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'I'KANSVE:KSIC S K C ' I ' I O N  01 ;  I'lCKhl LAN HASIN, W KS'L' 'L'EXAS 
.\N I )  SOCl'l'f 1 I'AS'I' N ICW kl llX lCOt 

'I'lie 1'ernii:ln I);lsin is tliviclc~tl illto htrtlctural u~ii ts  cac l~  of w l ~ i c l ~  is cl~aractcrizccl 
by a clisti~irtive strati~r;ll)l~it. scctio~i. 'l'l~c, hIi1i11 l ' c r ~ i i i : ~ ~ ~  I ) ;Ls~I I ,  ( : c ~ ~ t r ; ~ l  l)asir~ plat- 
form, ant1 I)elaw:~rt. I \ l o u ~ i l . ; ~ i ~ ~  I) :LS~I I  :1rc1 inclutlctl i l l  tlic transverse scction ~)rescnlc~l  
in this paper. 'l'lic str;~t;l of llic Rl;ii~i I'cr~ni:ui Ifitsin arc tlivitlctl into llte \hrichila- 
.\lbany, Clear I*'ork. ;111(l 1 ) O L I I ) I C  S lo~~l i t i l i l~  #rolll>k, IIic I)ouI)Ie h lo t~~i ta in  group 1)ring 
tlivided into llic S ~ I L  . \ ~ i ~ c l o .  I i l a i~~c .  \\'Iiitrl~ot.>c-('loutlchief. ;rntl ()uarlerm;rsler 
formations. 'I'he forni:ltions of the 1l;lil~ I'crniia~i Ijasin are rcl;rlively unifornl along 
tllc strike, but thicken ;in11 I)cco~~rc morc. marine 11asinw;u.tl. 

'rhe ('entrill I~itsin I,l;~tform is :L recion:~l li1ncsto11c " IiigI~ '' on whit 11 tllerc are 
~~ronounced  changes ill tlic li~ncstone xclion ~)cnctr;~tetl east antl west acl.os> it.  Two 
es1,lanations of these cl~:rnges arc. g c n c r ; ~ l l  ;cc~c~el)tetl. 'l'lle lirst recognizes a n  extcn- 
sion of tlie Capitan reef system I)ortlcrinn tIi(: [)elawnre Ilountain I~asin. llack of 
 lie reel is a lagoonal I:~cich co~nlirising tloloniitic. limestone, s;lntlrto~~c, ;lntl ;unIiytlritc~. 
'l'lie secon(1 rt!cog~~izes :CII ol<lcr ( I ~ ~ l o t ~ t i i i ( ~  1i111t~~lo11t~ ~ I I O \ \ C I I  ;IS 1I1r "\\!l~it(~ li~iie," 011 

tllc erotled surf;tcc of \\fIiicli t l l c~c  is ;l I~elrrogc.~~cot~s tlcl,osil of tlolon~iric. limestone, 
sandstone. ant1 anllytlritc. k11o\v1i B> tlir '' I < ~ O R I I  litlie." 

'fhe strata of the 1)clatvarc R ~ O I I I I I : I ~ I ~  I);,sin r.oml,risr tI1c Ilonct Sprinas l i~ l ic lone .  
t l ~ c  l)cl:lw;~re I \ l o u ~ i t ; ~ i ~ i  ~ ; L I ~ I I S I ~ I I I ~ . ,  tile ( ' ; ~ I I ~ ~ ; L I I  for1ii;~I,io11, 1 1 1 ~  I,t)\vcr t ' : ~ s l i l ~ ~ .  ilppcr 
C:;lstile, antl Kustlcr lorniai io~~s.  Of c>pcci:~l i111crc-at :~rc  tlic ( ' ;q)it:~~i. \vllicl~ is ;I rcc31 
phase of the upper I)cl:~w;~re hlol111t;lin. ;~nll the I.o\vrl. ('astile. wliic.l~ is :I ~ ~ e c u l i : ~ r  
evaporite formation. 

-. .~ .~ 

'I'he most r c c c r ~ t l y  ~~~tl) l ishetl  cr.o>s st.ction o[ the l 'ernl ian 1,asi11 oi 
LVest l'exas ant1 s o u t h c a s t v r ~ ~  Kc\?- h l e s i c o  w a s  tli:~t of 1.:. C. I:tln8artls,; 

~C;eologist, Superior Oil t'o1)1\);111y of ( ' ; i l i io r~~i ;~ .  
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.4tner. Asso<. Petrol. Geol.: 1701. 1 1 ,  No. (1111y, 1t127j, !)I). 721-28. 
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which accompinietl a \re11 prepared discussion of the stratigraphic prob- 
lems of the basin as they were then untlerstoorl. Since that time a wealth 
of new information has become available. Many additional wells have 
been tlrilletl throughout the district, ant1 samples of drill cuttings from 
them have been saved. Much has been written describing the stratig- 
raphy of the Permian outcrop on the margins of the basin, and there 
have been comprehensive discussions of the subsurface stratigraphy. 

In the light of this increased knowletlge the early conceptions of 
the cross section of the basin have changed. I t  is thc purpose of the 
writer to set forth a new interpretation. Plate 2 illustrates correlations 
across the basin, basetl on logs prepared chiefly from microscopic exam- 
ination of cuttings. Plate 3 is an itlealized section through the same weils. 
I'he discussion prrsentetl in this paper relates directly to the Permian 
stratigraphy along this line of section, and only indirectly to the general 
region. 

GENERAL STRUC'CURE AN11 STRATIGRAPIIY '' The Permian basin province is divided into several structiral units 
as illustrated in Figure I ,  each of which is characterizetl l)y a distinctive 
stratigraphic srction. 'I'he units includetl in the transverse section 
prcsentetl in this 1)aI)er are tlcsignatetl the Main Permian basin, 
the Central basin platform, and the Jlelaware Mountain basin. The 
Main Permian basin is an asymmetrical basin in which the Permian for- 
mations are relatively uniform in lithology along the strike, hut thicken 
1)asinward from east to west ant1 change from lad-marginal to marine 
lithology in the same tlirection. 

The Central basin platform is a broad, structural ridge with a huge 
dolomite reef on its western rim. Formations are relatively uniform 
along the strike, hut across the strike there are pronounced gradations 
of the lower formations. Solution of salt and consequent slumping 
have disturbed the upper formations al)ove the reef. 

Jnasmuch as the 1)elaware Mountain I~asin was an area of regional 
subsidence [luring the tleposition of all its known formations, it received 
a great thickness of setliments. In the basin the lower formations are 
remarkably uniform in lithology, but the younger formations show varia- 
tions both in lithology and thickness. 

STRATIGRAPlIY OF MAIN PERMIAN R,\SIN 

On the east side of the Permian basin a broad belt of Permian for- 
mations is exposed from San Angelo a t  the south into western Kansas 
at  the north. These beds are divided into the Wichita-Albany, Clear 
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interval in the stratigraphic section, as reference to Plate 3 shows. I t  
has been well described by Atlams' and is of little direct economic im- 
portance. In the southern part of the Main Permian basin it is overlain 
11y Comanche sants, clays, and limestones. 

, I t  
S'I'~ATIGRAI'1IY OY CENTRAI- Ii,\SIN PLATFORM 

'l'he stratigraphy of the limestone formations of the Central basin 
1)latform is prol)al)ly the most tl[sputed stil~ject to-day among geologists 
sttltlyilig the I'ermian basin, I~ecause of the rapitl and important changes 
i n  section, RS rccortletl in tlrill cuttings from relatively, near-by wells. 
'I'liere are two main ex1)lanations for these changes. One attributes the 
changes principally to gradation in character of sediments of equivalent 
age. 'I'he other attributes the changes principally to overlap relations 
of a heterogeneous deposit on the erotled surface of an older homogeneous 
limestone fornlation. 

'L'he writer's conceptiorl of the Central basin platform is illustrated 
in Plate j. 'I'he limestone formations of this structural unit are distinc- 
tive. It is t l ~ c  writer's o1)irlion that the (lolomitic limestone section of 
the west etlge of the platform is a reef system consisting of the reef proper, 
probably penetrated in Huml)le's Hendrick No. I-A, and a back-reef or 
lagoonal facies of detrital lime-mud beds, algal pisolite, sandstone, and, 
farther east, anlly%te. l'he Hendrick field, located close to the reef, is 
principally in the lhgoonal facies, and its oil seems to be obtained prin- 
cipally lrom pisolite.' 

This reef system is distinguished by its position on a high rim bor- 
dering the Delaware Mountain basin, and by pronounced lateral grada- 
tions from an entirely dolomitic linlestone section, through a facies of 
dolomitic linlestone and sandstone with progressively more anhydrite, 
into a section predominantly anhydrite with some sand and some dolo- 
mitic limestone. This gradation takes place in a directiqn normal to 
the rim of the Delaware Mountain basin and away from it, and is com- 
plete within a distance ranging from 8 to 1 5  miles. 

'l'he reef system is tlefinitely traced in well logs through an arc from 
the Hendrick fieltl to Carlsbacl, New Mexico, where the Capitan reef 

IJohn E. Adams, "Triassic of West Texas," Bltll. Amer. Assoc. Pelrol. Geol., Vol. 
13, No. 8 (August, 1929), pp. 1045-56. 

=Through the courtesy of the California Company, the Shell Petroleum Corpora- 
tion, the Atlantic Oil Producing Company, and the Southern Crude Oil Purchasing 
Company, in August, 19a8, the writer was enabled to examine many sets of cores 
taken from the producing formations and found that almost invariably the oil was 
coming from a pisolite. Specimens of this pisolite sent to David White were pronounced 
to be the alga Gereittella. 

system dips below younger beds. hloreover, the peculiarly clistinctive 
lithology of many of the Hentlrick field cores as shown in ~~olished sur- 
faces is practically iclentical with the lithology of outcrop specimens from 
the Capitan reef systems of the (;uatlalupe Mountains antl the Apache 
Mountains; hence, the reef in the sul)suriace is correlatetl with the Cap- 
itan reef system. 'I'he relations of tile Capitan, 1)elaware hIountain, 
Carlsbatl, Queen, ant1 Seven Rivers formations ant1 membcrs, as stutlietl 
in the field, have been aldy tlescril)ed' I)y Lloytl, Crandall, antl Ijlanchartl 
and l)avis, ant1 it is rliiclly tlur. to tliese data ol)tainetl from outcrol)~ 
that a proper intcrl~rehtion of the sul~surface relatiolis can I)e ~natle. 

The correlation of the " Big lime" section of the eastern part of 

the Central basin platform with the limestone series in the Main Pcr- 
mian basin farther east is still ~)rol)lematical. It may I)e as shown in 
I'late 2, or there may be graclationq into anhyclrite. 

The alternative interpretation of the Central basil1 platform stra- 
tigraphy is illustratetl irl Figure 2. 'I'he Central basin platform is an 
erotled arch in the "White lime," LL fortnation coml)osetl chiefly of white 
and gray clolomitic liincstone aiicl either equivalent to, or oltlcr than, 
the Delaware Mountain. 'I'he Ilendrick fieltl lies on a fold on the west 
rim of the platform. 'I'he platform was overlappetl from the east by a 
heterogeneous deposit calletl the "llrown lime." 'I'his consists of a little 
brown dolomitic limestone, anhydrite, Red-letls, ailtl sand and some 
salt members east of the platform, which, passing westward over the 
platform, thins and grades into brown dolomitic limestolle ant1 sandstone 
with a small amount of anhydrite on the east Hank of the Hentlrick fold, 
and into brow11 dolonlitic limestone on its crest. 

This second interpretation was formerly accepted generally, but 
the results of surface stratigraphic work in the Guadalupe Mountains 
and the evidence of many wells drilled during the past two years in Wink- 
ler County, 'Texas, antl Lea and Eddy counties, New Mexico, have led 
to the widespread, acceptance of the form of the interpretation first de- 
scribed. 

IE. Russell Lloyd, "Capihn Limestone and ilssociated For~~vations of New Mex- 
ico," Bull. Amer. Ass;?. Pelrol. Ceol., Vol. 13, No. 6 (June, 1929), pp. 645-58 

K. II. Crandall, Permian Stratigraphy of Southeastern New hlexico and Adja- 
cent Parts of Western Texas," Bitll. Amer. Assoc. Yclrol. Ceol., Vol. 13, No. 8 (August, 
1929)~ PP 927-44. 

W. Grant Blanchard, Jr., and Morgan J. Davis, "Pennian Stratigraphy and 
Structure of Parts of Southeastern New Mexico and Southwestern Texas," Bull. 
Amer. Assoc. Pelrol. Geol., Vol. 13, No. 8 (August,  gag), pp. 957-95. 



'l'he Permian formations of the 1)elaware Mountain basin are well 
cxposetl at the west sitle of the \)asin and consist of the Bone Springs 
limestone, Delaware klountnin santlstone, Capitan, Lower Castile, Upper 
Castile, and Kustlcr. 

At the west entl of this cross seclion, thc lowest rocks exposed are 
b feet of black limestone and shale of the lower member of the Bone 
Springs formation. 'I'he none Springs limestone is the name given by 
Hlanchard ant1 I)avisl to the lower part of the 1)elaware Mountain for- 
mation as originally tlescribed by Kicllardsonz and has also been de- 
scril~etl I,y other writers as the Bone Canyon formation ant1 the lower 
1)elawarc Mountain formation. Kastward along this cross section, 2,000 

feet of this formation and probably older formations are ~~ene t ra ted  in 
'L'he Pure Oil Company's Quaitl No. I .  The beds penetrated consist 
1)redominantly of black shale, but also contain a little limestone and two 
heavy sand beds. 

In  the itlealizetl cross section (Plate 3)' the top of the Bone Springs 
is extended eastward and raised in an arch to the Central basin platform. 
'l'his correlation is assumed because the Bone Springs is correlated with 
the Leonard by the King I)rothers,3 on paleontologic evitlellce, and the 
Leonard and possil~ly lower Word are correlated with the San Angelo and 
Blaine by Beede,j on the evidence of ammonites. 

The Ijelaware Mountain sanrlstorle, which rests on the Bone Springs, 
consists of 3,500 feet of gray and buff sandstone with a very little lime- 
stone and dark shale in the line of this section. The top of the formation 
throughout the Delaware Mountain basin is a distinctive member of 
dark shaly limestone, grading laterally into black shale, the average thick- 
ness being 50 feet. 

On the southeast flank of the Chadalupe Mountains, the upper part 
of the Iklaware Mountain sandstone grades abruptly into a limestone 
reef facies known as the Capitan formation. 'l'he details of this grada- 
tion as exposed in the walls of McKittrick Canyon are illustrated in 
Figure 3, cross sections made by Robin Willis, Alvin P. Loskamp, an& 

'W. Grant Blanchard, Jr., and Morgan J .  Davis, o p .  cil. 

a(;. R .  Richardson, o p .  cil. 

JP. 1%. King and K. E. King, "Stratigraphy of Outcropping Carboniferous and 
Permian Rocks of Trans-Pecos Texas," H ~ t l l .  i lmer .  .4ssoc. Pefrol.  Geol. ,  Vol. 13, No.  8 
(August,  gag), pp. 907-26. 

4J. W. Beede and D. D .  Christner, "The San Angelo Formation and Geology of 
Foard County," Univ. Texas  81111. 2607 (1~26). 



FIG. 3.-Drawn to natural scale. 
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