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ABSTRACT 

Deep-water  sands tones  of t h e  Oligocene-age Hackberry  unit  of t h e  F r i o  Forma t ion  

con ta in  s ignif icant  quan t i t i e s  of oil and  g a s  and r ema in  potent ia l ly  o n e  of t h e  mos t  product ive  

explorat ion t a r g e t s  in sou theas t  Texas.  T h e  Hackberry  i s  a wedge  of sands tone  and s h a l e  

conta in ing  ba thyal  f auna  t h a t  s e p a r a t e s  upper F r io  barr ier-bar  - s t randpla in  sands tones  f r o m  

lower  F r io  ne r i t i c  sha le  and sand. Major Hackberry  sands tones  lie a t o p  a channeled  

unconformi ty  t h a t  f o r m s  t h e  base  of t h e  unit. Sands tones  in a typica l  sand-rich channel  at P ~ r t  

Ar thur  f ie ld  g rade  upward f r o m  a basal,  confined channel-fill  sands tone  t o  m o r e  widespread,  

broad, fan-channel deposi ts ,  Topmost  a r e  proximal t o  medial  f a n  deposi ts  and  overbank 

turb id i te  deposits.  T h e  sequence  sugges ts  t h a t  Hackberry  sands tones  w e r e  laid down by a n  

onlapping submar ine  canyon - f a n  complex  deposi ted in canyons  t h a t  e roded headward in to  t h e  

contemporaneous  F r io  bar r ie r  sys tem.  Regional  maps  and se ismic  in t e rp re t a t ions  out l ine  a 

ne twork  of sand-filled channels  ex tending  f r o m  t h e  bar r ie r  toward  t h e  southeas t .  

T h e  ea r l i e s t  s t ruc tu ra l  ac t iv i ty  of t h e  P o r t  Ar thur  a r e a  is lower  Ol igocene  (&licksburg) 

fau l t ing  associa ted  wi th  continental-s lope sedimenta t ion .  Small growth  f a u l t s  of i a t e  Ol igocene  

(Frio) a g e  displace t h e  Hackberry  sec t ion  less  t han  500 f t  and ex tend  upward in to  Miocene  

s t r a t a .  Isopach and isolith maps  ind ica t e  t h a t  t h e  Orange ,  P o r t  Neches,  and F a n n e t t  s a l t  domes  

w e r e  a c t i v e  uplif ts  during F r io  and Anahuac  (Bower Miocene) deposition, Nea r  Spindletop dome,  

however,  only a north-south-trending sal t-cored r idge  i s  present .  T h e  Hackberry  channels  a r e  in  

pa r t  i oca t ed  in sal t-withdrawal basins, bu t  major  channel  a x e s  ex tend  across  t h e  uplifts.  

T i m e  versus d e p t h  plots  of w a t e r  d e p t h  and sediment  th ickness  i nd ica t e  t h a t  mos t  of t h e  

Hackberry  Embaymen t  in Texas  could have  been  fo rmed  by normal  subsidence during t h e  l a t e r  

Ol igocene  if t h e  embaymen t  w e r e  c u t  off f r o m  i t s  supply of muddy sediment .  Thick, sandy,  

lower  Hackberry  deposi ts  f i l led d e e p  canyons eroded in to  t h e  r e t r e a t i n g  shelf margin,  

Kewords: Frio Formation, growth fad-, G d f  C a t ,  Sefferson C m t y ,  oil and RZ fields, - 
Orange Comty, reservoir r d s ,  sdt tetoraics,  Texa ,  turbidites. 



T h e  Hackberry  conta ins  t w o  hydrocarbon plays. T h e  updip play i s  re la t ive ly  shal low and 

oil-rich and l ies  nea r  t h e  updip l imi t  of deep-water  deposition. Some  of t h e  f ie lds  in th is  play 

produce  f r o m  barr ier-bar  - strandpdain F r i o  sands tones  erroneously co r re l a t ed  wi th  t h e  

Hackberry.  T h e  downdip play i s  gas-r ich and genera l ly  geopressured.  T h e  reservoi rs  l ie  e i t h e r  

within o r  on t h e  f lanks  of t h e  major  channel  sys t ems  and a r e  commonly  bounded updip by smala 

growth  dauits,  Understanding t h e  cot-nponent depositionak envi ronments  represented  by t h e  

discontinuous and complex  l i thofac ies  of t h e s e  sands tones  will improve  hydrocarbon explorat ion 

and production. 

INTRODUCTION 

T h e  F r io  Format ion  i s  one  06 t h e  major  c l a s t i c  progradational  units  of t h e  Texas  GuSf 

C o a s t  Basin (Galloway and o thers ,  1982)- Two l a r g e  d e l t a  sys tems,  t h e  Ns r i a s  in South  Texas  

and t h e  Houston in Eas t  Texas,  prograded m o r e  t h a n  SO mi  basinward of t h e  previous 

continental.  margin and in t h e  process c r e a t e d  l a r g e  growth-fault  sys t ems  and s t imu la t ed  sa%t  

tec tonics ,  Barrier-bar - s t randpla in  sys t ems  ex tended  be tween  t h e  main de l t a s  ( fa rming t h e  

Gre t a /Carancahua  sys t em)  and e a s t  of t h e  Houston d e l t a  i n to  Louisiana (forming rhe  B u n s  

sys t em)  (fig. 1)- Both of t h e s e  barr ier-bar  - s t randpla in  sys t ems  prograded t h e  si-ie8i margin  

seaward  and a r e  a l so  assoc ia ted  wi th  regional  g rowth  faul t s .  

Shale  and sands tone  of t h e  Hackbe r ry  Member dorm a seaward-thickening wedge  ( the  

Hackbe r ry  Embayment)  in sou theas t  Texas  and southwest  Louisiana t h a t  l ies  within the  F ~ i o  

mar ine  succession (fig. 2). The  wedge  pinches o u t  t o  t h e  nor th  ajong a zone  t h a r  Bornhauser 

(1960) r e rmed  t h e  "Har tburg  f lexure,"  T h e  t e r m  "Hact<berry" was  f i r s t  used for  t h e  ba thyal  

(deep-water)  i o ramin i f e ra l  assemblage  at Hackberry  s a b t d o m e  In Louisiana by  G a r r e t t  (19399 

bu t  was  l a t e r  genera l ized  as a member  o r  f a c i e s  of t h e  F r io  by Bornhauser (1960) and Pa ine  

(1968). 

Over  mos t  of t h e  embaymen t ,  t h e  lower  Hackberry  i s  a sand-rich unit  t h a t  f i l l s  channels  

e roded as much a s  808 f t  i n t o  pre-Hackberry sed imen t s  (fig. 3). Previous s tudies  have  indica ted  
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Figure 1. Deposi t ional  s y s t e m s  of t h e  Frio Forma t ion  (from Galloway and o thers ,  1982) and loca t ion  of t h e  P o r t  Ar thur  
s tudy  a r e a ,  
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Figure  2. S t r a t ig raph ic  d iagram of F r io  and r e l a t ed  s t r a t a ,  J e f f e r son  Coun ty  a rea ,  and 
d iagnos t ic  foramini fers ,  sand-body distr ibut ion (shaded), and marke r  horizons used f o r  this  s tudy 
( A l  through A5). 

t h a t  t h e s e  sands  w e r e  deposi ted in a submar ine  canyon-far, envi ronment  (Paine, 1968; Brown and 

Fisher ,  1977; Berg  and Powers,  1980), A m o r e  uniformly distr ibuted,  seaward-thickening wedge  

of sha l e  overl ies  t h e  Eower Hackberry  sands; it g rades  upward in to  upper F r i o  sed imen t s  of 

shai low-water  origin. The  lower Hackberry  sands a r e  product ive  oil and g a s  reservoirs; 

explorat ion fo r  deeper  geopressured g a s  f ie lds  is continuing. 
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Figure  3, Regional  distribution of sand-bearing lower Hackberry channels in the  Hackberry Embayment.  Louisiana d a t a  
from Pa ine  (1968); Texas d a t a  f rom Bornhauser (1960) and this study. The type locali ty of t h e  Hackberry at Hackberry sa l t  
dome is also shown. 



No a d e q u a t e  regional  s t ruc tu ra l  and s t r a t ig raph ic  s tudy  of xhe Hackberry  s f  sou theas t  

Texas  has  previously been  published. Thus, t h e  loca t ion  of t h e  major  submar ine  channels ,  t h e  

geomet r i e s  of t h e  sands tone  bodies, and t h e  evolut ion of t h e  Hackberry  deposi t ional  sys t em a r e  

pooriy known. Reedy  (1949) publisi-red a regional  s tudy  of t h e  F r i o  Format ion  in sou theas t  

Texas.  Berg and Powers  (1980) descr ibed  co res  f r o m  two wells in J e f f e r son  Countyy,  T h e  P o r t  

Ar thur  f ield,  which produced gas  and condensa t e  f r o m  Hackbe r ry  sands tone  reservoi rs  f r o m  i t s  

discovery in 6959 until  i t s  abandonment  in 1988, has  been  described by Halbouty and Barber  

(1961) and Weise and o the r s  (1981). T h e  f ie ld  has  a l so  been  s tudied  by r e sea rche r s  at t h e  B ~ r e a u  

of Economic Geology as a cand ida te  f o r  enhanced g a s  r ecove ry  (Gregory and others ,  1983)- 

To understand t h e  geologic s e t t i ng  and t h e  cha rac t e r i s t i c s  of t h e  reservoirs ,  w e  se l ec t ed  a 

s tudy a r e a  c e n t e r e d  on t h e  P o r t  Ar thur  field. The  a r e a  ex tends  f rom t h e  updip Bimit of -the 

Hackberry  wedge t o  t h e  downdip l imi t  of well cont ro i  in J e f f e r son  County ,  Orange  County ,  and 

ad jacen t  p a r t s  of Louisiana (fig. 4), W e  cor re l a t ed  m o r e  than  228 logs of d e e p  wells,  and  we 

used paleontological  d a t a  t o  pick t h e  sub-Hackberry unconformi ty  and to def ine  t h e  dawer Fr io  

and Vicksburg unlxs. Six se ismic  sec t ions  w e r e  used t o  d e t e r m i n e  t h e  s t r u c r u r e  and distr ibution 

of. channels  downdip f r o m  t h e  P o r t  Ar thur  f ie ld ,  Informat ion  f r o m  se ismic  s e c t i s r ~ s  and wele 

logs was  merged to produce  sxruc ture  and saiaa' maps. In addit ion,  we s tudied  the geophysical 

logs of wells  in P o r t  Ar thur  f ield t o  analyze sands tone  f ac i e s ,  

FWIO FORMATION STRATIGRAPHY, PORT ARTHUR AREA 

T h e  F r io  Forma t ion  (upper Oligocene) in t h e  P o r t  Ar thur  a r e a  ranges  f rom abou t  2,OOG f t  

t o  m o r e  than  6,000 f t  thick,  increasing basinward. T h e  updip p a r t  of the a r e a  consists  of 

s t a c k e d  barr ier-bar  and strandplain sands tones  of t h e  Buna bar r ie r  sys tem,  Downdip t h e  

sands tone  c o n t e n t  decreases ,  and sands tones  and sha les  of deep-water  origin become  dominant ,  

The  F r io  c a n  b e  divided in to  t h r e e  uni t s  (fig, 2), The  dower uni t  (be tween t h e  t o y  s f  t h e  

Vicksburg a t  t h e  Textu lar ia  war ren i  horizon and t h e  Nodosaria  horizon) i s  thin and 

sands tone  poor and is Iithologically s imi lar  t o  t h e  underlying Vicksburg, T h e  middie uni t  (from 
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Figure  4. Location m a p  of t h e  P o r t  Ar thur  a r e a  showing wells used f o r  cor re la t ion  and gene ra l  
loca t ions  of se ismic  i lnes and l ine  of c ross  s ec t ion  C-C' (fig. 5). 

t h e  Nodosaria  -- t o  abou t  t h e  t e x a n a  horizon) conta ins  abundant  sands tone  

updip bu t  only a f e w  discontinuous sands tones  of i nde te rmina te  ~ r i g i n  downdip. This unit i s  

extensively eroded at t h e  sub-Hackberry unconformity,  so  t h a t  i t s  original thickness is d i f f icu l t  



t o  de t e rmine ,  T h e  Hackbe r ry  wedge  l ies  be tween  t h e  Nonion s t r u m a  horizon and  t h e  

t e x a n a  horizon,  t h a t  is, in t h e  upper middle Fr io ,  T h e  upper  Frio cons is t s  of 

sands tone  updip and  a l t e rna t ing  sands tone  and sha l e  downdip. These  sands tones  conta in  

upward-coarsening cyc l e s  and a r e  continuous along str:.kep bu t  t h e y  sha l e  c u t  fa i r ly  abrupt ly  

downdip and a r e  i n i e r r ed  t~ b e  barr ier-bar  or s t randpla in  sand  bodies, or both,  T h e  upper 

F r i o  sand systern prograded  wi th  t ime ,  capping  t h e  deep-water  Hackberry  sha l e  (fig, 5). I t  is 

overlain by lowermos t  Miocene, sha%low mar ine  sha les  of t h e  Anahuac  Fo rma t ion  tha-t 

conta in  ne r i t i c  fauna ,  A l imes tone  m e m b e r  known knformaiiy as H e t e r o s '  ' ex i s t s  locally 

, . within $he  Anahuac  Fo rma t ion ,  Und i f f e r en t i a t ed  Miocene s u d s t o o n  en<  sha l e  overire t h e  

Anahuac  Fo rma t ion ,  

. '-- The underlying Vicksburg Forrnatiopa of ea r ly  O l g o c e n e  age consis.ts iargely al shale,  J rle 

res i s t iv i ty  of t h e  sha l e  i s  commonly higher  t han  t h a t  c% -the il.thologicadly s-imiiar iower Frio,  

. ~, Within t h e  Vicksburg a r e  disron'rinuous sand  bodies  w i th  jog zharzcterfstlcss ~ii-;-:~ilar to those oi 

Hackberry  sands; "chis sugges ts  t h a t  s o m e  of t h e  'dEiicksbut-g sedlmen-is a r e  a1.s~ deeper wa-cer 

(sjope?) deposi ts ,  

s ignarures  on weld logs, They r ange  frodm top of il;e A ~ a h u a c  1 : ~  $:he are.-j<aci&er~:i 2 

t lncsn iormi ty  (fig, 2). Pz-ogradation 0%' upper F r i s  2nd l o -+~e r  FJIiocenc sand osd i e s  inaica.:ed el-!,at 

t h e  A 3  and  A l  m a r k e r s  pass  downdip f rom sand  1s shale seque.rces, Maruers .AB!. -through A4 

~ * o c c u r  in shallow.-wa-ter deposi ts ,  ~ ;vhereas  RI; aizd A5 o c c u r  15 aeep--wa-:-;lW >. L,k 3-i -+--"-- c -<a ~i t h e  

" ~ ~ .  
Hackberry  Member ,  In downdip p a r t s  af t h e  s tudy  a r e a ,  the quel i ty  se i smic  cats 5 poor, ai-d 

no in te rva is  below t h e  pre-Hackberry wncons'ormi-iiy (A5) c a n  b e  co r r e l a t ed  irl enoxg.-? \~ieE:s $O 

p e r m i t  re l iab le  dete:=minat ian of t h e  d e e p  s t r u c t u r e ,  

E a s t  alsd southeas t  s f  Spindletcp, t h e  to:; of ge3$xswe occu r s  near A3, t h e  base of the 

upper  F r l o  sands tones  (fig. 5);  t h e  bdackberr-ji. 2nd 4~1i.ier sands tones  are g e ~ p r e s s u r e d ,  PJ~,;srrhwest 

of Spindletop,  t h e  t o p  of geopressrire l i es  betow the base  0.f the F r o  Farmat ior ;  (h/jor";s aar~d 

ofhers ,  t$83), in e x t r e m e  downdip wells whe re  t h e  u p p e r F r l o  lacks  sands tones9  xkie top oi 

geopressure  r i ses  to t h e  base  of t h e  Miocene strrata, i n  t h e  P o r t  Ar thu r  - Sabine  Lake are;k, 



Figure  5, St ra t ig raph ic  sec t ion  C-G' o i  Hackbe r ry  and upper F r i o  sands  along t h e  major  channel  m a r  P o r t  Ar thur  field. A 
possible sand-package corre la t ion  is shown, suggest ing progressive oniap o i  t h e  deep-water  sandstones aga ins t  t h e  pre- 
Hackberry  unconforrnity. Severa l  of t h e  weils  used a r e  marginal  to t h e  main  channel .  Also n o t e  t h e  seaward  progradat ion  
of -the upper F r i o  sandstones.  Line  of sec t ion  is shown in f igu re  4. 



top of geopressure  at A 3  coincides with a sha rp  drop  in se i smic  veloci ty,  a s  de t e rmined  by two 

veloci ty surveys (fig. 4) .  However,  t h e  ed fec t s  of geopressure  a t  A 3  a r e  coincident with t h e  

l i thologic t rans i t ion  f r o m  a sandstone- t o  a shale-dominated sequence;  hence,  t h e  t o p  0% 

.- geopressure  canno t  b e  defined with assurance  using veioci ty d a t a  alone,  d h e  lower Hackberry  

sands tones  have  higher vekocities t han  does  t h e  Hackbe r ry  sha le ,  al though t h e  ve loc i t ies  a r e  

dower than  a s imple  ext rapola t ion  f rom shal lower sands  wculd indica te ,  

Sands tone  Distr ibution,  P o r t  Ar thur  Area  

In t h e  P o r t  Ar thur  f ie%d a r e a ,  as in mos t  of t h e  Hackberry  Ernbayrnent, only t h e  Bower 

Hackberry  unit conta ins  sandstone,  However,  t o  t h e  wes t  and t h e  east, additiosaai deep-water  

sandstones occur  nea r  t h e  middle of t h e  upper Hackberry units. These  a r e  probably reccarrences 

of t h e  lower Hackberry  d e p o s i t i o n a  style,  A s  t h e y  a r e  loca l  and  do not  a f f e c t  t h e  P o r t  Ar thur  

f ield a r e a ,  t hey  will not  be discussed fu r the r ,  

The  lower Hackberry  was  deposi ted on a highly channeled  s u r f a c e  (fige 7). Relief on t h e  

uwconformity locally e x c e d s  1,280 i t  sou theas t  s f  P o r t  A t h u r  f ield,  3-e channels  form a 

cornp%ex, anastornosing pattern,  especial ly sou th  and soutl?east of Port Ar:hur f ie ldo  Six main 

- channel  a x e s  c a n  be  defined f rom wes t  t o  east (fig, 1): (1) The rsarrow Fannett ciaannei p a s s e  

nea r  F a n n e t t  dome,  t hen  south  pas t  Big Hill, 9%) T h e  Gum Island chas~nei systext? con-Lains the  

producing Hackberry  reservoirs  a t  Lavelds Lake,  I-iiEdebramdt Bayou, and Gum Island fields, I t  

has a n  eas tward  branch t h a t  joins Sa l t  Bayou channe!, ( 3 )  The  broad Sa l t  Bayou channei  ex tends  

sou theas t  f rom t h e  junction of minor crossover channels  leading f rom t h e  Gum Island and Port  

Ar thur  axes ,  (41 The  P o r t  Ar thur  channel  is t h e  tialckest sf t h e  six, I t  ex t ends  Prom Spindietop 

s a l t  dome  south  and southeas t  through P o r t  Acres and P o r t  Ar thu r  f ie lds  t o  Sabine Lake, 

Subsidiary channels  t r end  southeas tward  through P o r t  Ar thu r  f i d d  to m e r g e  in to  the  minor 

South  P o r t  Ar thur  channel .  ( 5 )  The  P o r t  Neches  channel  ex t ends  f rom q s r t h e r n  Orange  Coun ty  

south  and southeas t  t o  Sabine Lake; t h e  Hackbe r ry  reservoirs  at P o r t  Neckes  d o m e  fill  parr sf  

th is  channel.  The bepocenter  in IN-49E is probably a sal t-withdrawal basin fo rmed  by t h e  



EXPLANATION 

---- Velocity analysis 
---- Updip ve loc~ t y  survey 
--- Downd~p  velocity su rve j  

Figu re  6 ,  i n t e rva l  ve loc i ty  versus dep th  f o r  t w o  ve loc i ty  surveys  and  ve loc i ty  ana lyses  f r o m  
se ismic  da t a .  S t ra t igraphic  horizons a r e  s h o v ~ n  f o r  t h e  two  weii surveys.  T h e  surveys  show a 
ve loc i ty  inversioa be tween  A 3  and  A4. 



Figure 7 ,  Isspa& map of 
Several large c'.:anne! axes 
areas or? -the pre--Hac!&-rry 

growth sf Po1-t Neche. s n d  Orange domes, as noted $ y  Reedy (j$i;g)r (5) The poar j~ ;  & ; j f j ~ d  

Orange channe?  passes ncr~heast  of Orange saj-;: dome, 

Bn general, the  axes oP maximum sand 2nd w a x i ~ ; ~ ; ~ :  percefi-t sand closely !o:low -the 

- .  
channels (figs, 8 and 9), bur locally t h e  sand max ima  iolkew somevthat divergent  courses, T h ~ s  



Figure 8, Sandstone isolith m a p  of the lower Hackberry, Jefferson County. Thick sand bodies 
fol%ow the major channels, 

may be caused ei ther  by slightmeandering of t h e  sand-fi8led cha;anel xoward t h e  outside of 

curves dn :he chacnel ";stem or by differing %ir-nes OP channel cutting and filling. 

The sand-percent map (fig, 9 )  shows t w o  areas of high sand cor,terit separated by an area 

of confined ckan~~eis, The updig area, ~vhicla has more than 70 percent sand, lies in an area of 
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Figure 9, Percent-sandstone ma;; 02 Hackbefry ,  JeflersoT Csuntg;, MaxjmiJm sand 
pe rcen tages  occur in downdip, lower-channel pcsi-kia5s and ];.caEl\i J - -  in the  far  tipdip reaches, 

.=rs thin j s u l e ~  Eackber.rv i sfrzta, 1 l2e saz-idst:ones here have -3c-t been studled jl-; d.s.:ajj, ba-1.l- p a y  

represent local slumped sands or sandstsne resedimented by grain d io :~~ fi-om coeval s t p a n d ~ i a i n  
.2 

sand bodies es the northtwest, The downdip area, l-laving : ~ p  "s $C percen t  s a ~ d ,  occurs sf the 

transition between t h e  lcpraf cordined channels arid a iateral%y more conti~:-,uo.ias sands-t~ne 

geometry; i t  is in fer red  to mzrk  the head OP the subrnari~e fan system, 



Sands tone  F a c i e s  and Sand-Body Geomet ry ,  P o r t  Ar thur  Field 

T h e  lower Hackberry  sandstones a r e  len t icu lar  and  r ange  f rom a f e w  f e e t  t o  m o r e  than  

130 f% thick. Individual sands tones  w e r e  co r re l a t ed  with s o m e  d i f f icu l ty  in t h e  f ie ld  and canno t  

b e  co r re l a t ed  for  any d i s t ance  beyond t h e  f ie ld  a rea .  However,  groups of sands tones  occu r  

throughout  "re P o r t  Ar thu r  channel  (fig. 5). Maximum thickness and bes t  devedopment of t h e  

in terva l  occur  in  re la t ive ly  narrow, dip-aligned bands (fig. d O ) ,  

Eo th  P o s t  Ar thur  and  P o r t  Acres  gas l condensa t e  f ie ids  a r e  within and on t h e  southern  

f lanks  of t h e  P o r t  Ar thur  channel  (fig, 10). T h e  main  P o r t  Acres  reservoir  is a s t r a t ig raph ic  

t r a p  within the  uppermost  lower Hackberry  sands tone  (Halbouty and Barber ,  4961), whereas  t h e  

P o r t  Ar thur  f ie ld  con ta ins  44 reservoi rs  within a n  anticline downdip of a regional  growth  i a u I t  

Qfig. 11)- T h e  i n d i v i d d  reservoi rs  a r e  th icker  and general ly m o r e  pers i s ten t  in P o r t  Ar thu r  

f ie ld  ( the  dowsethrowr, s ide  of t h e  fault),  than in t h e  P o r t  Acres  f ie ld  ( t h e  upthrom~n s ide  of t h e  

feul t) ,  Maximum in te rva l  thickfiess is along t h e  axis  of t h e  P s r r  Ar thur  channel  and  i t s  

secondary  chanfiebs, which conta in  massive sands tone  bodies exhibi t ing biocky SP responses,  Zdn 

t h e  absence  si whale-care da t a ,  t h e  geophysical  log pasterns of s ix  of t h e  major  reservoi rs  (l'CbQ 

through "MU";n P o r t  Ar thur  field have been  s tudied  t o  d e t e r m i n e  t h e  coEiponent deposi t ional  

f a c i e s  in the canits, 

Geophysical  responses of Hackberry  sands tones  (in this  case, spontaneous po ten t i a l  [SP] 

response) can be reBated 1s t h e  submarine-fan mode1 by Walker (1979) (fig, 62). The  dower f a n  

deposits,  consisting of widespread c lass ic  turb id i re  deposi ts ,  a r e  not recognized in  t h e  

Hackberry  in Texas,  In t e rmed ia t e  suprafan  depos i t s  commoniy  show progradational  seqQences  

(Walker, 1979, p, 99) In which t h e  c leanes t ,  coa r ses t  sands tones  a r e  at t h e  top; s eve ra l  cyc l e s  of 

progradation may be s t acked ,  as shown by irregularly increasing SP deflect ions,  T h e  proximal  

suprafan  conta ins  general ly coa r se r  grained,  channel-filling sands tones  having upward-fining 

sequences,  atse 3n severa l  cycles: t h e  SP responds wi th  upward-decreasing deflect ions,  

Proximal suprafan  f ac i e s  m e r g e  updip in to  bra ided  fan--channel depos i t s  (Normark,  1978) tha t  



Figure 10. Neb-~;ands"rne m a p  sf the lower l ackber r j t i  y ~ r " ? : r t h u ~  -- Po:?[ ic..ziec; zrea, 
cross sec-cion X-XY,  see figure 11. 

-. 
have a higher massij;e sands-isne and sa:ds-j--r]e cor,te.-,t, 1 -:- $,p si-:ows an j------.-' r !*-$ kc-3: . ?I', 

A .  blocky patterns and a jc.ss 01 cleanB upward-.flsiir,g seGueficC5, 

Channels may be ir:cised "nfo tile prsx%ma] sup:.zfa,: iced ~:Z\F; s ~ p r a l a . 3  d~v~;:?siope~ 

- ~ Tlxse char,nejs are filietj by massive sandsts~e.: and pebbly sz;-!dstn,~;es !;has dc no:: tifie ~ ~ ~ 3 r d ~  

T >  

I ne SP response jr;ferred to be bjocky and "; ?"=,.; ,a sharp base and j:op, Near the oi o'le 

. ' fan, the major feeder channel is fried with  coarse sa.;dsto!ie (congiernerate, !I :hi=- sedbxent is 

avabiabke), slump and debris-flow deposits, and massive sandsts~es, No clear upward-fin8sig 



Figure I!. Structural section X-X' across Port .A?-h1: field showing named sand units  within t h e  lower Hackberry, the  
relation oi t h e  na in  field to the large channel arid growth fault, and the log characteristics of the sands. Line of section is 
shown .in f igure  J.0, 



Figure 12, Suba-a-,.rbne f a n  facies mode% (Walker, 1999) and SP curves froin ehe :Qz:': ~.~na'js$si.?e h% 

Port Arthur fieid, 



t r ends  a r e  evident ,  and t h e  S P  responds in blocky pa t te rns .  Flanking t h e  major  channel  a t  t h e  

head  of t h e  f a n  a r e  l e v e e  o r  overbank deposits.  These  cons is t  of thin, turbidi te-deposi ted sands  

fo rmed  by t h e  spillover f rom l a r g e  channeled  f lows and a r e  t h e  f a c i e s  poorest  in sand of t h e  

e n t i r e  upper f a n  assemblage.  The  SP  response r e f l e c t s  t h e  predominance  of shale,  and  th in  

sands tone  o r  s i l t s tone  beds produce  e r r a t i c  spikes. 

T h e  "M'hands tone  displays a bdocky S P  p a t t e r n  fo rmed  by mass ive  sands tones  wi th  f e w  

shale  part ings,  a c h a r a c t e r i s t i c  of confined channel-fill  o r  feeder-channel  deposi ts  (fig. 13a). 

T h e  'WM" sands tone  appea r s  in only six wells and r e s t s  d i r ec t ly  on t h e  sub-Hackberry 

unconformity;  t h e  walls of t h e  channel  a r e  fo rmed  by lower and middle F r io  rocks, T h e  

maximum width of th is  channel  i s  6,000 f t ,  

Spontaneous potent ia l  cu rves  fo r  t h e  'GG"' sands tone  ind ica t e  braided fan-channel-fill  

deposi ts  and ad jacen t  overbank deposi ts  (fig. 13b), Wells 12, 28, and  36 have  general ly blocky 

SP  pa.tterns and m o r e  abundant  sha l e  par t ings  than  does  t h e  confined-channel "tl" sand. Curves  

fo r  wells  11, 23, and 29 sugges t  overbank deposi t ion conta in ing  2- t o  10-ft-thick "crbidi te  

sands tones  and in t e r  bedded shales. 

T h e  SP  cu rve  for t h e  'IFFss sands tone  in mos t  s l  t h e  wells  i s  a s e r r a t e  blocky p a t t e r n  

conta in ing  s o m e  upward-f ining cyc le s  (fig. 1 3 ~ 1 ,  This  p a t t e r n  is mos t  e v i d e n t i n  wells  1, 12, 34, 

and  36;. Wells 24, 29, and  32 have  SP cu rves  indica t ive  of braided fan-channel-fill  deposi ts ,  

whereas  t h e  S P  c u r v e  f o r  well 3 3  sugges ts  t h a t  a conf ined  channel  has  developed at t h e  sou th  

end  of t h e  f ield,  

T h e  "E'@ sands tone  shows s e r r a t e  blocky pa t t e rns  c h a r a c t e r i s t i c  o f  broad fan-channel-fill  

deposi ts  (fig. 1Pd), On t h e  no r theas t  s ide  of t h e  f ie ld ,  SP  cu rves  f o r  wells  1, 12, and  36 sugges t  

t h a t  a conf ined  f a n  channel  was  eroded there .  

T h e  'CCs' and 'DD" sands tones  appear  t o  r ep resen t  a16 p a r t s  of t h e  submar ine  fan  model  

shown in f igu re  12. T h e  "D" sands tone  (fig. h3e) yields a S P  response  in mos t  wells t h a t  i s  

cons is ten t  wi th  a braided fan-channel  complex  and r e l a t ed  proximal and in t e rmed ia t e  suprafan  

deposits.  Wells 24, 29, and 32 p e n e t r a t e  incised-channel sands having blocky pa t te rns .  T h r e e  

wells p e n e t r a t e  thin sands  t h a t  may have  been  deposi ted on l evees  o r  on loca l  highs on t h e  
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Figure 13a, Distribution and log character of ''Hla9sands-%one, Port Ar thu r  field, 
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Figeare 13b, Distr ibutlsn and log character of "'GI e s a n d s t s ~ e ~  Port Ar thu r  field, 



Figure 13c, Distribution and log charac te r  of "BF' sandstsme, P o r t  Arthear fieid, 
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Figure 13d, Distributiorz and Jog character of ""Ei sandstone, Port Arthur field, 



"8' SANDSTONE 

FO Fa\d!ted out 

u tc  Unable to correla!.e 

0 ;COO 2050 30CC f '  

-,-.- k--l ZZZ Perforoied interval 
Contovr i v i e r v a l r  loit 





suprafan.  T h e  ' C C ' b a n d s t o n e  (fig. 13f) h a s  a broad a r e a  of bra ided  fan-channel  depos i t s  marked 

by e r r a t i c ,  blocky t o  s e r r a t e  SP p a t t e r n s  passing l a t e ra l ly  and downdip in to  i n t e r m e d i a t e  

suprafan  depos i t s  with upward-coarsening cycles. Well I. displays a blocky p a t t e r n  suggest ing a 

deeper ,  incised channel .  Qverbank deposition i s  infer red  t o  have  occurred  at  t h e  southwest  end 

of t h e  f ield (well 35). 

T h e  overlying !'A-1," "A-2," "B," " B - l , ' b n d  "B-2" reservoi rs  a l l  appear  t o  b e  thin turb id i te  

sandstones ( in t e rmed ia t e  suprafan?)  wi th  a f e w  very thin s c a t t e r e d  channel  deposits.  T h e  lower  

' l@,ff  upper 'DY" and lower IFbi s t r inge r s  a r e  s imilar  in n a t u r e  and may have  been  fo rmed  a f t e r  

t empora ry  abandonment  of t h e  suprafan  lobe. 

T h e  SP log p a t t e r n s  of t h e  lower Hackberry  sands tones  ind ica t e  deposition within a highly 

channeled submar ine  f a n  system. Up-section t h e  a v e r a g e  thickness of t h e  channel  sands tones  

decreases ,  T h e  depth  of scour appea r s  t o  have  dec reased  wi th  t ime.  In addit ion,  t h e  l a t e r a i  

cont inui ty  across  t h e  channel  comp!ex i s  g r e a t e s t  a t  t h e  "Csf sands tone  level,  decreas ing  

downward. T h e  "'G" sands tone  i s  t h e  only sand t h a t  i s  easi ly correbatabie t o  well 37 nor th  of t h e  

f k i d .  

T h e  geomet ry  of t h e  submar ine  channels  and t h e  succession of f a c i e s  in t h e  P o r t  Artl-rur 

f ield suggest  t h a t  t h e  lower  Hackberry  unit fo rmed  as a n  onlapping, re t rogradat ional ,  submar ine  

channel-fan sequence  (fig. i4). Initially, d e e p  canyons w e r e  c u t  during headward erosion of t h e  

channels  i n to  t h e  shelf f lanking t h e  Buna barr ierJstrandpbain systena. P o r t  Ar thur  channels  w e r e  

f i r s t  f i l led by a thick,  coarse ,  confined channel  sand b"HH" sand) deposi ted at t h e  head of a f a n  

complex.  If i t  is analogous t o  exposed o r  modern  examples  (Walker, 1979), this  sand m a y  

include grain-flow and laminar-flow depos i t s  as weil as deposi ts  of proximal turbidit)! cur rents .  

As t h e  f a n  accumula t ed ,  t h e s e  depos i t s  w e r e  overlain by proximal channeled  f a n  deposi ts  ("D," 

"E," and 'FVv sands), which occupied a broader val iey in which channel ,  proximal suprafan,  and  

overbank deposi ts  a r e  preserved.  A t  this  s t a g e ,  scouring of t h e  major  P o r t  Ar thur  channel. nor th  

of ehe f ie ld  occurred.  Fu r the r  growth  of t h e  f a n  led  t o  -the deposi t ion of thinner ,  complex  sand 

bodies PBVs and s'G" sa i~ds ) ,  which include thin channel  and suprafan  deposi ts .  Finad deposi t ion 
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Figure 13. Seismic refiectioi?. c!-.sracter of the 14ar:kberrgi in waveler-processed, migrated dip (left) and strike (right) lines, 
Note the ex.trernely poor reilec-tor qualhity li-i the dip-oriented data and the submarine channels shown in the  strike-oriented 
data, 



3" 
1 he  strike-oriented sectisia also shaws  2 c!~a.?nelec! lower surface and Lncweased ;ellecFor 

. " 

cont inui ty  upward; t h e  reflector at 3,03 s (possibiy sand eq:~iva~ent)  exhibi ts  good continuity 

and amplitude, This upward incre3se in reflector continuity suggests t h a t  nzore c o n t i n i n ~ e ~ ~  

. .  anG were  prebabjy ,seposjaea ri-: j j~~ te -  sn ccR".l;l,aqt& slcpe, Fa:&i{:a i.? ;owcier Fie.iO 

. . *- " ,- m ~ l d s t o n e s  indicate shaijow-wa.pr inerj,j-ic) d~po3jt,oj?, as dscramente3 Ill t-ala~lb5f'~ kGUnty 



Figure 16. kisopach map of t h e  A 3  through Vicksbuvg interval, Port Ar thu r  a r e a ,  showing broad 
uplifts and depressions during lower Frie deposition, 

P o r t  Ar.jgh3_;r a r e a  (Morton and o thers ,  19831, t h e  muddy shelf s eaward  of t h e  G r e t a  - Caranca.hua 

(Frio ba r / s t r andpIa in  s:lstern (Gaiduway and others, 19823, and t h e  CEaibsrne progradaLiorz f rom 

Victoria t o  Starr Count ies  ia~ C e n t r a l  and South f ixas ,  

h i t e l  early Frhc Cdepr~si~itm, the deep-water  Hackberry  Ernbaymen% formed and was i i l led 

3; deep-water  shales and chacned sands  (fig. 19)- A pre-Hackberry ~nc 'on f  orrnity (AS) developer  



. . submasine f_=,n dej=ositlon ~ o ~ ! ; c J ~ D ~  

Al: isc.pacl- XZP ~ i - '  t h e  A 3  t.iir.?tigii A4 i:;t%~rva: (jig, 17) & p : ~ t s  t?,&j ~ t r u ~ i , : x ~ j  ejpmejiis 
.> 

,-~ a c ~ i ~ s  during KackSeri~i t ime.  i h e  large upl i f t  In Orangs County split tw; braad 



Figure 18. Structure map ~f the Post Ar thur  area contoured on t h e  fi,4 horizon, 



c u t  across  aTI the salt highs, b3~ t  t h e  highs inf luence  t h e  channeis; channels  tend  to be o r i en ted  

down the pakeoslope, Movement  on t h e  numerous sma l l  g rewth  fa.u%"c shown in f igu re  18 

probably occurred  throughout  Frio "Erne, but  t o t a l  d isp lacements  a r e  small ,  

A f t e r  t h e  s lope  erosion ceased ,  t h e  muddy shelf margin o i  t h e  upper Frio prograded t o  t h e  

McFaddln Ranch  area and  was capped by barr ier-bar  or strandpbk;in sandstones,  During and 

a f t e r  this  progradation,  p r e s e ~ t - d a y  sa l t  domes  and wi thdrawal  basins were  formed (Ewlng, 

1983). 

Subsidence and Water  Dep th  

Piddltional insiglat bnto rhe  geologic history of the west err^ S a c k b e r r y  En?,baymer;~ can be 

obta ined  by plo-kti:>g sed imen t  thicknesses and i n fe r r ed  wa te r  depths agairfi<: geologi.:: time, For 

this  recons t ruc t ion ,  w e  assurne tha t  w a t e r  depths in the  uppar Fr10 (A3 l h r ~ i l g h  172) ~2nd 

Neogene  (A1 t o  t h e  present )  a r e  essential ly zero ,  YJater deppb: ir. e l - , ~  pre-~32,ckberrv  Fr jo is 

poorly de termined;  however,  t h e  presence of fie.-.i-iic io;sminifers  such 2s :\io,.li.zsaria -- $ ~ g g e s ; s  

. -. 
water depths  sf less than  489 f t ,  as disclissed p-e-glc~usly, a. he maximum death cf c~jatgr  'ci3e 

~ * . . Teri-iarj; (El;.~irig, in p-eparatjon), i~/hici-.l, ncjudes pjank-ionrc ~ : j ~ z ~ ~ n ~ g ~ f e ~ a l  ide~-; ' i$i~=;tioli~ 

presented  by Echols and C:irt.ls {1382), Reiative ages may be in error by 0.5 to 8,Q may, in sorne 



EXPLANATION 

7////////: ~iost by e-osioi l  - Cec, ' lo3 i  depth  
.-------- Unconiorm!iy 

Paleontology 

DISC -Discorbis 
l ie? -h'e?e?osIegina 
Morg-iL?org!nu/!no 
Ch - C!b!c,des +ozzord! 
.Wr - !Aorg!nu lino fexcijo 
li/S -,&'onlo.? strumo 
f ib  -Nouosono bi~npiedl  
Tw --,~@xfi/lorla warren! 
J x  -.lackson fossils 
/i!c -h'on~one//o cockfieldensis 

k ~ - : - ~ g  -=- Anahuac 

Upper Frio 

- - - - - -  . - - - - - - Uppei ncckberry  

Lower l iackberry  

d le  F r i o  

Jackson 

t i b i a )  

35 sea lev 

I 
I- 
i 
t I 

t- i 

r Meredith #I Dsornbss 
Port Arthur Field 
IS-49E-4 #7 

bJ 
t (Ma; 

+As+ Marg 
35 sea level 7iv Nb If8 30 A 4  M f A 3  Cn A2 25 3 0  

Co~s1cl  States tii Cornmoreri 
Hildebrandf B ~ y o u  Field 1 IS-48E-9 Y48 

Figure  19, Time-depth curves f o r  t h r e e  wells  in J e f i e r s o n  County showing recons t ruc ted  cvater 
dep ths  and subsidence and sedimenta t ion  history for (a) a we1.l updip of t h e  embayrnent ,  (b) a 
well In P o r t  Arrhur field (interckanne?), and  fe) a well in t h e  Gum Island channe8, Locat ion  of 
wells is shown in r'igure 4. 



ins tances ,  whereas  absolu te  ages  have a g r e a t e r  e r ror  (1 t o  3 meye), The  resul t ing f igu re  

(fig. 19) t h e r e f o r e  i s  no t  numerical ly a c c u r a t e ,  bu t  t h e  gene ra j  dorm of t h e  d iagrams should 

r ema in  t h e  same ,  whatever  t h e  t r u e  a g e  scale m a y  he, E u s t a t i c  sea-level f i u c t u a t i o ~ s  a r e  n o t  

shown, as the i r  magni tude  an6 sirnsng a c e  no t  well de termined:  t he i r  rnclusion wouici not  g r e a t i y  

~ S t e r  t h e  f o r m  sf t h e  diagrams,  

F igure  19 shows t h e  subsidence r a t e s  of a well updip of the  enr~bagrr6ielrat9 a well in P o r t  

Ar thur  field, and a well in t h e  Gum Island channel ,  Subsidence rales within the  ernbayment  

show r h r e e  d is t inc t  periods: l a )  slow subsidence and sedimenta t ion  perhaps Tilling a deep-water  

basin by t h e  t i m e  of t h e  Nodosaria blarqiedi horizon; (2 )  fast subsisrle~ce at 2 nearly cons t an t  

r a t e  through Frio rime; and (39 slower subsidence f r o m  A% "Lo r h e  present .  3 u b s ~ d e n c e  r a t e s  

during F r io  t i m e  w e r e  nearBy twice  as f a s t  in -the Port Ar thur  a r e a  as a.f Hilo'ebrai?dt Bayou, 

which conf i rms t h e  in t e rp re t a t ion  shown in f igu re  17 (Coas ta l  Stakes 6a.rnmareri  l ies  on t h e  

L a  Belle - Loveils Lake ridge? whereas  Meredith Doornbos lies in t h e  basin to t h e  east) ,  

Subsidence at Hildebranda: bayou was nor much g r e a t e r  ~ h a n  t h a t  q d i p  of t h e  -rr,bagrment. As 

noted  ear l ie r ,  subsiderace rates were nor: a fdec t ed  by t h e  deveksprnentoo" the 3ackSerl-y 

EmbaymenrL By e x t r z p o i a ~ l o n ~  t h e  ectiue upper Hackberry shele interval can be accsx;n;~-ed for 

by the  deep-water  embaymen t  being f i%Eed and undergc~dng norsiai scbsidence a f t e r  t h e  

embayrnent  developed- 

Erosion and fijlii-rg of i07;:rer H x k b e r r y  chas-mels occu r  in varying deg rees  thrs~aghou-c t h e  

a r e a ,  The Meredith $1 Doorrhos  xi:ell l i es  1~ aTa in terchannel  sect~on of t h e  PC?$ A-ihur  field; 

t h e  dep th  of erosion on t h e  85 hsnconfarrnitg; rs slaghi, 4 s  shox;: in fzgtnre 17, develsprneuatoob 

t h e  Hackberry  Embaymen t  at tn,s ieratlsr czuld be due  wholly t o  normal subslcience coa~pled 

wnth sediment s t a rva t i an ,  IP c o n t r a s t p  a r  the Coasxal S t a t e s  # I  Carnmarers well aboer 9% i-t of 

pre-Hackberry erosloa has e l i r ~ l n a t e d  most of t h e  Lower and rniddBe Frio s t r a t a .  This channel  

was  then  f i l led wi th  Bower Hackberry sands tones  and shales, T h e  infer red  rnaximz?rn water  

depth is s imilar  br both areas--abou.r !,On0 t o  1,200 f t ,  

I t  appea r s  t hen  that mes t  of t h e  Hackberry  deposition resuj ted  frorn t h e  filling of a  asi in 

c r e a t e d  by subsidence under condit ions od' sednanent bypassing, When bypassing took p lace ,  Eocak 



sand-filled channels  w e r e  carved  in to  t h e  subsiding shelf rriargin, c r ea t ing  a r e t r ea t ing  shelf- 

s lope  boundary and feeding  in to  a n  onlapping submar ine  fan complex, Restor ing  t h e  supply of 

muddy sed imen t  led t o  basin filling, which was  capped by progradation of t h e  barr ier-bar  - 

strandplain sys tem,  

The  quest ion then  arises: What  could have  Ied .to t h e  shunting of t h e  muddy sed imen t  t h a t  

bui l t  t h e  lower t o  rnldd?e F r io  shelf margin? Some sed imen t  was  undoubtedly ca r r i ed  down t h e  

channek sysrern on to  "ie submar ine  far1 cornpiex, Although t h e  sedimenr preserved in t h e  

channels  is rnosriy sand, t h e  f iner  sedirnenss w e r e  p r ~ b a b l y  ~ r a n s p o r t e d  i a r t h e r  i n to  t h e  

Hackberry  Embayment ,  I t  is possible (but  unprovei?) t h a t  ::he 3 a c k b e r r y  Embaymen t  began with 

a few: a c t i v e  cherlnels o f f sha re  of major  sediment  sources  such  as t h e  d e l t a  i r o n t  of t h e  Houston 

d e l t a  sys tem,  These  channels  may have been  similar  to t h e  P le i s tocene  Mississippi canyo8 

(Coleman and o thers ,  1982)- These  of fshore  channels  cap tu red  most  of t h e  f ine-grained 

sed imen t  supply, prevenring mais,fenance 01 t h e  shelf margin and allowing lesser  canyons t o  be 

c u t  i n to  t h e  r e t r e a t i n g  shel i /s iope boundai-y, Whatever  the caeise, t h e  s t a rva t ion  and erosion of  

t h e  ernbayment  was a short-lived phenomenos,, probably !astirig no ionger than  I t o  2 m y ,  I t  

-. . was Gollo-~ed by a s imi lar  period of basin filling before ehe upper .Pr:c, mersjber was deposi-Led, 

Sandstone reservoirs  deposi ted by the idackberry depositioraai sys tem have yielded l a r g e  

amoun t s  of ell and gas  ii- sou theas t  'Texas,  fort:^-five Hackberry oil reserva i rs  had been 

~ - desag.l-ated by Railroad az,omraisslon 02 Texas (1982) 1~ $effe iss ; i ,  Ora~lge, and  Newtoo;; 
CJ 

Counties ,  By t h e  end of !98i (taa31e I), rhese ieser-vl;irs had produced manre than  23 million 

bar re ls  of oil, 81 this  t o t a l ,  Port Neches  and Rose  Ci ty  fields i n  Orange Couslty accoun t  for  

. m o r e  kj~api 1P rfiillion bar re ls  (fig. 20), Some  92 gas reser .vc i~s ,  ~ n c s u d i ~ g  s i zeab le  gas 41elds such 

as Port Acres  and P o r t  Ar thu r9  occur  in  t h e  s a m e  count ies*  

- 
I\id~ hydrccapi=;on plays, ~!;2y I 2,:" play 7.1: car) distinguished :;.ii~hin t h e  14act:ber:-y 

d e p ~ s i t i s r ~ a i  s y ? s . t e ~ l  ('able 2). &lay I i s  r-jativeiy shal low (7,060 to 8,000 4;i) arid aii-prone. St 

ex tends  f r o m  f h e  Har tbu rg  grotjp of f i e ld s  in  Newkon Coun ty  tc tile Marrs AAcLeala field in 



Table I, Oil and gas fields pro6nciv,g fripotal Hackberry reser-$airs according to Wailroad Commission of Texas 
files (Railroad Commission of Texas, 1982). 

Field 

Cumulative 
Discovery Depth bbl to 

Rsservsir date Cftl 1/82 Status 

Oil Fields 

Jefferson County: - - -. - 

Amelia Backberry 3 i'l 1960 7,349 32'7,855 abd, 
E-s;ackberrS; #2 l$6! 7,438 373,314 abd. 
Backb2rry 7.4 14 i 966 7.422 13,838 abd. 

3;g Bill Backberry Sand 1953 9,666 27,968 abd. 
B:- xi?! '$t/est 16 xarl.k'-jfrj->~ 1954 ?0,462 abd. 
China Upper Eackberry 1957 7,494 2 14 347  
China Scileh Kackbefi-y 8-1 1960 7,425 280,765 
Gilbert Woods Backberry 1964 9.908 10,452 abd. 
Hildebrandt Bayox fiackbe~ly: 9.660 1969 9,668 249.095 ebd, 

,, -. 
Hildebraadi Bayoil SZ Hackberry $2 1979 9,646 15,293 
PAarrs Mckean Hackberry FB-6 1968 64,385 
Oak 1sIar:d Lower Hackberry I976 1 1,260 17,800 a'..' &. 
Pheian Backberry 1954 7.832 906,958 

Ha-ckberrij 7,420 L 966 7,428 i.(?41 &d. 
i4ackberi--j 7.490 i 965 7,450 23,449 abd. 

port :>i~rc3 14ackbezry 123,000 1965 ? 0.003 781 abd. 
P C T ~  Acres S!V Lower Hscirber--- 1r 1961 10,637 979 abd. 
Weed Lower Haziiberry 1957 8,004 1 - 1  a!1,836 a53. 

-?  Weed East Haj.kbe-j. 1966 8,829 t34,104 aS$. 
Some Soi.th" - Racltberrx; - 1956 8,076 - q- 5: 7 . 7; , -4 

R a ~ k b e ~ ; ~  8,153 1979 8,148 24,83 , .- 1 

TBTA L: 3efipite 2.575,458 
Q7b~esiionabie 534,56',? 

Bridge City 
Dory East 
Doty South 
DORY Sovithwest 
.r- l=chC! 
Orange 

Pine Forest 

Port Keches North 
Rose City 
Rose :zit?; "orll": 
Rase City Scufln 
S ~ a n n o n  
Vidor YeJopeh 

~ 

*;lackberry 8,836 A -  

L s - ~ e r  H-ackhecrry 
${ackber-rJr 
H3ckbeny stri-.ger 
Hackberry 
Bzcisbej-ry 
Lower Hackberry 
flackCerry 6,900 
Block &c!:berr!r 
(Hacbberrv? - , 
Rackberry C 
{Pas;kbe;.r-/ ; and 3) 

- -, (Hackbeny I and L,j 
Hackbe-irl; 
{Hackber-yj 
Second Ha.ckberry 

8,842 4,688 a'&j. 
8,095 12,042 ak~d. 
8.82 3J4i abd. 
7,368 7,899 abd. 

10,203 ,? 11,507 9 abd. 
?.59C 1 Y' i  P. 13s,iC9 zbd. 
8,468 28 i ,725 
6,908 12,573 
7,055 7,234 
3.743 4,756-042 sb3. 
8 132 

3 - 154,423 abd. 
8,:25 884>70 i 
8,102 12,562,776 
8,:72 3.525 -- P - a  

! J ! 3  75-73; a x .  
7,333 327,524 

]9,'j28,354 

Neb~ton , " Q u ~ ~ T I :  

Martburg North Segment Hackberry 1 0 q ~  / J .  7,355 225,772 
195% Segment B Hackbury 7,243 $ 1 1  abd. 

xarlbprg Norti: ~i~~~ H.- I ~ ~ ? i b ~ i i  -- :-.--- JI 1967 g3945 170,.56a abd. 
Barrburg South Backberry 1954 8,244 75,787 abd. 

n Ra.ckbe~ry c. j9.56 8,238 203,153 abd, 
Hackberry Segment B !956 8,155 7;382 abd. 



Field 

Cumulative 
Discovery Depth bbl to 

Reservoir date @'bB 1 /82  Status 

Newton County (cant,) 
- 

First Hackberry I967 7,92 1 92,957 abd. 
Third Hackberry 1967 8,319 96 abd. 

Hartbul-g West Backberry 1952 7,238 2,962 abd. 

TOTAL 779.377 

Gas Fields 

Jef ferson County: 

Amelia 

Amelia South 
Big Hiil 

Big Hill West 

China South 

French Island 

Gilbert Ranch 
Golden Triangle 

Gulf Refinery 
Gum Island North 

Hildebrandt Bayou 
Hildebrandt Bayou SE 
kovells Lake 
Marrs McEean 

Marrs McLean North 
Oak Island 

Phelan 

Par t  Acres 

Lower Hackberry 
Hackberry 1 A 
Hackberry 
Lower Hackberry 7;700 
Hackberry 8,400 
Hackberry 9.400 
Northwest Lower Hackberry 
Hackberry 10,300 
TJpper Hackberry '3,000 
IHackberry 9,600 
Hackberry A- 1 
Upper Mackberry Sand 
Hackberry 3 
Hackberry 4 
Hackberry 2 
Hackberry 1 
Hackberry 
Hackberry 
Hackberry 
Hackberry C-I 
Hackberry 2 
Hackberry C-3 
Hackberry 4 
Hackberry 10,800(?) 
Backberry 
Hackberry 2 
Frio Hackberry 9,000 
Hackberry FB-3 
Hackberry FB-4 
Hackberry FB-5 
Hackberry EB-6 
Hackberry FB-7 
Hackberry 10,200 
Hackberry 10,700 
Hackberry 10,800 
Hackberry 10,950 
Hackberry ? 1,100 
Hackberry 
Backberry 
Massive Hackberry 
Hackberry 10,300 
Mackberry 7,600 
Hackberry 7,800 
Lo,v;er Hackberry 
Lower EIackberry i0,450 
Mackberry 10,000 
Hackberry 10,000 

14,071 abd. 
1,167 abd. 
1,202 
1,372 abd. 

10,017 abd. 
16.421 abd. 

257 abd. 
2.608 

14,275 abd. 
9,670 abd. 

958 abd. 
274 abd. 
177 
3 2 

587 abd. 
1,877 abd. 

384 abd. 
465 abd. 

3 abd. 
964 

3,332 
740 

18,245 

17,999 
20 7 

61,891 abd. 
55,960 

1,257 
979 abd. 

1,262 abd. 
4,350 

38 abd. 
1,132 
1,501 abd. 

2,230 abd. 
55 abd. 
16 abd. 
45 abd. 

5,860 abd. 
305,081 abd. 

196 abd, 
383 abd. 
7 19 



Table 1, (sent.) 

Field 

Cumulative 
Discovery Depth MMcf to 

Reservoir date (ftj 18/80 Status 

Jefferson County (csnt.) 

Port Acres North Hackberry I0,500 
Port Acres South Lower Hackberry 

Hackberl y 10,700 
Hackberry 10,800 

Port Arthur Hackberry 14-1 
Hackberry A-2 
Upper Hackberry B Srrlnger 
Hackberry B 
Hackberry B-1 
Hackberry B-2 
Hackberry C 
Upper Hackbenry D Sfrlnger 
Hackberry D 
Hackberry E 
Lower Hackberrj E 
Hackberry % 
Backberry G 
Hackberry K 

Sprndletop North Hackberry 8,309 
Hacnbe-rg. 2,000 

Stowell Hackbeiry 10,060 
Mackberry 10,100 
Hackberry 10,400 
Mackberry 10,500 
Hackberry 10,600 
Hackcerry 40,900 

Weed Lower Hackberry 
Weed South Hackberry 

i 972 
I962 

TOTAL 

328 abd. 
672 abd. 

1,576 abd. 
187 abd. 

1,127 abd. 
8,482 abd. 

90 abd. 
200 abd. 

-a33%0 abd. 
13,343 abd. 
13,752 abd. 
6,834 abd. 

616 abd. 
2,470 abd, 

34 abd. 
6,212 abd. 

449 abd. 
1 ahd. 

3,405 abd. 
610 abd. 

7,063 abd. 
96 abd. 

12,01";bbd. 
6.812 abd. 
5,633 abd. 

322 
2,250 

abd. 

665,155 

Orange Comty: 

Orange North Hackberry 1956 7,123 2,344 abd.  
Pine Forest Hackberry 6,900 1980 6,906 47 
Port Neches Hackberry 8,000 1950 7,933 10,950 abd. 
Pore Neches North Hackberry 7,700 1951 7,790 52 abd. 

Frio Hackberry 1949 8,524 364,038 act .  
Vlcior North Hackberry 1956 7,227 3,658 abd. 

TOTAL 38 1.039 

Newton County:" 

Camptown Backberry 6,700 1952 6,712 6,751 abd. 
Hackberry 7,100 1952 7,075 4,411 

Camptown South Morgan Hackberry 1940 6 3  17 35 abd. 
De we ylille Hackberry 1964 6,775 340 abd. 
Gist Hackberry 7,100 1979 7,080 I92 
Hartburg First Hackberry 1956 7.490 1,442 
Zemonville First Hackberry L963 7.255 E71 abd. 

TOTAL: Questionable 13.342 

Jasper County:* 

Adams Ranch First Hackberry 4 960 6,450 3,257 abd. 
First Hackberry Stringer 1968 6,426 903 abd. 
Second Hackberry 1961 6,558 4,456 abd. 



Table 1. (cont.) 

Cumulative 
Discovery Depth MMcf to 

Field Reservoir date ( fo  10/80 Status 

Jasper County (cont.) 
- 

Adams Ranch (cont.) Second Hackberry Stringer 1969 6,538 409 abd. 
Third Hackberry 1955 6,775 9,125 abd. 
Third Hackberry Stringer 1969 6,861 230 abd. 

TOTAL: Questionable 17,390 

Chambers County:' 

Mayes South Hackberry 15 1960 11,361 38 abd. 
Hackberry 16 1960 1 1,463 31 abd. 

Oyster Bayou Hackberry A 1964 9,269 1,970 abd. 
Willow Slough FB-B, Hackberry A 1972 9,465 693 abd. 

FB-B, Hackberry B 1968 9,653 372+ abd. 
FB-B, Hackberry C 1963 10,066 1,182 abd. 

TOTAL: Questionable 4,286 

Liberty County:* 

Cottonwood North Wackberry 7,900 1950 7,913 9,702 abd. 

TOTAL: Questionable 9,702 

"Correlations questionable 

Table 2. Hackberry oil and gas produc~on by plays. 

PLAY H PLAY HI 

Oil (bbl) Gas (MMcQ Oil (bbl) Gas (MMcfB 

DeGnite 17,184,507 133,499 5,561,685 9 12,465 

Questionable 534,567 44,720 none none 

Jefferson County (fig. 28). Play I lies along t h e  updip margin of deep-water Hackberry facies-- 

t h e  "Hartburg flexure" (Bornhauser, 1968)--which is marked by a l ine of growth faults .  Much of 

t h e  gas and some of t h e  oil produced in this  play comes f rom sandstone reservoirs of the  Buna 

barrier-bar - strandplain system ra ther  than from t r u e  I-fackberry sandstones; this  production is  

labeled "questionables' in t h e  tables, The Rose  C i t y  South i ie ld  contributed over 12.6 million 



-. . . P lay  b o u n d a r y  
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Figure  20, Oil and g a s  f ields producing f rom the Hackberry  sands tones  in southeas t  Texas,  
according  t o  t h e  Raiiroad Commission of Texas  (1982), Fields wi th  quest ion marks  probably 
produce f rom shal low-water  Hackberry  s a n d s ~ o n e s ,  

bar re ls  of t h e  17.2 million bar re ls  of oil produced t o  d a t e  ( t ab l e  2)- Sandstones of deep-water  

origin along t h e  Wartburg f l exu re  a r e  s t a c k e d  sand bodies (fig* 5 ) ,  which yield a very  high sand 

pe rcen tage  in t h e  lower Hackberry  in terva l ,  as shown on f igu re  9, The most  productive 

reservoirs  a r e  those  higher in t h e  sand sec t ion  t h a t  have t h e  g r e a t e s t  continuity and t h e  bes t  

seals; t hese  include t h e  ' C C ' h a n d  a t  P o r t  Ar thu r  and t h e  producing sand (equivalent  t o  sB-219 at  

P o r t  Acres.  Trapping mechanisms range  Prom s t ruc tu ra l  (normal f a u l t s  and rollover, a s  a t  Port  

Ar thur)  t o  s t r a t ig raph ic  (updip pinch-out, a s  a t  P o r t  Acres). T h e  reservoir  zones  genera l ly  

consist  of complex  assembl ies  of individual sand bodies, as documen ted  fo r  t h e  P o r t  Ar thur  

sands tones  and  noted  in genera l  by LeBlanc (1977), Because  of th is  complexity,  porosi ty and 

permeabi l i ty  may  vary great4y across  a f ie ld ,  and re l iab le  r e se rve  e s t i m a t e s  a r e  diff icul t  t o  



ca lcula te .  T h e  bes t  gas  f ie lds  appea r  t o  ex is t  in e a s t e r n  Je f f e r son  Coun ty  in t h e  e m b a y m e n t  

f o r m e d  be tween  t h e  L a  Belle - Lovells Lake  r idge and t h e  P o r t  Neches  - Orange  sa l t  upl if t  

(fig. 17)- 

Explorat ion within t h e  t w o  plays i s  re la t ive ly  advanced.  T h e  Hackberry  production of 

P l ay  Bi and of t h e  s a l t  domes  was  establ ished in t h e  1950ss, s o  t h e  development  of t h e  play i s  

f a i r ly  ma tu re .  New fields, such  as Shannon f ie ld  in 1981, a r e  s t i l l  being found in P lay  I, 

however. G a s  production a t  P lay  II was  also establ ished in t h e  1950's by t h e  discovery of t h e  

l a r g e  P o r t  Acres  s t r a t ig raph ic  "cap; however,  explora t ion  f o r  t h e  smal le r  fau l t - re la ted  t r a p s  

awa i t ed  t h e  g r e a t e r  p r i ce  incen%lves of t h e  199Oss, New discoveries ,  such  as t h e  Gum Island - 

French  Island a r e a ,  a r e  s t i l l  being m a d e  in t h e  channel-fan complex  along major  channel  axes.  

F u t u r e  explorat ion fo r  oi1 and gas  reserves  should emp?oy many s t ra teg ies .  Additional 

fauix-strat igraphic prospects  in t h e  channel  complex  of P l ay  II a r e  l ikely t o  b e  found,  A new 

piay m a y  be establ ished st i l l  I a r t h e r  downdip in sorstheasz Je f f e r son  Coun ty  if t h e  i n t e r m e d i a t e  

suprafan  or  ou te r  f a n  f a c i e s  ti-acts corresponding t o  t h e  channels  of c e n t r a l  J e f f e r son  Coun ty  

c a n  be found; such a play would probably yiedd geopressured g a s  f r o m  iarge ,  low-permeabil i ty 

reservoirs.  Finally, a thorough understanding of t h e  complexi t ies  of both overa l l  channel  

g e o m e t r y  and the in te rna l  he terogenei ty  of Hackberry  sands tones  should f a c i l i t a t e  t h e  

discovery of s t r a t ig raph ic  reservoi rs  in t h e  a r e a s  of P lays  1 and IH, Channel  geomet r i e s  m a y  be 

mapped using modern,  i-jigh-quality se ismic  d a t a ,  but  in terna l  sands tone  geomet r i e s  and fluid 

c o n t a c t s  wild not  generai ly be resolvable because  of t he i r  complexi ty  and  depth ,  Determining  

in terna l  geomet r i e s  and fluid c o n t a c t s  will requi re  enl ightened and persevering s tudy of deep- 

w a t e r  sands tone  deposi t ional  processes and  the in f luences  sf syndeposi t ionai  s a l t  mobility. 
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APPENDIX 

Wells Used for Correlation 

Well 
no. 

Well 
depth (ft) Well name 

Amoco # 4  &swell Tmst 
Sun # l B. E. Quinn 

Wemingway & Bartell fil  Arco 
Gulf #3 M. Vidor Land Co. Unit 2  
Sun # l  E. Beaumont Townsite 

Brewster et al. #1 P. Lacy et al. Unit 
Kelly-Elrock #! Arco Fee 

M c a r t h y  # I  Lutcher-Moore Lumber Go. 
Sun et al. # 1  "A" Lutcher-Moore Lumber Co. 
Texas Pacific # l  Lutcher-Moore Lumber Co. 
Coastai States # l  H. 9. L. Stark 
Texas Guif et al. # l  Lutcher-Moore Lumber Co. 
Midwest # 2  Starks 
Tenneco #!-A H. L. Stark 
Penton & Penton et al. 114 Powell 

Crown Central # I  M. Guiterman "'A" 
Meredith e: al, # l  B. Quinn 
Hexaco # l  M. B. Pipkin 
Humble #B-l Broussard 
Stanolind #1 Casweli Trust 
Amerada # l  Lanman Co. 
Sun # l Yyreil 
Magilolia t l Funchess 

Pan American # l  Leftovers, Inc. 
Mecom # I  N. N. Adcock 
Atlantic # I  M. Vidor 
K&M & Halbouty # I  Weiss 
Stanolind #A-2 McFaddin Trust 
Stanoliad #1 Lamar College 
Mecorn # I  Beaumont Navigation District 

Phillips # l  Boise "A" 
Tenneco #1 Lutcher-Moore Lumber Co. 
W. L. Sinclair et a!. # I  Lutcher-Moore Lumber Co. 
Oil Development Texas fi 1 Boise Southern 
Anderson et al. # 1  Eutcher-Moore Lumber Co. 
Texaco #34 Kuhn 
Guif #A-1 Ckswell Trust 
Tennessee Gas # I  Pan American Fee 
Texas Crude #1 N. Stark 
Gulf #1 W. W. Kyle 

Mecorn #2 N. %. Brown 
Mecorn # l  E. W. Brown ST 
Mecom # 2  E. W. Brown 

Revel # l Ward State Tract # 1 
Gulf # 1 Rake 
Prudential # i  F, C. Smith 
Macpet & Dow # l  6 .  D. Clubb et al. 
Coastal States # 1  M. T. Schlicher et al,  
Hunt # l  G. 09Brien 
Pelto # I  First Security Bank et zl. 
Meredith # l Boyt 
Meredith # I  Weed 



Appendix (cont.) 

Location 
Well 
no. Well name 

Humble #C-1 Jefferson Land Co. 
Kilroy #I Wingate 
Gulf # 1 Lindsey 
Gulf #I E. Wingate et al. 
Kilroy #l-B Wingate 
Humble #40 Jefferson Land Co. 
Humble #42 Jefferson Land Co. 
Humble #44 Jefferson Land Co. 

Shell #I  Tyrrell-Combest Realty 
Humble # I  J .  E. Klaver 
Owen #2 F. Mebert 
Harrison et al. # I  State Gaulding Gas Unit 
Shell (Meredith) #1 E. B. Hebert 
Coastal States et al. #I R. Parr 
Halbouty & Pan American #4 H. M. Rosen et al. 
Halbouty #2-A PI. M. Rosen 
Pan American #2 D. id. Cordts 
Texaco #B-1 Bordages 
Rebel et al. # 1 L. Callaway 
Pan American # 1  F. M. Hebert 
Martin # l L. W. Snell 
Martin #1 Griffin Unit 
Harrison #I-A L. B. Broussard 
Pan American #1 W. C. Burrell 
C. H. Sands #1 McFaddin Trust 
Harrison 82-A E. B. Broussard 
Gulf # l  Mi. Doornbos et al. 
Houston Oil & Minerals # ?  Jefferson Co. 

Airport Gas Unit 
Halbouty et al. #8 H. h4. Rosen et al. Gas Unit 
Henderson #2 Doornbos 
Owen # l Rosen 
Pan American #1 Tyrrell-Combest Realty 
Pan American # I  E. 6". Siarcke Unit 
Humble # i  M. E. Young 
Pan American # i  D. I .  Vernon Mcf. Cardts 
Henderson #I -A L. E. Penalec 
Humble # I  L. C. Edwards et al. 
Gulf # I  Lucas Tank Farm 
U.S. Oil of Texas #2-A McFaddin 
Stanolind f 1 J. B. Broussard #I State Tract 
Kirby et al. # I  Garth Brothers 
Meredith (P.moco) # i  Edwards Unit 2 
Humble #2 L. C. Edwards et al. 
Sunset international #3 Edwards et al. Unit 
Halbouty e: al. 63 H. M. Rosen et al. 
Pan American #4 Edwards-Shelby Gas Unit 
Owen # 1  F. M. Heben 
Owen #3 F. M. Hebert et zl. 
Owen #4 F. M. Hebert 
Humble # l  J .  M. Hebert Estate 
Phillips #A-1 Hebert 
Midwest #I H. R. Wunsucker 
Kirby # I  Wedgeworth et ai. 
Humble #I-B J. E. Broussard Trust 
Coastal States # i Cammareri 
Coastal States #1 DiStefzno Jr. 
Texaco #I H. E. Dishman 
Ha1bou.ty & Sohio # 1  Sun-Aubey 
Coastal States et al. # 1  Broussard 
Henderson # I  Sassine 
Signal # 1 Broussard 
Central Southern # I  Broussard Trust 

Well 
depth (ft) 

9.968 
9.905 

13.132 
10.518 
10.474 
9.856 
8.849 
8.539 



Appendix (cont.) 

Location 

-7 
-9 
-8 
-4 
-4 
-4 
-4 
-4 
-4 
-4 

Well 
no. 

56 
5 7 
5 8 
5 9 
60 
6 1 
62 
63 
64 
65 

Well name 
Halbouty et al. #6 Rosen 
Union Sulphur # 1 Galloway 
Owen #1 Ritchey Unit 
Meredith et al. #I Broussard 
Sun # l  Broussard Trust 
Sun #A-l Broussard Trust 
Sun #A-2 Broussard Trust 
Morse # I  Morse-Sun Jordan Unit 1 
Morse # I  9. Talbot 
Coastal States # l M. L. Welch 

Sun # l  Howth Fee 
Trice # l  L. C. Edwards 
Meredith # 1 American Cyanamid 
Halbouty # l Flanagan 
Meredith #1 P. Doornbos 
Meredith #3 Boornbos 
Meredith #I Doornbos 
Meredith et al. #1 Edwards-Shelby Gas Unit 1 
Byron et al. #1 State Lease 21 
Meredith # I  B. Foster 
Meredith #4 Doornbos 
Meredith #5 Doornbos 
Pan American # l  PI. W. Gilbert Fee 
Meredith et al. #2 W. Doornbos et al. 
McCarthy # l  She!by 
Halbouty #2 American Kational Insurance Go. 
Meredith #6 Doornbos 
Prudential # l  T. J. Fortenberry et al. Unit 
Halbouty et al. # I  H. M, Rosen 
Meredith et al. #1 Texas Education Association 
Halbouty #A-l H. M. Wosen et al. 
Halbouty # 1 American National Insurance Co. 
Kilroy et 21. # ?  Doornbos 
Kilroy # 1  City of Port Arthur 
Prudential # 1 Pan Arnerican Fee 
W n  American #3 H. W. Gilbert Fee 
Texaco # I  Port Arthur Refinery Fee 
Halbouty et al. #2 Doornbos 
Prudential #I-A Doornbos 
Halbouty ee al. # I  Doornbos 
Kilroy et al. #2 W. Doornbos 
Wn American #4 H. W. Gilbert 
Meredith et al. #1 Port Arthur Vicksburg Gas Unit 
Meredith et al. #3 Grinnell-Texas 
Haibouty 112 H. M. Rosen et ai. 
Halbouty #5 H. M. Rosen 
Halbouty et aI. # 1  J. T. Shelby 
Meredith # I  J. Y. Shelby 
Pan American #2 H. W. Gilbert Fee 
Meredith # 1 Edwards 
Barnes et al. # I  Swallo~w 
Texaco # I  Park Place Gas Unit 
Kilroy # 1 Booz 
Halbouty # i  E. W. Brown, Jr.  

Standard of Texas $ l Stare Tract 16 
Humbic #1 Sablne Lake Staje Tract 8 
Standard of Texas k l  State Tract 12 
Scogglns et a! Y 1 Donner Propert~es 
Shell #3 State Lease 3460 
Shell 612 State Lease 3463 
Texacc # l  State Tract 3 
Meredith et al. # I  Grlnneil-Texas Co. 

Well 
depth (ft) 

1 1,386 
9,867 

10,844 
8,265 
8,265 
8,251 
8,000 
8,251 
9,511 
9,743 



Appendix (cont.) 

Well 
Location no. 

-3 9 
-3 10 
-8 11 
-8 12 
-2 13 
-1 14 
-41 9 15 

Well name 

Texaco # l  H. J. L. Stark "B" NCT-I 
Texaco $2 H. J. L. Stark "B" NCT-1 
California #2 State Lease 346 1 
California # l State Lease 346 1 
Shell # l  State Lease 3459 
Houston Oil & Minerals # I  State Lease 7555 
Standard #1 State Tract 15 

Sohio # 1  13. C. Hebert Heirs 
Tenneco el al. #1 M. McFaddin Ward 
Amoco # i  "A" McFaddin Ranch 
Magnolia #B-1 B. E. Qulnn 
Sun #25 Broussard-Hebert 
Sun #26 Broussard-Hebert 
Union of California #I  B. C. Hebert Heirs 
Superior ei al. #1 La Belle Ranch "DD" 
Mobii # l  Gill Estate 
Coline # I  Sun-Broussard Trust 
Pure #1 C. E. Ward 
Tenneco # l J. Wilfert 
Hunt & Hebert Trust # I  @. E. Ward et al. 
Sohio # l  H. C. Broussard Estate 1 
McCarthy # l  J. J. Craigen 
McCarthy #B-1 W. B. Davidson Estate 
Genersl Crude # l  Kold 
Sun #if Broussard-Hebert 
Sun #6 Broussard 
Sun #35 Broussard-Hebert 
Sun #37 Broussard-Hebert 
Sun 41 W. K. Foits 
Dow #2-A Hebert-Mroussard 
Sun fi! Carroll Ward 

Houston Natural Gas # l  Broussard Heirs 
Mag~ol ia  #B-1 McFaddin 
Sheil #B-i Hehert-Broussarcl 
Dow # I  D. B. Lavin 
Amoco #B-l McFaddin Ranch 
Shell # 1 McFaddin Cee Cross 
PJorAm #ti McFaddin Ranch 
Rutherford et al. $1 McFaddin Trust 
Houston Katural Gas #! Cee Cross 
Shell #l-C Hebert Ranch 
Magnolia # I  B,  C. Hebert Trust 
Dow #7 Hebert-Eroussard 
Sun #38 Broussard-Kchert 

Sheil #3  McFa.ddin Ranch 
Humble # i  State Tract 38 
Gulf #! Port Arthur Refinery Fee 
California #3 State Lease 3555 
California # I  State Lease 3565 
California #2 State Lease 3565 
Sheii R7 McFaddin Ranch 
Associated # I  Doornbos 

Shell 41 State Lease 3451 
Californis d l  State Lease 3463 
Amoco # I  State Lease 6935 

Well 
depth (ft) 




