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Lower Perm ian (Wolfcamp ian)  strata of the Pa lo 
D u ro Bas i n  cons ist of th ick ,  terr i genous c last i c  and 
carbonate fac ies that were deposited i n  ( 1 )  fan
de lta, (2) h ig h-construct ive d'e lta, (3) carbonate 
shelf and shel f-marg i n ,  and (4) s lope and bas i n a l  
systems. T h rou g h  Ear ly Perm ian t i m e, terr i genous 
detr i tus was eroded from su rrou ndi ng  hig h lands 
and transported by f luv ia l  p rocesses i nto the Pa lo 
D u ro Basi n .  O n  the A mar i l l o  U p l i ft and B ravo Dome,  
exposu res of Precam br ian basement y ie lded l arge 
q uant i t ies of arkos i c  sand and g ravel (g ran ite wash) 
that were depos ited i n  p rog radat iona l  fan-de lta 
systems.  Con com itant ly ,  h i gh-construct ive de ltas 
t ransported su barkos ic  sand and mud i nto the  
southeastern Pa lo D u ro Bas i n  from the Wich ita 
U p l ift, or  the O u ach ita tecton i c  belt in Texas, or 
from both areas. 

D u r i n g  ear l i est W o l fca m p ian  t i m e , h i gh
construct ive deltas prog raded westward beyond the 
shelf  marg i n, i nto deep,  open m ar i n e  water. As a 
resu lt ,  th ick  (200 ft) de lta-front sands were 
depos i ted. By m i ddle Wolfcamp ian  t i me,  the supp ly  
of  terr igenous sedi ment was reduced and she l f  
marg ins  had prog raded far  ir:-tto the  bas i n .  Deltas 
were rest ri cted to the sha llow shel f  beh i nd the she l f  
marg i n  where th in  (50  ft) de l ta-front sands 
accu m u lated .  

A carbonate ban k  and she l f;marg i n  com p lex ,  
pr o b a b l y  c o m p o s e d o f  c a l c a r eou s a l g a e ,  
fora m i n ifers,  and sponges,  was present seaward of 
de lta systems and faced southward i nto the Midland 
Bas i n .  Th i cknesses of strat i g raph i c  seq u ences 
i ndicate that s he l f-marg i n  com p l exes p robab ly  
stood approx i m ately 200 to 400 f t  (60  to 1 20 m) 
above the bas i n  f loor .  

Bas i nward term i n at ion - of shelf-marg i n  strata is  
sharp i n  m any p laces, giv i n g  r ise to thick bas i n a l  
and s l o p e  s h a l es and da rk-c o l o red m i c r i t i c  
l i m esto n es .  L e n t i c u l a r ,  b as i n w a rd-t h i c k e nin g 
accu m u lat ions of sha le occur a long she l f  margi ns i n  
s lope or su bmar i ne  fan-head feeder chan ne ls  that 
served as major  pathways for c last ic i n put  to the  
deep bas i n .  Feede r channe ls  occ u r  near seaward 
l i m its of delta lobes, wh ich  suggests that most deep
water sedi ment was derived from de lta systems.  

 

I nterp l ay between de l ta- lobe advances and 
ep isodes of carbonate ban k  development provided 
a mechan ism for she l f-marg i n  p rog radat ion. As 
d e l t a s  p r o g r a d e d  a c r o s s  s h a l l o w - s h e l f  
env i ronments i nto she l f-marg i n  terra i n ,  carbonate 
p roduct iv i ty was reduced, and l arge quant i t ies of 
f i ne-gra i ned delta ic sedi ment were carr ied i nto the 
bas i n  by feeder chan ne ls .  As a resu l t  of i nc reased 
terri genous sedimentat ion ,  thick sediment wedges, 
or  s u bmar ine fans,  were b u i l t across the s lope and 
the bas i n .  Eventua l ly ,  de lta lobes were abandoned, 
c lear-water condit ions returned, and carbonate 
p rodu ct i v i ty in c reased. Coa l esc i ng carbo nate 
banks accreted bas inward over s lope wedges and 
formed a new shelf marg i n  seaward of the prev ious 
shelf  marg i n .  I :n contrast to hig h ly prog radat iona l  
she l f  marg i n s  i n eastern Pa lo D u ro Bas i n ,  western 
she l f  marg i ns are mai n ly agg radat iona l .  No major 
de l ta systems were p resent to furn ish  l arge 
q u ant i t ies of sedi ment needed for deve lopment of 
th i ck s lope wedges. Conseq uent ly ,  western she l f  
marg i ns were not ab le  to p rog rade s ign i f icant ly .  

R epeated cyc les of s lope-fan sedi mentat ion  
foll owed by carbonate she l f-marg i n  prog radat ion 
q u ick ly  f i lled the Pa lo D u ro Basin. By the end of  
Wol fcampian t ime the bas i n  was transformed from a 
re l at ively deep bas i n  i nto a w ide, per i t ida l  she l f  
env i  ron ment .  

Potent ia l  hydrocarbon reservo i rs occur i n  she l f
marg i n  carbonates, de l ta-front sandstones,  and 
fan-delta arkoses. Zon es of porous (g reater than 1 0 
percent) dolom ite are concentrated near  she l f  
m a rg i n s  a n d  h ave c o n f i g u rat i o n s  s i m i l a r  to 
productive Lower Perm ian she l f-marg i n  trends in 
New Mex ico. De lta�front sandstones ( log-computed 
porosity Of 1 8  to 25 percent) are s i m i lar to produc ing 
delta ic  sandstones of  M o rr is B u i e-B laco F ie lds i n  
N o rth-Centra l  Texas. Porous ( 1 8 percent) fan-delta 
sandstones along the south f lank  of the Amar i llo 
U p l i ft may form reservo i rs s i m i la r  t9 that of the 
M obeet ie F ie ld on  the north  s ide at the Amari l l o 
U p l ift i n  Wheeler  County ,  Texas. 

Potent ia l  hydrocarbon sou rce beds occu r i n  
s lope a n d  bas ina l  env i ronments.  Total organ ic  
carbon generally ranges from 1 to  2 .3 percent by 
we ight  and averages 0.589 percent by w�ight. 





 

Th e Palo Du ro Bas i n  i n  the Texas Panh a n d le is a 
shal low craton i c  bas i n  bou nded on a l l  s ides by 
prom i nent u p l i fts and stab le  she l f  areas ( f ig .  1) . 
Pennsylvan ian  and Perm ian  strata const i tute most 
o f  t h e  s e d i m e n ta ry f i l l  a n d  t o g et h e r  a re 
approx i m ate ly 10 ,000 ft (3 ,000 m) th ick .  L ower 
Perm ian (Wolfcamp ian) st rata consist of carbonat e  
a n d  terr igenous c last i c  sed imentary  rocks that  
preserve paleo-env i ron ments ran g i n g  f rom deep 
mari ne (- 400 ft deep) to sha l low shelf  and delta 
p latform.  Facies p rog raded t h ro u g h  t i m e, and 
sed i ments rap id ly  f i l led the basi n ,  thus transform i n g  
i t  i nto a wide,  sha l low-she l f  env i ro n ment 

The object ives of th is  report are to ident i fy and 
del i neate Lower Per m ian depos i t iona l  syst ems and 
t o  d e v e l o p  a r e g i o n a l ,  p r o c e s s - o r i en t e d , 
depos i t iona l  model  that ( 1) i l l ust rates how the Pa lo 
D u ro Bas i n  was f i l led d u r i n g  Ear ly  Perm ian t i m e, 
and (2) documents the evo l ut ion  of carbonate sh e l f  
marg i n s  as wel l  as. c last ic  de l ta ic-s u pp ly systems 
and c l ast i c  s l o pe- bas i n  feeder  systems .  A n  

i m portant emphas is  is on depos i t iona l  controls of 
she l f-marg i n evo lu t ion .  

A l thou g h  the Pa lo  D u ro Basir:J is v i rtua l ly  
su rro u nd ed by several g iant o i l  and gas f ie lds ,  
p rod uct ion of hyd rocarbons i n  the bas i n  is 
genera l l y  l i m ited to i ts per i phery.  This report 
p resents prel i m i nary sou rce rock data as part of 
cont i n u i ng st u d ies at the B u reau of Econom ic  
G eo logy for pu rposes of assess ing  the petro leum 
potent ia l  of the Pa lo D u ro Bas i n .  

METHODS 

More than 400 electr ic  and sam ple  logs were 
exam i n ed d u r i n g  t h e  cou rse of th e st u dy .  
Strat i g raph i c  c ross sect ions were constructed , 
ut i l iz i n g  representat ive su ites of e lectr ic logs, and 
isopach maps of major  l i thofac ies were a lso der ived 
from e lectr i c logs .  Strat ig raph ic  correlat ions and 
l it h ol o g i c  i n terp retat i o n s  were e n h a n ced by 
i nteg rat ion  of sam p le  log descr ipt ions ,  core 
l i tho logy, and e lectr ic  log patterns.  

 SETTING AND  

The Palo D u ro Bas i n  was f i rst recogn ized as a 
sed i mentary bas i n  as early as 1 926 by Char les N .  
G o u l d  o f  t h e  O k l a h o m a  G eo l o g i ca l  S u rvey 
( N i cholson ,  1960) .  I ts areal extent is approx i mately 
19 ,000 m i2 ,(5 0 ,000 km2) (f ig .  1) . B l ock fau l t i n g  of the 
Amari l lo-W i ch ita U p l i fts and the M atador  Arch in  
Ear ly  Pennsy lvan ian t ime l ed to the forrn at ion of the 
Pa lo D u ro Bas i n  ( Best , 1 963) .  T otten ( 1 956) 
s ugge sted that the bas i n  began fo rm i n g  i n  Late 
M ississ ipp ian  t ime, and deve lopment cont i nLJe d 
i nto the Perm ian Per iod .  

Th e Palo D u ro Bas i n  i s  bou nded by pos it ive. 
Pr ecam br ian basement structu res i n  the su bsu rface 
( fi g .  1) . G ran i t ic  and gabbro ic  ro cks ( 1 . 1  b i l l ion  
years) of  the W ic h ita i gneous prov ince (F lawn ,  
1 956) const i tu te t h e  Amar i  110 U p l i ft ,  wh  i ch 
separates the Palo D u ro Bas i n  from the Anadarko 
Bas in  to the northeast .  A narrow struct u ra l  low 
between the Am ari l l o  U p l i ft and the B ravo Dome 
connects the Pa lo  D u roB as i n  wi th  the Da lhart Bas i n  
t o  t h e  north .  The  latter is  f lan ked on t h e  northwest 
by the S ierra G rande U pl i ft in N ew M ex ico, and  on 
the east by. the  C i m arron Arch . The Pa lo D u ro Bas i n  
merges westward with t h e  Tu c u m car i  Bas i n  i n  N ew 
M ex ico, wh ich  is a lso f lan ked by the S i erra G rande 
U p l ift . B lock-fau lted basement rocks of the R ed 
R iver mobi le  be lt ( F l awn; 1 95 6) , or  M atador Arch ,  
fo rm th e southern bou ndary of t he Pa lo  D ur oBas in' 
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a n d  s e p a rate i t  f r o m  t h e  M i d l a n d  B as i n .  
Convergence of th e Ama r i l lo-Wich ita U p l i fts and 
the M atador-Red R iver Arches forms the eastern 
bou ndary of the H ardeman Bas i n ,  an extens ion of 
the Palo D u ro Bas i n .  

The geog rap h ic  pos i t ion  a n d  structu ra l  g ra i n  of 
the Palo D u ro Basin ho ld  c l u es to the or i g i n  of the 
bas i n .  Severa l fo lds mapped by N i cholson ( 1 960) 
str i ke southeastward from the A mari l l o  U p l i ft ( f ig .  
1). N i cholson suggested that these are seconda ry 
fo lds that forrn ed i n  response to shear  movement 
along the Amari l l o U p l i ft i n  Ear ly Pen nsylvan ian  
t i m e. Wickham ( 1 978) descri bed s i m i lar ly or iented 
fo lds in the Southern O k lahoma, Au lacogen 
( H offman and others,  1 97 4) ( f i g .  1) , wh ich  i nc l udes 
the A mar i ll o:-Wich ita U p l i fts and the Anadarko 
Bas i n .  Accord i n g  to Wickham,  these f o l ds were 
created b y  major  str i ke-s l i p, movement dur i ng 
Pen nsylvan ian  compress ion  and deform at ion of the 
au lacogen' and the O u ach ita tecton ic  be lt .  South of  
the P a lo D u ro Bas i n ,  the Delaware Au lacogen 
(Wa l per, 1977) ( f i g .  1) was defo rmed at the same 
t i me. Deformat ion of the two au lacogens resu lted i n  
t h e  fo rmat ion  o f  many o f  t h e  st ructura l  featu res 
su rrou n d i n g  the Palo D u ro Bas i n ,  i nc l ud i ng  the 
Anad arko, Ard more, M id land ,  and Delaware Bas ins ,  
the Arbuck le  and Amarill o-W i ch ita U p l i fts, and the 
C entra l  Basin P latform .  Prox i m i ty' of the Palo D u ro 
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Figure 1. Index map showing major structural features of Texas Panhandle and adjacent areas, and grid of cross sections used to 
determine regional stratigraphic framework. 

Bas in  to these featu res and the i r  s i m i la r  geolo g i c  
h istory i n d i cate that t h e  Palo D u ro Bas i n  p robab ly  
formed as a resu l t  of deformat ion of the Southern 
O k lahoma and Delaware A u l acogens.  

The Palo D u ro Bas i n  is f i ll ed mostly with 
Pen nsy lvan ian ,  Perm ian ,  and  Tr iass ic  sed i mentary 
rocks ( f ig. 2). A pre-Pen nsylvan ian sect ion cons ists 
of a th in  basal sandstone ( Cam br ian) and sha l low"" 
shelf  carbonates ( O rdov ic ian  and M iss iss ipp ian) 
several h u n d red feet th ick. Fo l low i n g  earl i est 
Pen nsylvan ian defb rrl at ion i n  North Texas, most of 
t h e s e  s t r a t a  w e re r e m o v e d  by  e r o s i o n .  

  

There is no  formal  strat i g rap h i c  d iv is ion  of 
Lower Per m ian rocks in the Palo D u ro Bas i n. The  
sed i mentary bas i n  f i l l  i n  t h is study is  d iscussed i n  
terms of  i n forma l  genet ic strat i g raph i c  u n its o r  

4 

Pen nsylvan ian  depos i t ion of fan-d e lta sandstones 
and sha l low mar ine carbonates p roceeded with 
subs idence in the Panhand le,  form i n g  the Palo D u ro 
Bas i n .  S ha l low mar ine carbonates, bas ina l  shale ,  
and delta ic sed i ments com pose most Lower  
Permian strata (Wolfcamp ian) ,  - whereas th ick  
sabkha  sa l t ,  a nhyd rit e, and  red beds (Handford , 
1979; Pres ley, 1979) make u p most of the M idd le and 
U pper Perm ian sect ion. Tr iass ic f luv ia l-delta ic and 
lacustr i ne fac ies of the Docku m G roup  (McGowen 
and others ,  1 977) and the Oga l la la  Format ion 
const itute most of the rem ai n ing  bas i n  f i l l. 

depos i t iona l  systems. The concept of a depos i t iona l  
system as an i nformal  st rat i g raph ic  u n it was 
i ntrod uced by F isher  and M cG owen (1967) to 
fac il itate su bd iv is ion of bas in  f i l l  i nto p rocess-
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D Shale 
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. DATUM' TOP OF WOLFCAMP 

Figure 5. East-west cross section B-B', showing stratigraphic framework and depositional systems, northern Palo Duro Basin. Normal 
fault in COllingsworth County inferred by abrupt thickening of strata. 

adjacent to fau lt-bou nded sou rces , and in the 
del i neat ion of lobe-shaped iso l i th  patterns.  I n  
Hart ley Cou nty re lat ively dense wel l  spac i n g  
en h a n ced d e l i neat i o n  of  t h i c k ,  l o bate,  n e t  
s andstone iso l i th  patterns ( f i g .  9) , w h i c h  probably 
represent genera l  conf i g u rat ions of fan� de lta lobes. 

,Pos i t ion and or ientat ion  of lobes i n d i cate that i n  t h i s  
example  the sandstones were der ived fr om t h e  
northwestern term i n u s  o f  the A ma ri l l o  U p l i ft .  

Analysis of core sam p l es ( f igs .  1 0 , 1 1 ,  and 1 2) 
and variat ions i n  character ist i c  e lect r ic  lo g patterns 
of Lower Perm ian fan-delta sandstones i nd icate 
re lat ive prox i m ity to th e sed i ment sou rce. Prox i m a l  
fan-delta st rata are characterized b y  th ick ,  m assive 
sandsto n e  seq u e n ces t h at comm o n l y  over l i e  
Precambr ian basement ( f igs .  1 0a and 1 1  a) or l i e  
j uxtapo sed with basement f au lts ( f i gs .  3 ,  5 ,  and 7 ) .  
Prox i mal  fan-delta facies are recorded by  b locky, 
serrated spontaneous potent ia l  patterns with sharp 
u pper and lower bou ndar ies ( f igs .  3 and 5) . I n  d ista l 
env i ronments, t h i n  sha le  beds ( l ess than 1 0  ft th ick)  
are i nterbedded with sandsto ne and m ay represent 
d istri butary-channe l  c lay p l ugs  (W esc ott and 
Eth ridge, 1978) ,  i nterfin ger ing  prodelta c lay ,  o r  
i nterd istr i butary bay m u d .  

Sam p les o f  core that are bel i ev ed t o  represent 
prox ima l  fan-delta facies in d i cate depos i t ion by 
mass wast in g and f luv ia l  processes . Core c h i ps 
from th e Standard O i l  Co mp any B ivens no .  1 2  wel l  
o f  Hart ley C() u nty contai n a large cobb le-s ized 
frag ment of gab b ro with i n  a seq uence of s i lty 
m udstone,  w h i ch i s  thus  i nterpreted as a m atr ix
su pported cong lomerate or  debris-f low deposit .  As 
shown by  B u l l  ( 1 972) , d e b r is-f l ow depos i ts  

7 

c o m m o n l y  o c c u r  i n  m o d e r n  a l l u v i a l  fa n 
env i ronments and are espec ia l ly preva lent near fan 
ap ices ( B u ll ,  1 972 ;  Hooke, 1 967) . Generat ion of 
debr is-flow depos i ts in Low er Perm ian a l l uv ia l  fan 
de l tas m ay have been promoted by steep s lopes 
with i n suff i c ient  vegetat ion  c over, sou rce mater ia l  
that prov ided mud  matr ix ,  and short-l ived ep isodes 
of i ntense ra i nfa l l  ( B u l l ,  1 972 ) .  

M i d-fan braided cha nn el-f i l l  depos its ( f ig .  11 b) 
cons ist of t h i n ,  m u lt i p le  f i n i ng- u pward sandstone 
u n i ts ( f ig .  1 0b )  th at beg i n  with b asal  pebbly ark ose 
( l o n g i tud ina l  bar) overl a i n  by f lat to i nc l i ned 
l a m i n a t e d , m e d i u m - g r a i n e d s a n d s t o n e  
( long itud i n al bar-crest ) .  T h i n ,  m u ddy sandstone 
beds ov er  tops of long i tu d i na l  bars may have 
acc u m u lated at h i g he r  topograph ic  levels dur i ng  
wan i n g  f lood stages (W i l l iams and  Rust ,  1 969) . I n  
the  Standard O i l  Co m pany B ivens no .  7 wel l ,  Potter 
Cou nty, a co arsen i ng-u pward sequence of sandy 
m u dstone  to coarse-g ra i n ed ,  pebbly sandstone was 
i nterpreted as a m in o r  de l ta- lobe depos it .  F i ne
g ra i ned sed iment at the  base of the seq ue nce is 
i nterpreted as i nterd istr i butary bay and c revasse 
deposits.  Du r ing  f loo d  stage, suspended sed iment 
was washed overban k  fr om a f looded channe l  and 
i nto the i nterd istr i butary bay. As f lood stage  ro se, 
the levee a long the marg in of the. ch an nel  was 
eventua l ly  breached by ri s i n g  f lood water, lea: d i ng 
to the format ion  of a m i no r, coarsen i ng-upward fan
del ta lobe.  

Core sam p les of (j istal fan-delta p la i n  an d 
c r ev a s s e  d e p o s i t s a r e c h a r a c t e r i z e d  b y  
i nter lam i nated carb onaceo u s  b lack sha le and 
med i u m- to coarse-g ra i n ed sandstone with p lant 
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Figure 9. Sandstone Iso lith map of Lower Permian strata, Palo Duro Basin. Inferred sand dispersal routes highlight delta systems. 
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Figure 10. Representative cores from proximal fan-delta envi
ronments. (a) Weathered granite or grus directly overlying base
ment. Hartley County, Standard Bivens no. 12, 5,550 ft (1 ,690 m). 
(b) Distributary braided channel-fill sequence composed of three 
fining-upward sequences numbered 1, 2, and 3. Potter County, 
Standard Bivens no. 7, 3,606 to 3,618 ft (1, 100 to 1,102 m). 

materia l ,  bu rrows, lo ad casts, and soft sed i ment 
fau l ts ( f igs .  1 1  and 1 2a, b) . These strata ref lect 
pu lsat i n g  or  f lashy depos i t ion  of sand in normal ly 
low-energy env i ronments.  Sed i ment w as probably 
contr i buted both by chan ne ls  du r ing  f loods and by 
prode lta or she l f  env i ron ments du r ing  storms or  
strong w ind  t ides ( M cGowen , 1 970) . 

Fac ies character ist i cs of modern fan-delta 
analogs i n d i cate that Lower Perm ian ,  parall e l- and  
c ross- l a m i n ated ,  coa rse-g ra i n ed a rkose w i th  
abu ndant cr i no id  debr i s  ( f ig .  1 2c) was probably 
depos i ted in d estru ct i o n a l  bars o r  beac h es 
develo ped a lo n g  the seaward edge of fan-delta 
lobes. Dest ru ct iona l  bars on  the f r inge of Gu m 
Hol low fan delta, Texas Gu l f  Coast, form by 
longshore cu rrent processes or by depos it ion of 
sand from break i n g  waves (M cG owen , 1 970). The 
Ya l lahs  fan  de lta, southeastern Jamai ca, is  a lso 
ch aracterized by coarse-g ra i n ed beac h  deposits 
that form by wave attack of the delta (W escott and 
Eth r idge, 1 978 ) .  

Data col lected from core sam p les ,  c ross 
sect ions ,  and  i so pach maps provided raw mater ia l  
from which a schemat ic  depos i t iona l  model  was 
constru cted (f ig . 1 3) .  Th is  ideal ized model  d i sp lays 
most env ironments thou g h t  to be represented in the
Lower Perm ian fan-delta system,

1 1  

eM. IN. 

°IO 
2 I 
42 6 

3 

b 

2 

HIGH-CONSTRUCTIVE DELTA SYSTEM 

3 

Pro m i n ent e longate and lobate sandstone iso l i th  
patterns,  w h i c h  are para l l e l  to the  pa leoslope i n  the 
southeastern Pa lo Du ro B as i n ,  de l i neate a h igh
constru ct ive or  f luv ia l-do m i nated de lta system 
( F isher  and others ,  1 969; G a l l oway, 1 975b) that 
p rog raded westward i n to t he bas i n  ( f igs .  9 and 1 4) .  
M ost terr igenou s  sedi ment compos i n g  th is  system 
was p robably der ived from the W i ch ita U p l i ft i n  
O k lahoma or  t h e  Ou ach i ta tecto n i c  belt i n  Texas . 
Su perposed delta ic sandstones i n  the Lower 
Perm ian strata i n d i� ate that de lta lobes per iod ica l ly 
p rog raded over 60 m i  ( 1 00 km)  across the bas i n .  
M ax i mu m  cu m U l at ive th icknesses o f  delta ic fac ies 
range from 400 to 900 ft ( 1 20 to 275 m). Several th ick  
de l ta ic  sequ en ces of early W olfcampian age d isp lay 
l ateral fac ies re lat ionsh i ps character ist i c  of bar
f inger  deposits ( F isk ,  1 961 ; F raz ier, 1 967; and 
Ga l loway, 1 968) . Ass oci ated with log- i nterpreted 
bar-fi nger  sandstO nes are frontal  sp lay sandstones 
in p rode lta' sha le ,  and destruct iona l-phase or 
t ransg ress ive l im- estone (f i g .  1 5) .  

These early W olfcam p ian de lta-front sandstones 
( f igs .  7 ,  1 4 , and 1 6) are u p  to 200 ft (60 m) th ick  and 
oc cu r basi nward of the she l f  marg i n ,  su ggest i ng  
that deltas p rog raded i nto the deep bas i n .  I n  
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FlgurE1 12. Representative cores from distal fan-delta plain, 
Interdlstrlbutary bay, and destructional bar facies. Arrows point 
to (a) soft sediment faults, (b) load casts, and (c) worn 
echinoderm fragments. a and c are from Hartley County, 
Standard Bivens no. 12, 3,673 and 3,688 ft (1,120 and 1,124 m) 
respE1ctively. b Is from Potter County, .Standard Bivens no. 7, 
3,659 ft (1, 115 

c o mparison ,  depos ition of thi c k  de lta-front sands 
(> 200 ft) in t he modern b i rd's-foot de lta of th e 
M ississi ppi Ri ver ( Fisk ,  1 96 1 ) i s  thought  to be 
re lated to act ive bas i n  sub si dence caused by 
deposi ti ona l  load i ng and p rog radati on i nto water u p  
to 300 ft (90 m) deep ( F razi e r, 1967) . 

Early Wo l fc a m pia n sh e lf marg i ns  prog raded 
bas i nward over the o ld e r, deep-w ater de lt a  faci es ,  
and terri genous  se d i ment in put was reduced . 
C onseq uent ly ,  . de lt a  prog radati o n  w as not as 
ext ens ive as earl i er ep iso d es,  and most de lta-front 
sands w ere depos ited behi nd the sh elf marg i n  in 
s h a l l ow-s h e lf e n vi ro nm e n t s ,  p rec l u d in g  th e 
form ati o n  of thi ck  de lta-front  seq u ences. S i mi lar ly ,  
Ga l loway and B rown (1972) suggested th at thi n 
prog radat iona l  f aci es of an U pper Pen nsy lvani an 

eM. IN.
00
21 
426 

eM. IN. 
00

c

21 
4 

delta systemi n  North-Central  T exas stemmed from 
depos i ti o n  on a stable ,  sha l low she f . As  a preser:lt
day ana log . th e Gu ada lu pe De lta i n  Texas i� 
characterized by deposi ti o n  i n a  sha l low,  
qu iet body of water (D onaldson and others ,  1 970) .  
I ts p rog rad ati ona l  fac ies a re t hi n .  

D e l tai c san d s t o nes a re s u b a rk o s i c  i n  
composi ti o n ,  fi ne to ve ry fi ne  g rai ne d ,  and conta in
d i s s e mi nat ed c a rb o n a c e o u s  m a t e ri a l .  Lo g 
comp uted p or os i ti es are 1 8  to 25 percent .  

CARBONATE SHELF AND 
SHELF-MARGIN SYSTEM 

Seawar d· o f  f an-delta and h i g h-con structiv e 
de lta system s  Were carbo n ate she l f  and shelf-
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Figure 13. Schematic block diagram showing major subenvironments of a fan-delta system. 

marg i n  com p lexes that are preserved as 400 to 1 ,800 
ft ( 1 20 t0550 m)  of l i mestone and do lom ite ( f igs. 3 ,  4, 
5 ,  6 ,  and 7). The she l f  and she l f-marg i n  system 
formed a re lat ively broad band aro u n d  the Palo 
D u ro Bas i n  and opened southward i nto the  M id land 
Bas i n  ( f ig. 1 6). Mu ch l i ke other she l f-marg i n  
syste ms ( N ewel l  a n d  others ,  1 953; M alek-As lan i ,  
1 970; D u n ham,  1 969; G a l l oway and  B rown ,  1 972) , 
m ass ive ,  s h e l f- m a rg i n  carbo n ate strata th i n  
abru ptly and i nterfi nger  wi th  s lope and  bas i n a l  
fac ies, b u t  toward bas i n  m a rg i n s  these st rata th i n  
gradua l ly  and  i n terf i nger  w i t h  she l f  c last i cs a n d  
p rodelta sha le  ( f igs. 5 ,  6 ,  a n d  7). 

Th ickness and mass iveness of carbonate fac ies 
a re v a r i a b l e  a c ro s s  s h e l f  to  s h e l f- m a r g i n  
e n v i ro n m e n t s. O p e n  s h e l f  c a r b o n ates  a re 
c haracterized by su perposed u n i ts genera l ly l ess 
than 1 00 ft (30 m) t h i c k  that are separated by th i n  
sha les. A t  she l f  marg i ns ,  carbonate strata are 
th i cker (200 to 400 ft) and conta i n  fewer sha le  beds. 
Strat ig raph ic  corre lat ions across she l f  marg i n s  
i n d icate that each m assive carbonate u n i t  proba b ly 
represents an i n d iv idua l  she l f-marg i n  com p l ex that 
stood severa l h u n d red feet above the f loor of a 
depos i t iona l  bas i n. 

Compos i t ion  of carbonate strata depos ited i n  
she l f  env i ronments ref lects m i x i n g  o f  sed i ments 
derived from b iogen i c  and terrigenous sou rces. 
Carbonat e  sam p les from Potter County conta i n  
var iab le  q uant i t ies of s i l i c ic last i c  a n d  feldspat h i c  
g ra i ns. S o m e  carbonate s h e l f  depos i ts have 
d issem i n ated q uartz , and terr igenous-r ich l a m i nae 
(f ig. 1 7a). W el l -sorted, c ri n o i da l  g ra i nstones ( f ig. 
1 7 b) a n d  o t h e r  g ra i n -s u p po rted rocks w i t h  
abu ndant bryozoans,  fusu l i n i ds ,  pe l l ets, and  ooids 
are i n d icat ive of h i g h  organ ic  product iv ity and h igh-

1 4  

energy cond i t ions i n  she l f  env i ro n ments. Fusu l i n id 
l i me wackestones (f i g. 1 7c) suggest depos i t ion i n  
open lagoons. 

L o w e r  P e r m i a n  s h el f  m a rg i n s p ro b a b l y  
consisted o f  expansive shoals and carbonate banks 
i n h ab i ted by dense colon ies of ech i n oderms, 
b ryozoans ,  b rac h i o pods ,  and fus u l i n i ds. I n  
add i t ion ,  and  by ana logy to other Lower Perm ian 
b iohermal  she l f-marg i n  com p l exes i n  New Mex ico 
(Malek-As lan i ,  1 970; Cys and Mazz u l lo ,  1 977; and 
W i lson ,  1 975) , organ isms such as phy l lo id  a lgae, 
Tubiphytes ( p ro b l emat ica l  ca lcareous a l gae) , 
tu bu la r  fora m i n i fera, and sponges m ay have been 
the pr i n C i pa l  com ponents of she l f-marg in banks or 

. b ioherms. These organ isms were not r ig id  frame
b u i l de rs ,  but encrust i ng  and sed i ment-baffl i ng  
forms (W i lson , 1 975). Dominance o f  many  o f  these 
organ isms was p ro bab ly reduced s ign i f i cant ly 
when del ta lo bes i nvaded she l f-marg i n  terra i n. In 
these cases , organ isms to lerant of suspended, f ine
g ra i ned ter r i g e n o u s  sed i m ent  became more 
a bu ndant. 

Comparison to the Mahakam Delta and 
Shelf-Margin System 

A modern ana log to Lower Perm ian  she l f-marg i n  
a n d  h ig h -co nst ruct i ve  de l ta  systems i s  the  
M ahakam Delta and adjacent ma r ine  she l f  a long the  
coast of  K a l i m antan ( Bo rneo) i n  the I ndones ian 
Arc h i pe lago ( f igs. 1 8  and 1 9). Stu d i es by G erard and 
Oester le ( 1 973) and Magn ie r  and others ( 1 975) have 
shown that the Mahakam Delta can be subd iv ided 
i nto delta p l a i n ,  de lta p latform,  delta-front ,  and 
pr odelta env i ronments. Beyond the p rodelta l i e  
carbonate shelf ,  she l f-edge ( barr ier reefs) , and 
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Figure 14a. IsoUth maps of lower' Wolf
campian deltaic sandstones In 
southeastern Palo Duro Basin. 
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Figure 14b. IsoUth maps of middle 
Wolfcampian deltaic sandstones in 
southeastern Palo Duro Basin. 
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Figure 15. North-south cross section through lower Wolfcampian deltaic facies. 

s lope env i ron ments .  The M ahakam Delta is h i g h 
constru ctive and lobate. M ost o f  the  r iver water a n d  
sed i m ent are d i scharged t h roug h  d istr i butar ies i n  
the southern part of the delta .  Th us ,  t h is part o f  the  
delta is dom i nated ( th o u g h  n ot stro ng ly) by f luv ia l  
pr ocesses an d is cu rrent ly prog rad i n g .  I n  contrast, 
the northern half of the M ahakam D elta is  c urr ent ly  
dom i n ated by mar i ne  p rocesses; t ida l  cu rrents car ry 
reworked del ta-fro nt sed i ment u pstream t h rou g h  
d istri butary ch an nels that now funct ion  o n ly a s  t ida l  
channe ls .  

 

The most str i k i n g  featu re of the  M ahakam Delta 
and she l f, as mod ern ana logs to del ta ic and 
carbonate she l f-marg i n  d epos i t ional systems of the  
Lower Perm ian  sequence i n  the Pa lo D u ro Bas i n ,  i s  
the fact that act ive reefs appear  on ly  2 .5  mi  (4 k m )  
north  o f  t h e  prode lta: s lope on  t h e  i n act ive n o rthern 
half  of the de lta. I n  contrast, the  f i rst we l l -develop ed 
l iv in g  reefs occu r 24 m i  (38 km)  offshore f rom the  
southern part of the d e lta. T h i s  modern examp l e  
read i ly  i n d i cates that act ive ly g row i n g  carbonate 
reefs can coex ist with m ajor  p rogradat iona l  de ltas, 
espec ia l ly  in associat ion  with ep isodes of delta lob e  
switch i n g .  A s im i lar  re lat ions h i p  is  env is ione d  for 
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the Lower Perm ian  of th e Palo D u ro Bas in ;  a 
del icate ba lance ex isted between ep isodes of delta 
lobe switch i n g ,  or  prog radat ion ,  and carbonate 
ban k deve lopment .  

SLOPE AND BASIN SYSTEM 

Toward th e axis of the  Pa lo  D u ro Bas i n ,  th ick  
beds of s i lty, sp ic u l it i c  sha le  and dark-co lored 
m icr i t ic l i m estone  a n d  do lom ite l i, e  adjacent to 
massive she l f-marg i n  carbonates. Th is  seq uence of 
f i ne-gra ined sed i mentary rocks was deposited i n  
s lope a n d  bas ina l  env i ro n m ents. 

S lope s ystems are lent icu la r  in str ike sect ion ,  
wedge-shaped i n  d ip  sect ion ,  and they th icken 
bas i nward (f igs.  5 ,  6 ,  and 7). The u pd i p  l i m it of a 
s lo pe success ion  is def ined e i ther  by its term inat ion 
agai nst mass ive carbonate strata of the she l f  
mar g i n ,  o r  by extreme t h i n n i ng where i t  passes 
between two s u pe rpo sed she l f-marg i n  sequences. 
S lope fac ies g rade downd ip  i nto bas in a l  sha le 
fac ies. 

Sed i ment compr is i n g  th e slope se quences was 
probably i ntrodu ced t h rough  passes between 
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Figure 16 Percent carbonate map of LovierPermlan strata In the Palo Duro Basin. Shelf-margin trends correlate with major carbonate 
occurrence. Lines defining lower, middle, and upper Wolfcampian shelf-margin positions Illustrate shelf-margin progradation through 
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Figure 17. Representative cores from carbonate shelf environ
ments. (a) Terrigenous-rich laminae (dark) in burrowed, skeletal 
grainstone. (b) Crossbedded, crinoid grainstone shoal deposit. 
(c) Burrowed lime wackestone from lagoonal environment. 
Cores from Hartley County, Standard Bivens no. 12, 3,200 to 
3,250 H (975 to 990 m). 

carbonate bu i l d u ps or ban ks a long she l f  marg i ns 
and carr ied downs lope i n  su bmar i ne  fan-head 
feeder chan nels (W a l ker, 1 978) . Several offset, 
su perposed feeder chan ne ls  have been reGogn ized 
in the L ower Perm ian  sect ion ( f ig. 8) . Chan ne ls  
occur on bas i nward s lopes of she l f  marg i ns and j ust 
beyond  the prog radat iona l  l i m i ts of fan-delta and 
h i g h-construct ive de lta systems.  A net  sha le  map 
(f ig. 20) i l l ustrates th e m ag n i tude,  geometry ,  and  
or ientat ion  o f  a submari n e  channe l-fi l l  seq uence 
a long the she l f  marg i n .  The extent to wh ich  
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channels cou l d  be mapped was l i m i ted downslope
by d isappearance of su bjacent and su perjacent 
marker beds an d a long str ike by p i nchouts of 
chan nel-f i l l  sha le .  As s hown in f i gu re 20, a sha le  
seq uence was mapped from a prodelta env i ron ment 
across the c rest of a she l f  mar g i n  and downs lope 
i nto a s u b m a r i n e  fan- head feede r  c h a n n e l .  
Th ickness trends i n d i cate that t h e  channel was 
f i l l ed with sed i ment debouched f rom a nearby de lta 
on  the she l f  and transported westward across the
she l f  marg i n  and downs lope toward the bas i n  f loor. 
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Figure 18. Modem Mahakam Delta of Kalimantan (Borneo) and bathymetry of shelf (contours In fathoms). This locality serves as a 
modern analog for Permian shelf and shelf-margin carbonates In close association with a hlgh�constructive delta. 
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Figure 19. Block diagram of,modern Mahakam Delta and shelf. Distribution of facies is analogous to j)ermlan facies systems. 
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Figure 20. Isopach of shale unit that was traced westward from prodelta, across shelf 
margin, and into slope environment. Slope or fan-head feeder channel is defined by 
thick net shale In northwestern Motley County. Shale thins over crest of interpreted shelf 
margin and thickens toward prodelta environment. 

Lower Perm ian feeder channe ls  are longer, 
w ider,  and sha l lower than other  docu mented , 
anc ient submar ine  canyons (tab le 1 ) .  Com parison 
of d i mens ions and character ist i cs of sed i mentary 
fi l l  of these examp les i n d icates that Lower Perm ian  
feeder chan nels had  low downslope g rad ients and  
gent ly s lop ing  wal l s. These character ist i cs may 
i m ply m i n i m u m  occur rences of h i g h ly concentrated 
tu rbid i ty cu rrents. 

M ass ive she l f-marg i n  strata break u p  i nto t h i n  
u n i ts that a re i n tercalated with channel-f i l l  sha le  
and i nterpreted overban k  depos its a long channe l  
marg i ns ( f ig. 8) . Th is  suggests that the contact is not 

. com p l etely eros iona l  and that these chan ne ls  m ay 
be com binat ion  eros iona l  and aggradat iona l  types. 
H owever, p recise re lat ions  are d iffi cu l t  to i nterpret 
owi ng  to l ack  of dense wel l control. Active 
depos i t iona l  va l l eys (as opposed to i n c ised, 
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eros iona l  chan ne ls) occur  in the u p per  parts of 
some modern submar ine  fa ns,  and fans that are 
associated with de ltas com monly have mu l t i p le- . 
l eveed val l eys (depos i t iona l  channe ls?) i n  the i r 
u pper parts (N ormark ,  1 978) . 

Format ion  of feeder channe ls  may have been 
e n h a n ced by u p b u i l d i n g  of s h e l f  m a rg i n s 
concomi tant with per iod ic  channe l  i nc is ion by 
t u r b i d i t y  c u r r e n t s  ( V o n  d e r  B o rc h ,  1 969) . 
U p b u i l d i n g  of adjacent carbonate she l f  marg i ns and 
s lopes relat ive to chan nel  cutt i ng may have been 
caused by b iogen i c  carbonate sed i mentat ion and 
poss i b l y  by syn g e n et i c  cementat i o n. T h ese 
p rocesses wou l d  have a l lowed she l f  marg i ns to 
ma in ta i n  steeper s lopes and h i g her  prof i l es than 
i nterve n i n g  chan ne ls. Thus  channels  cou l d  have 
eas i ly formed as pass ive featu res between b ioherms 
or  carbonate ban ks. 



Table 1 .  Characteristics Of submarine canyons (modified from Walker, 1 978). 

Length Width Depth 
Channel Age, Location mr (km) ml (km) ft (m) Fill 

Meganos Late Paleocene,  50+ 2:-6 1970 s i lty sha le  
Sacramento Val i ey (80+) (3-10)  (600) 

Yoakum M id-Eocene ,  50 10 2950 s i lty ' sha le 
Texas (80) ( 16) (900) 

M ississ ipp i  P le istocene,  50 2 1970 c lay 
Lou is iana (80) (3) (600) 

Hackberry O l i gocene, 15 8 .7  655+ tu rbid i tes and 
Lou is iana (24) ( 14)  (200+)  Sha le  

Roseda le  Late M iocene,  6 1 .6 1 300 tu �b id ites and 
Bakersf ie ld ,  Ca l i forn ia (10) (2�5) (400) sha le 

Gevaram Early Cretaceous,  1 0+ 9 3075 ' s il ty sha le 
I s rae l ( 1 6+ )  ( 15)   (938) 

Cook Early Perm ian ,  3+  1 1 00+ tu rbid i tes and 
West-central  Texas (5+) ( 1 .6) (30+) sha le  

Wolfca m p  Early Perm ian ,  25-30 8 200 sha le ,  m i nor 
Pa lo  D u ro Bas i n  (40-48) ( 13)  (60) sandstone and 

l i m estone 

 O F  S H ELF- M A R G I N  

  

Construct ion  and prog radat ion  of carbonate 
shelf  marg i n s  d u ri n g  Ear ly Perm ian  t ime  occurred 
repeated ly u nder a two-phase mechan ism ( f ig .  2 1 ) .  
Dur ing  t h e  f i rst phase, h i g h-construct ive deltas (or  
fan deltas) prog raded across a she l f  env i ronment 
and term inated near the she l f  marg i n .  I n creased' 

depos i t ion of c last i c  sed i m ent and fresh-water 
d i scharge probably led to a sharp dec l i n e  of 
carbo n ate  sed i m ent  p rod u c t i o n  near  act ive 
d i s t r i b u ta r i es .  M os t  s a n d - s i z e d  t e r r i g e n o u s  
sed i mentwas depos ited i n  de lta-front env i ronments 
on the shelf , but f i ne-gra i ned sed i ment was swept 
seaward past the she l f  marg i n  th roug h  t ida l  passes, 
between b i o h e rm s  a n d  b a n k s .  T i d a l  passes  
fu nneled sed iment  downslope i nto feeder  channe ls  
and submarine  fans .  Cont inued depos i t ion  of  
c last i cs i n  s lope env i ronments formed th ick  
prog radat iona l  wedges of sed i ment. Dur ing  the  
s e c o n d  p h a s e ,  d e l t a  l o be s w i t c h i n g  o r  
a b a n d o n m e n t  o c c u r r e d , ' w h i l e  c l e a r- w a t e r 
cond i t ions retu rned and carbonate produ ct iv ity 
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i ncreased . Carbonate organ isms re-establ ished on 
older b ioherms and constructed new b ioherms on 
sha l low p latforms bui lt  by progradat ion of s lope 
env i ron ments.  Soon carbonate banks and b ioherms 
coalesced and accreted bas iniNard over the c last ic  
fou ndat ion ,  thus  fo rm i n g  a new she l f  marg i n  ( f ig :  
21 ) . O rgan isms on  seaward marg i n s  of ban ks and 
b ioherms probably contr i buted carbonate debr is to 
s lope env i ronments.  As s resu lt ,  add i t iona l  foot i ng  
was formed for  cont i nued seaward prog radat ion of 
tl'le she l f  marg i n .  Apparent ly ,  large vo lu mes of 
terr i genous sediment m ust be depos ited beyond 
shelf  marg i ns i n  order for prog radat ion to occur. 
This was recogn ized by Ga l loway (1975a) , who 
sh owed th at p ro g radat i o n  of l ate Pa leozo i c  
carbonate com p l exes i nto t h e  M id land Bas i n  was 
dependent upon ,  and d i rect ly proport iona l  to, the 
rates at wh ich delta ic and s lope-su bmari ne fan 
p latforms were constructed . W here c last ics are not 
s i g n i f i ca n t  c o m p o n e n ts  o f  s l o p e  syst e m s ,  
carbonate she l f  marg i ns sbow l i m ited prog radat ion .  



Figure 21. Two-phase model illustrating mechanisms of Lower Permian shelf-margin development assuming continuous subsidence. 
Phase I: Delta-lobe progradation to shelf margin accompanied by dispersal of fine-grained clastics across shelf margin via Inlets between 
bioherms or banks and deposition of sediment in feeder channels and submarine fan. Phase I I :  Delta-lobe abandonment or switching and 
resumption of carbonate productivity over clastic slope wedge. Upbuildlng and coalescence of carbonate banks result . in net 
progradation of shelf margin over clastic foundation. Factors that may be considered In alternative models Include effects of eustatic sea
level changes, tectonics, and compaction of slope wedge sediments. 

 

Shel f  marg i ns on  oppos ite s ides o f  t h e  Pa lo D u ro 
Bas i n  fo l l owed d i fferent prog radat iona l  h istor ies.  
Whereas i n d iv idua l ,  h i g h ly p rogradat iona l  she l f  
marg i ns occ u r  a long the eastern she l f-marg i n  t rend ,  
the western she l f  marg i n  d isp lays l im ited bas i nward 
prog radat ion  ( f igs .  1 6  and 22) .  D u ri n g  early to 
m idd le  Wolfcamp ian  t i me,  the eastern she l f  marg i n  
sh i fted westward 1 0  to 3 0  m i  ( 1 6  t o  50 k m )  a n d  near ly 
80 m i  ( 1 30 km)  southward, w h i l e  a port ion  of the 
west e r n  s h e l f  m a rg i n  rem a i n e d  s ta t i o n a ry .  
A p pa re n t l y ,  a re l a t i v e l y  s m a l l q u a n t i ty  o f  
terrigenous sed iment was contr i buted t o  the  bas i n  
fro m  t h e  west, t h u s  t h e  western she l f  marg i n  d id not 
prog rade g reat d istances. However, contr i but ion of 
large q uant i t ies of terr i genous sed i m ent via h igh-

const ruct ive de l ta  systems on the eastern she l f  and 
fan-de l ta  systems a l o n g  t h e  A m ar i l l o  U p l i ft 
promoted shelf-marg i n  prog radat ion .  

By late Wolfcamp ian t i m e, she l f  marg i ns had 
p rog raded southward in to the northern M id land 
Bas i n ,  and the Palo D u ro Basi n was transformed 
i nto a w ide, l ow-re l i ef, per i t ida l-she l f  env i ronment 
( f ig .  22) . B u ria l  of the Amar i l l o  U p l i ft and other 
su rrou n d i n g  h i g h lands cut off the i m m ed i ate supp ly 
of c last ics to m ost of the Panhand le  reg ion .  In  the 
northwestern part of the Da lhart Bas i n ,  however, 
she l f  carbonates i nterfi nger  and p inch  out latera l ly 
i nto red mudstones and sandstones that probably 
were depOSited in a terr i genous m udf lat system 
g rad i n g  landward i nto an a l l uv ia l/eo l ian p la i n .  

 PETRO L E U M R ES E RVO I R   

Hydrocarbon fai rways may be present in  at  least 
th ree fac ies: ( 1 ) she l f-marg i n  carbonates, (2) de lta
front  sandstones,  and (3) fan-delta arkoses ( tab le 2 
and f ig .  23) . Each fac ies i s  prox i m a l  to potent ia l  
sou rce beds and cons ists of porous st rata that are 
cont iguous with re lat ive ly non porous sea l i n g  beds. 

SHELF-MAR G IN CAR BONATES 

Lower Perm ian  carbonate she l f  and shel f
m a rg i n  fac i es a re c o m m o n l y d o l o m i t i z e d .  
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Strat i g raphy of do lom ite and reg iona l  d iscordancy 
of do lom ite-l i m estone contacts ac ross the bas i n  
i n d i cate t h at L o w e r  Perm i a n  d o l o m i te is  a 
d i agenet ic rep lacement m i nera l .  I t  is reg iona l ly  
nonstrata l ,  exh i b i t i ng  cross-cutt i n g  re lat ionsh i ps 
with apparent bedd i n g  and fac ies bou ndaries ( f igs .  
4 ,  5 ;  6 ,  and 7 ) ,  and it  i s  more porous a long she l f  
marg i ns .  M utua l  occu rrences of poros ity trends and 
do lom ite a long she l f  marg i ns suggest that the two 
have a com mon genesis .  Mechan isms respons ib le  
fo r  do lom it izat ion  and  poros ity en hancement may 
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Table 2. Potential stratigraphie hydrocarbon reservoi rs in the Palo 
Duro Basin and producing analogs. Porosity values calculated from 
wel l  logs . .  

Reservoir 
facies Porosity 

Shelf-marg i n  > 10% 
carbonates 

Del ta-fro nt 18 to 25% 
sandstones 

Fan-delta 18% 
arkoses 

be fu ndamenta l ly re lated to d iagenet ic  processes 
i n herent to she lfmarg i ns �  Trace e lement and stab le  
isotope geochem ica l  data, i n  conj u n ct ion  w i th  
petrograph i c  i n format ion ,  are necessary, however, 
to eva luate properly any hypothes is .  These data are 
cu rrent ly u n ava i l ab le .  

Accord i n g  to dens i ty ,  son ic ,  and neutron logs,  
the poros ity of Lower Perm i an she lf-marg i n  
dolom ites i s  com mon ly  g reater than 1 0  percent .  
Porous zones are sea led l atera l l y  in bas i nward 
d i rections by cont ig uous s lope and bas i n a l  sha le ,  
and she l fward by i nterfi nger i n g ,  non porous she l f  
l i m estone and prodelta sha le .  Th in  sha les and 
anhydr i t ic  do lom ite that over l i e  porous zones 
prov ide vert i ca l  seals .  The  E m p i re-Abo and Kemn itz 
F ie lds ,  N ew Mexico,  are coeva l ,  p rod u c i n g  she l f
marg i n  ana l ogs. I n  each f ie ld ,  porous reservo i r  
rocks are sea led l atera l l y  by non porous she l f  and 
bas i n  to � Iope fac ies (Ma lek-As l a n i ,  1970; LeM ay ,  
1 972) . Th in  s lope or bas ina l  sha les cap the Kem n i tz 
reef cyc le .  i n  a manner  s i m i la r  to Lower Perm ian  
she l f  marg i ns i n  the  Pa lo D u ro Bas i n .  Porosity of the 
reservo i r  fac ies i n  Kem n itz F ie ld  reaches 18 percent 
and averages 8 percent .  The prod u c i n g  l i m estone  
fac ies is characterized by  pr imary i nterg ra n u la r  
poros ity (Ma lek-As lan i ,  1970) . I n  contrast, the  
reservo i r  fac ies of the E m p i re-Abo F ie ld  is fractu red,  
vuggy do lom ite for which the  u p d i p  seal is  
anhydr i t ic  do lom ite and sha le  ( L eM ay,  1972) . 

The potent ia l  for entrapment of hydrocarbons i n  
Lower Perm ian  she l f-marg i n  fa i rways m ay be 
enhanced by reg iona l  structu re. I nterp lay between 
the depos i t iona l  str i ke  of porous she l f-marg i n  
t rends a n d  t h e  subsu rface e levat ion  o f  t h e  top of the  
Wolfcamp ian  i n terva l p robably has determ i n ed 
reservo i r  and sea l i ng bed relat ionsh i ps :  The  top of 
the Wolfcamp ian Ser ies s lopes southwestward ly  
and al most normal  to the str i ke  trend of the she l f  
marg i ns ( f ig .  23) . Thus  potent ia l  hyd rocarbon 
reservo i rs in the  western shelf  marg i n  may be sea led 
u p d i p  (northeast) by fac ies of the  s lope and  bas i n  

Contiguous Producing 
strata analog 

Shale and Emp i re-Abo F ie ld  
do lom ite and Kem n i tz F ie ld ,  

New Mexico 

Sha le Morr is  Bu ie-Blaco 
F ie lds ,  Texas 

Sha le and Mobeet ie  F ie ld ,  
basement Texas 
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system , and prodelta sha le  and non porous she l f  
l i m estone are most  l i ke ly to have sea led eastern 
she l f-marg in  reservo i r  fac ies. 

DELTA/FRONT SAN DSTON ES 

I n  southeastern Palo D u ro Bas i n ,  porous de lta
f ro n t  s a n d s t o n e s a r e  f a v o ra b l e ,  p o t e n t i a l  
hydrocarbon reservo i rs .  As s hown earl ier  ( f igs .  1 4  
and 1 5) ,  t h i ckest sandstones occur  i n  lower 
Wolfcamp ian  rocks, and th i n ner deltaic fac ies are 
characterist i c  of m idd le  Wolfcampian  rocks. I n  both 
cases, san dstones are cont ig uous with f i ne-gra ined 
se� i m ent that cou ld  have served as both sou rce 
b e d s  fo r  h y d roca r b o n s  a n d  s ea l i n g  b e d s .  
Dewateri n g  and com pact ion  o f  prodelta m u d s  may 
have f lushed hyd rocarbon-bear i ng  f l u ids i nto 
a d j a c e n t  p o r o u s  d e l t a- f ro n t  s a n d s t o n e s .  I f  
structu ral c los u re with i n  delta ic fac ies is  p resent, i t  
m ay h ave b e e n  p r o m ot e d  by d i f fe ren t i a l  
com pact ion and thus  led t o  creat ion o f  early 
hyd rocarbon traps ( F isher  and others ,  1969) . 

Facies, depos i t iona l  sty le ,  and tecton i c  sett i ngs 
of the  Lower Perm ian  delta system i n  the Pa lo D u ro 
Bas i n  and  U pper Pen nsylvan ian  (C isco) delta ic 
sandstone reservo i rs a long the Eastern Shelf ,  North
Central Texas (Ga l loway and B rown , 1972), are 
s i m i la r. In both areas, delta systems d ispersed 
sed i m ent across she l f-marg i n  c rests and i nto s lope 
env i ronments. F u rthermore, l i ke the  Eastern S helf ,  
the southeastern Pa lo D u ro Bas in  is  re lat ively 
u ndeformed;  reg iona l  dip (e levat ion of top of 
Wolfcam pian Ser ies) is  apprOX i m ate ly 30 ft (10 m) 
per mi to the southwest ( fi g .  23) .  

T h e  Morr is B u i e-B laco F ie lds ,  wh ich  prod uce 
f r o m B l u f f C re e k  ( U p p e r  P e n n s y l v a n i a n )  
d i st r i b ut a ry c h a n n e l  a n d  c h a n n e l - m o u t h  bar  
sandstones in  the Eastern S he l f  (Ga l loway and 
B rown ,  1972) , are probably s i m i lar  to potent ia l  
hyd rocarbon reservoi rs i n  Lower Perm ian delta ic  
fac ies of the Palo D u ro Bas i n .  
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FAN-DELTA ARKOSES 

Th ick  arkos i c  sandstones or  g ran ite was h ,  wh i ch 
f lank the  Amar i l l o  U pl i ft i n  northern Pa lo D u ro 
Bas i n ,  may contai n fai rways for potent ia l  o i l  and gas 
ent ra p m e n t .  T h ese depos i ts  i n terf i n g e r  w i t h  
prodelta sha le  a n d  s h e l f  l i m estone;  i n  u p d i p  
d i rect ions ,  sandstones abut t h e  Amari l l o  U p l i ft .  I n  
some p laces, sandstone i s  i n  apparent contact wi th  
u p l i fted fau l t  b locks ( f ig .  5) a long the Amari l lo 
U pl i ft ,  and may h ave b locked u pd i p  hydrocarbon 
m i g rat ion .  Log-computed poros ity in fan-delta 
sandstones averages approx i m ately 1 8  percent .  

In  Wheeler Cou nty, Texas,  w h i c h  is  centered 
with i n  the Anadarko Bas i n ,  Pennsylva n i an g ran ite 
wash p rod u ces hyd rocarbons in the M obeet ie F ie ld .  
P rod u c i n g  fac i es i n c l u d e  f a n - d e l t a  p l a i n ,  
i nterdelta ic p l ai n ,  and c revasse sp lay arkose 
( Becker, 1 977) . E rx leben ( 1 975) reports that 
sandstones o,f a Pen nsylvan ian  fan-delta system 
prod u ce hydrocarbons i n  Wich ita and  Archer 
Count ies .  

SOU R CE B E DS 

Althou g h  Lower Perm ian porous reservo i r  fac ies 
are abu ndant in the  Palo D u ro Basi n ,  q u est ions 
concern i n g  the presence and q ua l ity of potent ia l  
petro leu m sou rce beds m ust be reso lved before the  
t rue  petro leu m potent ia l  of the bas i n  can be fu l l y  
eva luated . I f  commerc ia l  q u ant i t ies of  petro leum are 
present i n  the  bas i n ,  they were probably generated 
by thermal transformat ion  of kerogen or orga n i c  
matter d u ri n g  bur ia l  o f  sou rce rocks. The  q uant i ty 
and variety of pet ro leum generated are re lated to 
the concentrat ion  and type of organ i c  matter 
present ( Dow, 1 978) . 

D ri l l  cutt i ngs that are rep resentat ive of a l l  major  
depos i t iona l  systems fro m  various geog raph i c  
loca l i t ies i n  t h e  P a l o  D u ro Bas i n  were ana lyzed for 
total  orga n i c  carbon content .  O ngo ing  stu d ies w i l l  
s u bseq u e n t l y  p resent  kerog en  a n d  v i t r i n i te  
ref lectan ce data. F i g u res 24 , 25, and 26 i l l ustrate the 
d istri but ion of organ i c  carbon in  sam p les across the  
bas i n .  

Resu l ts conf i rm that sha le  a n d  dark m i c rites 
from s lope and bas ina l  env i ronments are the most 
l i ke ly potent ia l  sou rce beds. The  mean total o rgan i c  
carbon content is  0 .589 percent b y  we ight  (57 
sam p les) . H ig hest val ues were determ i n ed from 
s lope and bas i na l  sed i m ents i n  H art ley ,  A rmstrong ,  
B riscoe, F loyd,  M ot ley ,  and Swisher  Cou nt ies ,  
where va l u es genera l l y  ranged from 1 to 2 .3 percent 
by weight orga n i c  carbo n .  S he l f  carbonate deposits 
are low i n  organ ic  carbon;  mean content is  0 .238 
percent (31  sam p l es) . Anomalous ly  h i g h  va lues 
were obta i n ed fro m  u pper Wolfca m p  carbon ate i n  a 
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Don ley Cou nty sam ple ,  wh ich  corresponds to the 
same fac ies and strat i g raph ic  i n terva l ( "Brown 
dolom ite") as that wh ich  prod uces hyd rocarbons i n  
t h e  nearby Pan hand le  F ie ld  (Totten , 1 956) . 

, Of the few samp les from delta ic and fan-de lta ic 
env i ron ments that were ana lyzed, a l l  have less than 
0 .450 percent by weight  tota l  organ ic  carbo n .  
A l though re lat ive ly low, th is  mean va l u e  is  i n  
accordance w i t h  expected lower concentrat ions i n  
delta ic fac ies.  A reas o f  h i g h  sed i mentat ion rates , 
such as de ltas, shou ld  conta i n  sed i ments wi th  
re lat ively low orga n i c  carbon concentrat ions ( Dow, 
1 978) . H ig h  sed i m entat ion rates effect ively d i l ute 
the accu m u l at ion and concentrat ion of organ i c  
matter. Cu rrent ly i n  a reas o f  major r iver ru noff, 
terrestr ia l  organ ic  matter der ived from h i g her  land 
p lants is most common (Dow" 1 978) . Terrestr ia l  
organ ic  m atter is genera l l y  depos i ted u nder 
ox id i z i ng  cond i t ions in delta ic fac ies and w i l l  
pr imar i ly  y ie ld  gas. T h u s  fan-delta a n d  delta
sandstone reservo i rs m i g h t  be expected to prod uce 
gas i n  the  Palo D u ro Bas i n .  

Figure 24. Index map showing locations of exploratory wells 
from which drill cuttings were analyzed for total organic carbon. 
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Locat ions of exp lorat ion  wel l s  across the Pa lo 
D u ro Bas i n  are random with  respect to fac ies 
patterns, suggest i ng  that the bas i n  has not been 
systemat ica l ly  exp lored . D ri l l i n g  act iv i ty appears to 
h ave b e e n  d i c tated by st r u ct u ra l  t re n d s ;  
conseq uent ly ,  exp lorat ion  tec h n i q u es for facies 
control over hyd rocarbon entrapment have been 
i gnored . For examp le, shel f-marg i n  trends have not 
been thorough ly exp lored.  

 

( 1 ) Fou r major  depos i t iona l  systems const itute 
the Lower Perm i an strat i g raph ic  seq uence in the 
Palo D u ro Bas i n .  They are ( 1 ) fan-delta system ,  (2)  
h i g h-construct ive de lta system ,  (3) carbonate she l f  
and she lf-marg in  systems,  and (4 )  s lope and bas ina l  
systems .  

(2 )  Fan-de l ta depos i ts  a re co n cent rated 
predom i nant ly i n  the northern half of the bas i n  
where t h e  Amar i l l o  U p l i ft a n d  B ravo D o m e  were 
exposed to su baer ia l  w�atheri ng  and eros ion .  H i gh
c o n st r u c t i ve d e l t a  syst e m s  p r o g r a d e d  i n to 
southeastern Palo D u ro Bas i n  from an eastern 
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t o. C. (%) T. O. C. (%) 

Data suggest that successfu l exp lorat ion for 
strat i g raph ic  t raps i n  the  Palo D u ro Bas in  w i l l  
req u i re carefu l b u t  i m ag i nat ive approaches to 
strat i g rap h i c  corre lat ion  and fac ies mappi ng .  To be 
successfu l ,  petro leu m  geolog ists m ust be acute ly 
aware of the  facies patterns,  the depos it iona l  
models �  and the myr iad of physical  and b io log ica l  
p rocesses t h at c o n t ro l  fac i es c h a racte r ist i cs ,  
vert ica l  seq uences, and fac ies d istri but ion .  

source. C last i c  fac ies of both de l ta  systems 
i nterf inger  bas i nward with she l f  carbonates , bas ina l  
sha les,  or  both .  

( 3 )  M ass ive carbonate strata, represent i ng  
sha l low-she l f  and she l f-marg i n  env i ronments, form 
a broad band around  most of the bas i n ,  open ing  
southward i nto the  M i d land Bas i n .  The shelf  marg i n  
stood a s  m u c h  a s  200 to 400 ft (60 t o  1 20 m) above 
the adjacent deep bas i n  f loor .  

(4) Sed i ment derived from prog rad i n g  de ltas 
was carr i ed t h roug h  t ida l  passes between b ioherms 
and banks and depos ited i nto submar ine feeder 
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Figure 26. Total organic carbon versus depth for Elxploratory wells in central and southern Palo Duro Basin. Values are related to 
depositional systems observed in logs from each well. 
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channels  that developed a long the she l f  marg i n  and 
s lope env ironments. Eventua l ly  most of th is  
sed iment was transported by feeder  chan ne ls  i ntc 
the deeper  parts of  t h e  bas i n .  C o nt i n u ed 
sed i m entat ion  resu lted i n . t h i ck  wedges of s lope 
sed iment,  wh ich  l ater served as fou ndat ions for 
prog rad ing  she l f  marg i ns .  

(5) Where c last ic  i n put was low,  as i n  the 
western Palo D u ro Bas i n ,  sh elf  marg i n s  tended to 

 

This  study was made poss i b le  t h ro u g h  fu nds  
g ranted to  the B u reau of  Econ o m i c  Geology by  the 
U . S. Department of Energy under  contract n u m ber  
DE-AC97-79ET-4461 4  for  the  pu rpose of locat i n g  
f ie ld conf i rmat ion stu dy areas fo r t h e  iso lat ion  of 
n u clear waste in the Palo D u ro and Dal hart Basi ns .  
L .  F .  B rown ,  J r . ,  D .  K .  Hobday, and M .  W. Pres ley 
rev iewed the man uscr i pt and d iscussed vari ous  
aspects of  the s tudy w i th  the wri ter. S .  P .  Dutton 

29

agg rade; where c last i c  i n put was h i g h ,  as i n  the 
eastern Palo D u ro Bas i n ,  shelf  marg i ns prograded. 

(6 )  Porous  fac ies of s h e l f- m a rg i n ,  h i g h
constructive de lta, and fan-delta systems are 
p o t e n t i a l  h y d ro c a r b o n  r e s e rvo i rs .  H i g h es t  
concentrat ions o f  organ ic  carbon occu r i n  s lope 
and bas i na l  shales .and are cons idered the most 
l i ke ly  pote n t i a l  sou rce beds fo r petro l e u m  
generat ion .  

shared analyses of u n der ly i ng  Pennsylvan ian 
System i n  the  Palo D u ro Bas i n .  Pau l Fredericks 
constru cted strat i g rap h i c  cross sect ions .  Bu reau of 
Econom ic  Geol ogy person ne l  at the Wel l Sam p le  
and Core L i b rary, Ba lcones Research Center, 
retri eved co res and dr i ll  sam p les and prepared 
petrograph i c  t h i n  sect ions .  The cartog rap h i c  staff 
u n der the  superv is ion of J. W. M acon drafted a l l  
maps  and cross sect ions .
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