep th  (fig. 48). Loss of su l f a t e  is prob- 

ably by reduction. Su l f a t e  reduction indica tes  low Eh values in t h e  ground water .  

Ground-water  chemis t ry  indica tes  a -trend f rom an oxidizing, low-pH ground 

wa te r  in t h e  recharge  zone  t o  a reducing, high-pH ground w a t e r  in t h e  a r t e s i an  

sect ion.  Migration of radionuclides is dependent  on pH and Eh  condit ions (Bondietti ,  

1978; Relyea  and o the r s ,  1978). 

T h e  outcropping lVilcox aquifer  general ly conta ins  neu t r a l  t o  acid w a t e r  (fig. 46). 

These  low-pH wa te r s  also a r e  found at t h e  ground-water  divide in t h e  Tyler  a r e a  and in  

t h e  Keechi  Dome  a rea .  Regional  ground-water  flow s tudies  have  postulated t h a t  t hese  

s i tes  a r e  recbarge  areas ,  a n  in t e rp re t a t ion  subs tant ia ted  in pa r t  by t h e  wa te r  

chemistry.  
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Figure 45. Correlat ion of sodium and bicarbonate in Wilcox ground-water concentra- 
tion increases downdip from recharge zone. 
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Figure  46. Increase  in pH values wi th  depth ,  resul t ing f r o m  c a l c i t e  dissolution and 
ca t ion  exchange  in a predominantly closed system. 
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Figure  47. Dec rease  in silica concen t r a t ions  wi th  depth.  
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Figure 48. Sulfa te  reduction w i th  depth. Loss of sul fa te  implies g rea te r  reducing 
conditions a t  greater  depths. 



CARBON-14 DATING O F  WILCOX AQUIFER GROUND 
lVATER 

Char l e s  W. Kre i t le r  and David Pass  

Ground-water a g e  da t ing  in t h e  'CVilcox aquifers  by carbon-14 
indica tes  progressively older  w a t e r s  down t h e  s t ruc tu ra l  and  
po ten t iome t r i c  dip. Uncorrec ted  a g e s  v a r y  f rom approximate ly  
10,000 t o  30,000 y e a r s  old. 

Speci f ic  quest ions involving ground-water flow in t h e  Wilcox aquifer  a r e  as 

follows: (1) Are  flow veloci t ies  in t h e  shal low pa r t  of t h e  aquifer  s ignif icantly higher 

t han  in t h e  deepe; aqui fer?  (2) Is  t h e r e  s ignif icant  l eakage  f rom t h e  overlying Queen 

C i t y  Format ion  in to  t h e  Wilcox aquifer? (3) Because s t r a t a  a r e  uplif ted around many 

s a l t  domes,  a r e  dome  a r e a s  r echa rge  zones within t h e  a r t e s i an  pa r t  of t h e  aqui fer?  

(4) Does sal ine wa te r  leak  upward f rom deeper  format ions  along t h e  f lank of t h e  

domes? These  quest ions can  b e  resolved par t ly  by using carbon-14 absolu te  a g e  da t ing  

of t h e  b icarbonate  ion in ground waters .  

Maximum measurable  a g e  of a carbon sample  by conventional  carbon-14 tech-  

niques is approximate ly  50,000 years .  Bicarbonate ion in ground-water  samples  resu l t s  

f rom (1) t h e  genera t ion  of carbon dioxide in t h e  soil zone  of t h e  r echa rge  a r e a ,  and  

(2) t h e  dissolution of ca rbona te  minera ls  o r  t h e  decomposit ion of organics in t h e  

aquifer .  Carbon-14 is added t o  t h e  ground-water  b icarbonate  ions only by carbon 

dioxide f rom t h e  soil zone. O t h e r  potent ia l  sources  a r e  probably signif icantly o lder  

t han  severa l  half lives of carbon-14 and, t he re fo re ,  represent  "dead" carbon. In 

ca lcula t ing  t h e  a g e  of b icarbonate  in ground w a t e r  by carbon-14, a correc t ion  f a c t o r  

must  b e  included t o  account  fo r  dead carbon.  Carbon-14 d a t e s  presented  in t h e  

following sec t ion  a r e  uncorrec ted  values. H cor rec t ion  f a c t o r  has ye t  t o  b e  

de termined;  c o r r e c t e d  values will be  presented  a t  a l a t e r  t ime .  

Nine water  samples  f rom t h e  wes tern  ou tc rop  of t h e  Wilcox Group t o  t h e  E lkha r t  

Graben have been analyzed (fig. 49). Wells along t h e  Wilcox ou tc rop  a r e  re la t ive ly  

shallow, whereas  wells in t h e  a r t e s i an  sec t ion  a r e  t h e  deepes t  wells  penet ra t ing  t h e  

Wilcox. Samples  were  col lec ted  f rom approximate ly  t h e  s a m e  s t r a t ig raph ic  horizon 

f r o m  ou tc rop  to  t h e  deepes t  p a r t  of t h e  Wilcox aqui fer .  Tab le  4 l is ts  informat ion  

abou t  t h e  wells sampled for  t hese  analyses. 

F r o m  t h e  recharge  zone into t h e  deepes t  pa r t  of t h e  basin, t h e  wa te r s  b e c o m e  

progressively older  f rom approximate ly  10,000 years  in ou tc rop  ( locat ions 1 and  2 )  t o  

approximate ly  28,000 years  south  of t h e  Elkhar t  Graben ( locat ion 9). T h e  wa te r  

sample  f rom t h e  Keechi  Dome  a r e a  ( loca t ion  5 ) ,  where  t h e  lVilcox Group crops  o u t  



because of doming and where evidence exists  of substantial  leakage through t h e  

Reklaw aquitard,  is significantly younger than shallow ground waters  near t h e  regional 

Wilcox outcrop belt.  

Shallow ground waters  sampled in the  outcrop of the  Wilcox aquifer a r e  older 

(approximately 10,000 years) than expected.  Sample locations probably represent  

discharge zones ra ther  than recharge zones of the  outcrop (locations 1 and 2). These  

"old" ages a r e  additional evidence for topographic control  of ground-water flow in t h e  

lb'ilcox system. 



Figure 49. Location of ground-water samples f rom Wilcox aquifer  used fo r  
carbon-14 age  dating. Numbers 1 through 9 indicate locations. Table 4 provides 
additional information on samples. 
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Tab le  4. Carbon-14 d a t a  on profi le  f r o m  Wilcox ou tc rop  through Keechi  D o m e  t o  southern  e d g e  of E a s t  T e x a s  Basin 
(sample  loca t ions  on f igure  49). 

14 C a g e  
(uncor rec t ed )  

N um ber  
on  m a p  S t a t e  well no. 

Sc reened  in terva l  
(below land su r f ace )  C o m m e n t s  Aquifer  

Wilcox Shallow outcrop ,  
but  m a y  be  in  
discharge zone  

Wilcox Shallow outcrop ,  
but  m a y  be in  
discharge zone  

Wilcox 

Wilcox 

Nea r  a gas  f ie ld  

Upgradient  f r o m  
Keechi  D o m e  

Wilcox Flank of Keechi  
D o m e  

Wilcox 

Wilcox 

Wilcox 

Downgradient  f r o m  
Keechi  D o m e  

South  of Pa les t ine ,  
Texas  

J u s t  nor th  of 
Elkhar t  Graben 

Wilcox J u s t  south  of 
Elkhar t  Graben 



PETROGRAPHY AND DIAGENESIS OF lVILCOX SANDSTONES 

Shirley Dut ton  

Drill cuttings of Wilcox sandstones from 40 wells show a wide 
variation in mineral composition. Diagenetic features include 
calcite cement and rare clay rims and leached feldspars. 

Drill  cu t t ings  of Wilcox sands tones  f r o m  depths  of 15 t o  849 m (50 to  2,875 f t )  

were  sampled f rom 40 wells in t h e  Eas t  Texas  Basin ( t ab l e  5, fig. 50). Poros i ty ,  

t e x t u r e ,  and grain relationships a r e  diff icul t  t o  observe  in cu t t ings ,  but mineralogic 

composit ion can  be,determined.  C e m e n t s  c a n  o f t en  be recognized in la rger  f r agmen t s .  

Wilcox sandstones exhibi t  a wide variat ion in composit ion,  ranging be tween  

qua r t za ren i t e ,  l i thareni te ,  and arkose  (fig. 51). Most s amples  conta in  abou t  75 pe rcen t  

q u a r t z  and more  rock f r agmen t s  t han  feldspar .  Or thoc la se  feldspars  a r e  m o r e  

abundant  t han  plagioclase. Some  samples  conta in  abundant  sha le  c las t s ,  which m a p  be  

Wilcox sha le  t h a t  was mixed wi th  t h e  sand during drilling. C a r b o n a t e  rock f r a g m e n t s  

and glauconite  a r e  locally abundant .  Metamorphic  and igneous rock f r agmen t s  

cons t i t u t e  abou t  3 pe rcen t  of t h e  f r amework  grains. 

Minor diagenesis has  occurred  in these  shallow sandstones.  Micr i t ic  and spa r ry  

ca l c i t e  c e m e n t s  a r e  present  in s eve ra l  cu t t i ng  samples.  O n e  indurated sample  was  

avai lable f rom t h e  Navarro  no. 1 Greenwood well in Anderson County.  Sand grains a r e  

cemen ted  by clay r ims,  and g lauconi te  composes up t o  28 pe rcen t  of t h e  f r amework  

composition. Leached feldspars  a r e  present  in this  s ample  and in severa l  s amples  f rom 

cutt ings.  

Similar d iagenet ic  changes  have  been observed in shallow Fr io  (Oligocene) 

sandstones of t h e  Gulf C o a s t  (Bebout ,  Loucks, and Gregory,  1978). Leached feldspars ,  

c lay  rims, and spar ry  ca l c i t e  c e m e n t  all  fo rmed  near  t h e  s u r f a c e  and in the  shal low 

subsurface.  



EXPLANATION 
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Figure  50.  Location of wells in t h e  Eas t  T e x a s  Basin sampled  fo r  cu t t ings  of Wilcox 
sandstones. Locat ion  numbers  r e f e r  t o  t a b l e  5 .  



Figure 51. Classification of sandstones from the Wilcox Group using Folk's (1974) 
classification system. 



Tab le  5 .  Wells sampled  fo r  cu t t i ngs  of lvilcox sandstones.  

BEG 
County  number Opera to r  Well n a m e  

Anderson 1 Humble  111 Lucy Ruff  
2 Layne-Texas 113 C i t y  of Pa l e s t ine  Water  Well 
3 N ava r ro  11 1 Greenwood 
4 Texas  Co. 111 Durden 
5 Tidewater-Seaboard 111 Rampy  

C a m p  1 T idewa te r  111 Rober t s  
2 Stephens  & P e v e t o  111 Smi th  

Cherokee  % 

Frees tone  1 
2 

Henderson 1 
2 
3 
4 

Amer ican  Liber ty  11 1 Cobb-Holman 
Grelling /I1 Bat ton  
Humble  111B Stephens  
Humble  111 C a r t e r  
Humble  1/1 New Birmingham 

Byars & P e v e t o  111 Riley 
Humble  111 Bonner 

L a R u e  111 Robbins 
Stanolind 1/1 Dupree  
Lone  S t a r  Prod. 111 Allyn Est.  "B" 
Edson P e t r .  111 Miller 

Hopkins 1 Donnie P e t r .  Co. 111 lvelborn 

Houston 1 J a c k  F ros t  /I1 Adams 
2 Amer ican  Liber ty  1/1 J .  A. Bean 
3 Shell 111 G. E. Dorsey 

Hunt 1 
2 

S tanolind 
Humble  

111 Bickley 
111 Norman 

Leon 1 Lone  S t a r  Prod.  111-C S hell-Page 

Morris 1 B. Fields 111 P r u i t t  
2 Selby 111 Browne 
3 C .  B. Zuber et al. 111 G. A. Conner 

Nacogdoches 1 Fain  et al.  111 Y a t e s  
Douglas Explorat ion 111 H a y t e r  

Navarro  1 Ba teman  et al .  111 S. P. Love  

Rains 1 Humble  111 Rilainard 

Smi th  1 
2 

T i tu s  1 
2 
3 

Humble  
S kelly 

W. M. C o a t e s  
Humble  
Humble  

/1 1 Shamburger 
111 Chisum 

/11 Ben Lackey  
/I1 S tevens  
111 Sea rcy  



BEG 
Coun ty  number 

Upshur 1 

Van Zandt  1 

Tab le  5 (continued). 

Opera to r  

C a r p e n t e r  

Ellison 

Well n a m e  

/I1 White 

/I1 Fur rh  



SURFACE GEOLOGY AND SHALLOW BOREHOLE INVESTI- 
GATIONS OF OAKWOOD DOME--PRELIMINARY STUDIES 

Edward W. Coll ins  and  David K. Hobday 

On Oakwood Dome, Claiborne (Eocene) strata constitute a 
complex facies association that may indicate that structural 
uplift was contemporaneous with sedimentation over the dome. 
Quaternary deposits apparently were not displaced by dome 
movement, but data are limited. Geomorphic anomalies may 
reflect recent differential movement. 

Claiborne, s t r a t a  a r e  exposed in typ ica l  doma l  conf igura t ion  over  Oakwood D o m e  

(fig. 52). S t r u c t u r a l  dips of Cla iborne  uni ts  a r e  up t o  20 degrees .  Superimposed 

Qua te rna ry  t e r r a c e  deposi ts  appea r  una f f ec t ed  by domal  s t r u c t u r e .  A r ep re sen ta t i ve  

north-south c ross  s ec t ion  of t h e  Cla iborne  Group (fig. 53) displays a b o u t  8 0  m (262 f t )  

of domal  upl if t  on t h e  t o p  of t h e  C a r r i z o  Format ion .  C o r e  descript ions f r o m  borehole 

OK-115 (fig. 55) were  summar i zed  on t h e  i l lus t ra t ion  f o r  l i thologic cha rac t e r i za t i on ,  

and pa leoenvi ronmenta l  i n t e rp re t a t i ons  were  based on s tud i e s  of c o r e s  and loca l  

ou tcrops ,  on cor re la t ion  wi th  exposures  s tudied  in ad j acen t  a r e a s  of Leon,  F rees tone ,  

and  Anderson Count ies ,  and on regional  subsur face  mapping by Guevara  and G a r c i a  

(1 972). 

T h e  C a r r i z o  Fo rma t ion  crops  o u t  i n  s t r e a m  channels  over  t h e  c e n t r a l  Oakwood 

Dome  a r e a .  Sands  in t h e  lower p a r t  of t h e  fo rma t ion  a r e  i n t e r p r e t e d  t o  be upper  

al luvial  plain deposi ts ,  whereas  t h e  f iner  grained upper p a r t  r e f l ec t s  a lower al luvial  

plain envi ronment  wi th  ex tens ive  floodbasins. Thinning of approximate ly  1 0  m (30 f t )  

f r o m  borehole OK-115 t o  borehole OK-102 m a y  ind i ca t e  domal  upl if t  concu r ren t  wi th  

deposition. 

T h e  Newby Member  of t h e  overlying Reklaw Forma t ion  conta ins  abundant  

g lauconi te  and a n  open  shelf  f auna ,  bu t  a t r a c e  fossi ls  assemblage  is c h a r a c t e r i s t i c  of 

shal low water .  Pre l iminary  ind ica t ions  a r e  t h a t  t h e  sha l lowes t  w a t e r  may  have  been 

s i t ua t ed  d i rec t ly  ove r  t h e  dome.  T h e  Marquez  Member  of t h e  Reltlaw Forma t ion  

r ep re sen t s  r e s t r i c t ed  marginal  mar ine  conditions. Crevas se  splays and  sma l l  bayhead 

de l t a s  were  s i t e s  of coa r se r  gra ined  c l a s t i c  sed imenta t ion .  

T h e  Queen C i t y  Fo rma t ion  compr i se s  coarsening-upward,  shoa l -water ,  

Guadalupe-type d e l t a  sequences  and polymodally crossbedded margina l  mar ine  sand  

shoals.  The  basal  sand  unit th ins  toward  t h e  d o m e  and is  a possible indicat ion of t h e  

e f f e c t s  of posi t ive topographic  expression o n  sedimenta t ion .  



Quate rna ry  t e r r a c e  deposi ts  c rop  o u t  over  t h e  southern  half of Oakwood Dome. 

They vary frorn si l ty c lay  t o  poorly so r t ed  sand and gravel .  A se r i e s  of shal low 

boreholes permi ts  del ineat ion of thickness and l a t e r a l  e x t e n t  of t hese  deposits.  

Although t h e  erosional  base of t h e  Qua te rna ry  displays minor variat ions in e leva t ion ,  

t h e  resulting cross sec t ions  (figs. 54, 55, and 56) indica te  t h a t  t h e r e  is no discernible 

warping o r  fau l t ing  of t h e  Qua te rna ry  deposits.  

T h r e e  normal., f au l t s  a r e  visible in outcrop ,  but  t hese  c u t  only Cla iborne  s t r a t a ,  

which a r e  downthrown away  f rom t h e  dome. Addit ional  f r a c t u r e  zones a r e  common ,  

and a prominent  pa t t e rn  of radial  l ineaments  is probably f a u l t  control led.  None of  t h e  

f au l t s  can  be  shown t o  displace Qua te rna ry  s t r a t a ,  but  because  of poor exposures a n d  

erosional  modif icat ion of t h e  t e r r a c e  su r f ace ,  d isp lacement  cannot  be en t i r e ly  

discounted. 

C e r t a i n  pa r t s  of t h e  dome  have been subjec ted  t o  modern  incision; e l sewhere  on 

t h e  dome a r e  small ,  a symmet r i ca l  Holocene  t e r r aces .  These  pa t t e rns  of t renching  and  

aggradat ion  could be  a response t o  minor dome  movement .  Borehole OK-105 in a 

floodplain a r e a  encountered  10.7 m (35 f t )  of modern  alluvium. T h r e e  hundred m e t e r s  

(1,000 f t )  ups t ream f rom this  loca l i ty ,  Eocene  bedrock is exposed. Approximately 

1 km (3,400 f t )  south  of borehole OK-105, ground leve l  resis t ivi ty showed t h a t  t h e  

modern alluvium is 3 m (10 f t )  thick.  These  d a t a  suggest  th icker  sediment  accumula-  

t ion over  t h e  dome,  which m a y  be  explained by c l ima t i c  variat ions influencing 

dra inage  o r  change  of base leve l  r e l a t ed  t o  solution and collapse of t h e  dome.  



EXPLANATION 
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Figure 52. Surface geology of Oakwood Dome showing borehole locations. 



Figure 53. North-south cross section through Claiborne Group over Oakwood Dome. 
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Figure 54. Cross section A-A' through Quaternary deposits. 
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Figure 55. Cross section B-B' through Quaternary deposits. 
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ANALYSIS O F  SELECTED STREAM DRAINAGE SYSTEMS I N  
THE EAST TEXAS BASIN 

Owen Dix 

The study of link length distributions from drainage basins in 
the East Texas Salt Dome Basin indicates that four of six salt 
domes studied are overlain by mature drainage. Two of the 
domes (Oaktvood and Grand Saline) display anomalous link 
length distributions, an indication that surface movement above 
these domes has been more recent. 

This s tudy  was designed t o  d e t e r m i n e  whether  s t r e a m  dra inage  p a t t e r n s  above  

s e l e c t e d  s a l t  domes  have  been a f f e c t e d  by r e c e n t  movemen t  involving e i t he r  upl if t ,  

g raben  fo rma t ion ,  or  solut ion col lapse.  Eas t  Texas  is geological ly and s t ruc tu ra l l y  

su i tab le  fo r  s t r e a m  dra inage  analysis s ince  t h e  s ed imen t s  a r e  flat-lying, t h e  relief i s  

subdued, and t h e  T e r t i a r y  fo rma t ions  a r e  s imilar ly res i s tan t  t o  erosion. A number  of 

cha rac t e r i s t i c  dra inage  p a t t e r n s  a r e  d i rec t ly  r e l a t ed  t o  rel ief ,  which is in  t u r n  

de t e rmined  by s t r u c t u r e ,  l i thology, and ve r t i ca l  movements .  T h e s e  cha rac t e r i s t i c s  

include dra inage  densi ty and various link length  and  link f requency  dis tr ibut ions.  A 

link is t h e  fundamen ta l  unit of a channel  ne twork ,  and was  defined by Sh reve  (1966) a s  

a sec t ion  of channel  be tween  a sou rce  and a junction (ex ter ior  link) o r  be tween  t w o  

junctions ( inter ior  link). 

\With a mirror  s t e r eoscope ,  a c t i v e  s t r e a m  channels  were  t r a c e d  f r o m  low-al t i tude 

ae r i a l  photographs ( sca les  ranging f r o m  1: 16,900 t o  1:25,500). Oakwood,  Pa les t ine ,  

Keechi ,  Grand Sal ine,  Hainesvi l le ,  and Van S a l t  D o m e s  were  s e l ec t ed  fo r  this  study. 

Fo r  compara t ive  purposes, 10 non-dome dra inage  basins w e r e  also s e l ec t ed .  Each  of 

t h e  non-dome basins is  developed on a single s t r a t i g r aph ic  unit (e i ther  t h e  Wilcox 

Group,  t h e  Queen  C i t y  Fo rma t ion ,  or t h e  S p a r t a  Format ion) .  Dra inage  p a t t e r n s  ove r  

t h e  six domes  range  f rom cent r ipe ta l -annular  (Oakwood and Pa l e s t i ne  Domes)  t o  

subdendr i t ic  (Keechi ,  Hainesville,  and Van Domes) .  Grand Sal ine displays a  c e n t r i p e t a l  

pa t t e rn ,  and  t h e  non-dome basins a l l  h a v e  dendr i t ic  drainage.  
2  Dra inage  densi t ies  over  t h e  s ix s a l t  domes  vary  f r o m  2.9 kmlkm (Van Dome)  t o  

2 5.7 km/km (Oakwood Dome)  and genera l ly  i nc rease  wi th  increasing relief (fig. 57). 

Mean dra inage  densi ty fo r  t h e  10 non-dome basins is 4.1 km/kmL;  those  basins l o c a t e d  
2 on t h e  Queen  C i t y  Fo rma t ion  t end  t o  have  a higher densi ty (4.5 km/km ) t han  basins 

2 2 l oca t ed  on t h e  Wilcox Group (4.1 km/km ) and t h e  S p a r t a  Fo rma t ion  (3.5 km/km ). 

Emphasis  was placed on ex t e r io r  links s ince  t h e s e  a r e  t h e  mos t  sens i t ive  t o  

var ia t ions  in t h e  envi ronment  (Abrahams and  Campbel l ,  1976). Ex te r io r  links have  



been subdivided into sou rce  (S) and tr ibutary-source (TS) links (Mock, 1971). An S link 

is an  ex te r io r  link t h a t  combines wi th  a second ex te r io r  link, and a TS link is a n  

exter ior  link t h a t  joins a n  in ter ior  link (fig. 58). Abrahams and Campbel l  (1976) have  

concluded t h a t  t hese  two  link types  have  signif icantly d i f f e ren t  length  distr ibut ions in  

na tu ra l  dra inage  systems.  Applicat ion of t h e  Chi-square and t h e  Kolmogorov non- 

p a r a m e t r i c  s t a t i s t i ca l  t e s t s  t o  t h e  Eas t  Texas  d a t a  indica tes  t h a t  S and TS link 

distr ibut ions a r e  s ta t i s t ica l ly  d i f f e ren t  ( a t  t h e  0.05 leve l  of s ignif icance)  over  s o m e  of 

t h e  domes  studied,  and t h a t  t hese  link distr ibut ions vary according  t o  relief and 

dra inage  densi ty as follows: 

(1) S and TS links f r o m  dra inage  basins with high dra inage  densi t ies  and relief 

rat ios tend  t o  have t h e  s a m e  length distributions. Dra inage  over Grand Saline and 

Oakwood Domes  fa l l s  into this ca t egory  (fig. 59), as does dra inage  f rom one of t h e  

non-dome basins. Shor t  links a r e  abundant ,  and both distr ibut ions exhibi t  high kurtosis.  

Dra inage  of this  t y p e  is thought  t o  be  re la t ive ly  youthful  and  has ye t  t o  undergo 

extens ive  s t r e a m  abs t rac t ion .  Composit ion of dra inage  over  Grand Saline Dome  may  

have  been a f f e c t e d  by t h e  des t ruc t ion  of na tu ra l  vegeta t ion  over  a l a rge  proport ion of 

t h e  a rea .  Over  Oakwood Dome ,  oil  f ield ac t iv i t i e s  also may have influenced s t r e a m  

drainage. 

(2) A s  relief is reduced,  ex t e r io r  links a r e  a b s t r a c t e d  (Abrahams,  1977), and 

drainage densi ty decreases.  This  process genera l ly  commences  a t  t h e  c e n t e r  of t h e  

basin (Schumm, 1977, p. 64-66) and leads  to unequal  S and TS length  distr ibut ions (figs. 

59 and 60). This d i f f e rence  in length distr ibut ions has  been a t t r i b u t e d  t o  a tendency 

f o r  TS links t o  increase  in length downst ream in associat ion with increased valley s i ze  

(Abrahams and Campbel l ,  1976), but m a y  also be cont ro l led  by t h e  d i f f e ren t  topologi- 

c a l  positions occupied by S and TS links. T h e  S link distr ibut ion is essent ia l ly  t h e  s a m e  

a s  t h a t  for  S links of t y p e  ( l ) ,  but longer TS links a r e  more  abundant .  Pa les t ine ,  

Keechi ,  and Hainesville Domes,  t oge the r  with 9 of t h e  10 non-dome basins fa l l  into 

this  ca tegory ,  which is typica l  of m a t u r e  dra inage  basins. 

( 3 )  Where relief is ve ry  low, S and TS links aga in  tend  t o  have  t h e  s a m e  length  

distr ibut ions,  but wi th  a considerably g r e a t e r  mean  length  than  t y p e  (1) above.  This  is 

because  of maximum s t r e a m  abs t rac t ion  and t h e  uniform s i z e  of s t r e a m  valleys. Van 

Dome  fal ls  in to  th is  ca t egory  (fig. 59). Progression f rom t y p e  (1) t o  t y p e  (3) is shown 

in f igu re  61. F igure  62 shows t h e  inverse  relat ionship be tween relief r a t io  and mean 

ex te r io r  link length. 

These  da t a ,  t he re fo re ,  suggest  t h a t  dra inage  over Oakwood and -Grand Saline 

Domes  is younger t han  t h a t  over  t h e  remaining four inland domes.  Because of t h e  low 

res is tance  t o  erosion of t h e  Eas t  Texas  T e r t i a r y  sediments ,  l i thology and s t r u c t u r e  a r e  



not  thought  t o  have control led t h e  na tu re  of t hese  dra inage  pa t t e rns  ( t h a t  is,  t h e  

drainage is not superposed). This  implies  more  r ecen t  su r f ace  movemen t  above  t h e s e  

two  domes. Of t h e  remaining inland domes,  link distribution of t h e  Pales t ine  is mos t  

s imilar  t o  t h e  Oakwood t y p e  (fig. 59). Evidence of pre-existing topographic highs over  

Keechi  and Hainesville Domes  includes t h e  dra inage  pa t t e rns  and t h e  presence  of 

encircl ing a r e a s  of higher relief.  
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F igure  58. Diagram showing sou rce  (S) and  t r ibutary-source  (TS) links. 
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STUDIES O F  LINEAMENTS IN  EAST TEXAS 

Owen Dix 

Low-altitude aerial photographs are being used to identify 
lineaments in the East Texas Salt Dome Basin. Regional 
lineament trends are inferred to be related to basement tec- 
tonics, whereas modifications to  these trends in the vicinity of 
salt domes probably relate to salt dome structures. The age of 
such structures is critical. 

Lineaments  have  been defined a s  rec t i l inear  or  curvi l inear  mappable  s u r f a c e  

f e a t u r e s  t h a t  r e f l ec t  subsurface  phenomena (O'Leary and o thers ,  1976). R e c e n t  

s tudies  indica te  a close relat ionship be tween basement  t ec ton ic s  and superf ic ia l  

s t ruc tu ra l  pa t t e rns  (Gay, 1973, p. 4; F ros t ,  1977). T o  inves t iga te  this  relat ionship 
2 .  fu r the r ,  a n  a r e a  of approximate ly  15,400 km2 (6,000 mi ) In Eas t  Texas  is being 

studied t o  de t e rmine  regional l ineament  t rends  and t h e  e f f e c t s  of s a l t  dome  t ec ton ic s  

on these  t r ends  (fig. 63). 

Lineaments  a r e  marked on s te reoscopica l ly  viewed,  low-al t i tude,  black-and- 

whi te  ae r i a l  photographs. The  l ineaments  a r e  marked by f e a t u r e s  such a s  s t r a igh t  

s t r e a m  channels ,  changes  in topography,  and tonal  changes.  T o  da t e ,  95 pe rcen t  of t h e  

photographs have been marked and double checked;  t r ip le  checking is near ing  

complet ion.  Ul t imate ly  e a c h  l i neamen t  will be  given a set of coordinates,  and t h e  

d a t a  will be computer ized .  As th i s  will be done only on  comple t ion  of t r ip le  checking ,  

a n  a r e a  covered  by s ix teen  2.3 m by 2.3 m (7.5 f t  by 7.5 f t )  quadrangles was s e l e c t e d  

f o r  ini t ial  analysis (fig. 63). This  s tudy a r e a  was divided in to  a nor thern  suba rea  

containing no s a l t  domes  and a southern  subarea  conta in ing  Keechi ,  Pa les t ine ,  

Oakwood, Bethe l ,  and  Butler  Domes. 

Lineaments  range  in length f rom 0.4 t o  4.9 km (1,360 t o  16,660 f t ) ,  t h e  mean  

being 0.9 km (3,060 f t ) .  Since l ineament  length  is considered impor t an t  (Fros t ,  1977), 

t h e  t o t a l  length  of l ineaments  within e a c h  10' angular  in terva l  has  been p lo t ted  on 

rose d iagrams (fig. 64A). Mean length of  l ineaments  tends  t o  increase  wi th  t h e  t o t a l  

number of l ineaments  in e a c h  10' in te rva l ,  which resul ts  in an  enhancemen t  of peaks 

when t o t a l  lengths a r e  p lo t ted  (Haman and Jurgens ,  1976). Applicat ion of t h e  Chi- 

square  one-sample test (Siegel, 1956, p. 42-47) in t h e  nor thern  suba rea  revea led  fou r  

s ta t i s t ica l ly  s ignif icant  peaks loca t ed  on bearings of  030°, 055O, 295': and  330' 

(fig. 64B). These  fou r  peaks cons t i t u t e  two  or thogonal  s e t s  (Gay, 1973, p. 3-6), which 

may represent  t h e  regional l ineament  p a t t e r n  of t h e  Nor theas t  Texas  Sa l t  D o m e  Basin. 

T h e  055' t r end ,  which is b e t t e r  represented  he re  than  in t h e  southern  subarea ,  m a y  



have  been enhanced by t h e  klexia-Talco Fau l t  Sys tem loca t ed  approximate ly  30 km 

(18.7 mi)  t o  t h e  nor thwest  (fig. 63). I t  i s  in te res t ing  t o  no te  t h a t  t hese  peaks a g r e e  

well wi th  l ineament  peaks in P recambr ian  and Paleozoic  sediments  of t h e  San Saba  

a r e a  (020°, 060°, 295O, 330') and t h e  Pa lo  P in to  a r e a  (030°, 060°, 295O, 345'1, C e n t r a l  

Texas  (Brown, 1961 ). 

A rose d iagram for  t h e  southern  subarea  also shows four  s ta t i s t ica l ly  s ignif icant  

peaks a t  az imuths  of 025O, 060°, 2950, and  325' (fig. 64B). These  peaks correspond 

well t o  those  in t h e  nor thern  subarea ,  al though they  a r e  not as pronounced. This  is 

probably t h e  resul t  of i n t e r f e rence  by randomly and radially o r i en ted  boundary 

l ineaments  around t h e  sa l t  domes. Fu r the rmore ,  eas t -wes t  l ineaments  a r e  noticeably 
5 

more  abundant  in t h e  southern  subarea ,  t h e  quadrangle containing Oakwood Dome  

having a pronounced peak at 085'. This  may be re la ted  t o  t h e  t r end  of t h e  Elkhart-  

Mount Enterpr i se  Fau l t  Zone,  which has  a west-southwest  t r end  e a s t  of Oakwood 

Dome. The re  is an  inc rease  in t h e  number of l ineaments  around Pales t ine ,  Oakwood, 

and t o  a lesser  e x t e n t  Keechi  Domes.  L ineamen t s  over  Oakwood Dome  tend t o  b e  

or ien ted  eas t -wes t ,  and t h e  f requency of l ineament  in tersec t ions  increases.  Over  

Pa les t ine  Dome,  t h e  l ineaments  tend  t o  b e  radially or ien ted .  However ,  until  d a t a  f rom 

t h e  e n t i r e  s tudy a r e a  a r e  avai lable fo r  analysis,  no addit ional  conclusions c a n  be  

drawn. 
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Figure 63. Location map of l ineament study area.  
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Figure 64. Rose diagrams of lineaments using total lengths for each 10' sector: 
(A) northern subarea; (B) southern subarea. Asterisks represent peak significance; 
** = 0.05 level of significance, * = 0.10 level of significance. 



THE QUEEN CITY FORMATION 

David K. Hobday and Edward W. Collins 

The Queen City Formation of the East Texas Basin includes five 
distinct sedimentary facies: fluvial, deltaic, barrier, tidal 
delta, and tidal flat. Oakwood Dome may have had topographic 
expression during deposition and thereby influenced facies char- 
acteristics and distribution on a local scale. 

Regional  p a t t e r n s  of f a c i e s  dis tr ibut ion were  es tab l i shed  f o r  t h e  Queen  C i t y  

Fo rma t ion  (figs. 65 and  66) t o  d e t e r m i n e  t h e  e x t e n t  t o  which s a l t  domes  m a y  h a v e  

inf luenced t h e  dep6si t ional  envi ronment  and the reby  provided informat ion  concern ing  

dome  g rowth  history. Previous  f ac i e s  s tudies  of t h e  Queen  C i t y  Fo rma t ion  in t h e  

region w e r e  ca r r i ed  o u t  by Guevara  and G a r c i a  (1972). 

F ive  f ac i e s  a r e  c h a r a c t e r i z e d  by d is t inc t  assemblages  of physical and  biogenic 

s t ruc tu re s .  In t h e  no r thwes t ,  a n  al luvial  plain was t r ave r sed  by r ivers  of f l uc tua t ing  

d ischarge  and seasonal ly changing channel  g e o m e t r y ,  which lncluded both braided a n d  

meander ing  components .  Small  f luvial ly dominated  d e l t a s  developed a long  t h e  wes t e rn  

half of t h e  embaymen t ,  prograding ac ros s  t h e  shal low Weches shelf .  Eas tward  of t h e  

a r e a  of a c t i v e  de l t a i c  s ed imen ta t ion  were  low coas t a l  bar r ie rs ,  which m a y  have  

fo rmed  contemporaneous ly  a s  s t r ike-fed f ea tu re s ,  o r  by subsequent  processes  of d e l t a  

des t ruc t ion .  Flood-tidal de l t a s  were  deposi ted on t h e  land ward s ides  of bar r ie r  i n l e t s  

and were  par t icu lar ly  widespread during in i t ia l  phases of mar ine  t ransgression nea r  t h e  

end  of Queen  C i t y  deposition. Inner p a r t s  of t h e  Queen  C i t y  e m b a y m e n t  exper ienced  

subdued wave  ac t iv i t y  and enhanced  t ida l  processes  and  w e r e  covered  by shal low 

subt ida l  sand shoals  and broad t i da l  f l a t s  comprising a l t e rna t ing  layers  of sand  and  

mud. 

Although suf f ic ien t  d a t a  a r e  cu r r en t ly  unavai lable fo r  a def in i te  conclusion, l oca l  

f ac i e s  cha rac t e r i s t i c s  sugges t  t h a t  Oakwood D o m e  m a y  have  ex i s t ed  as a pos i t ive  

topographic  f e a t u r e  during Queen C i t y  deposition. This  p a t t e r n  i s  a lso emerg ing  in 

ongoing s tudies  of t h e  underlying Reklaw Format ion .  



Figure  65. Outcrop a r e a  of t h e  Queen City Format ion in East  Texas; paleocurrent  
pat terns  measured a t  major outcrops. 



Figure  66. S c h e m a t i c  paleogeographic recons t ruc t ion  of major  Queen C i t y  f ac i e s  in 
t h e  Eas t  Texas  Embayment .  
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