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DEPOSITIONAL FACIES OF GRAY BURGBAN 
ANDRES DOLOMITE RESERVOIRS - 

CENTRAL BASIN PLATFORM, PERMIAN BASIN 

R. A. Gatber 
P, M, Harris 

Chevron Oil Field Research Company 
P. 0. Box 446 

LaHabra. CA 90631 

Po- dolomites of the GrayburgISan -And- 
Formations (Permian, Guadalupian) fonn major 
hydmcarbon r-oirs dong the eastern edge of thc 
Cenbal Basin Platform of the Permian Basin- 
Although Galloway and others (1983) and Ward and 
others (1%) have desaibed the regional gcologicat 
setting for these dolomites and summarized cxamgles 
of field studies, a comparison of the facics and 
porosity types between fields 1,ving along thc trcnd as 
revmled by detailed study of conventional corn has 
not been presented. The following brief tact and 
illustrations are an attempt to analyze the 
Crayburg/San Andrcs interval from t h m  fidds and 
to compare these examples with published data from 
additional fields 

?he complsd ty of Grayburgf San Andm dolomite 
reservoir intervals on the Central Basin Platform has 
previously been demonstrated within the following 
fields located from south to north along a 105 milc 
portion of the eastern edge of lhc Gntral Basin Plat- 
form: (1) Yates Field (Donoghue and Gupton, 1957; 
Gaig, 1985); (2) MdElro). Field (Long-, 1980,1953; 
Harris and othcrs, 1984); (3) Dune Ficld (Bcbout and 
Leary, 1985); (4) Foster Field (Young and Vaughn, 
1957); and (5) &leans Rdd (Goo~gc and Stile, 193). 
A mmparison of the lithologia1 d d p t i o n s  and 
depositional models for these fields shows that 
although substantial local variation exists, the 
overall more generalitEd vertical scqucntc and 
particularly the occumnce of porous shoal grain- 
stones is strikingly similar. It is this dpparcnt 
regional similarity that has promptcd us to conduct a 
pilot coxe mdy to investigate the \*wtical scqucncc a 

little more ciosely and ampere fades and pMlosity 
typesbctwecn fields. 

REGIONAL STUDY 

Data prcscnted in this shidy ames from the 
foflon4ng t h m  wclls FI~. 1): the Gulf Oil J. T. 
McElroy Cons. 223-R, located in McElroy Field in 
Crane County; Gulf Oil E N. Snodgras No. 35, from 
Waddcll Ficld in Gane County; and Gulf Oil C. k 
Goldsmith et ale 1359-56, from Goldsmith Field in 
Ector County. lntcrpretations of depositional environ- 
mcnt and general discussions arc strengthened by 
multi-well core studies in both McElroy and \Yaddd 
Feldsand ongoing studies in all threc fwlds. 

The reservoir-bcaring dolomites in all dire of 
the fields occur as part of a shallowing-upward 
carbonateshelf scqucnce, somc 250 to 360 feet thick 
FIyrc 2 illuslratcs in simplified fonn the vertical 
scqucncr and rcscrvoir quality for the thrcc wells; 
the vertical cxtcnt of various bcies is also shown, 
with MOW dctailcd illustration and description of 
the lithologics and porosity - permeability plots, m 
Figures 3 to 5- The generalized sequence that 
comprises thc CrayburglSan Andrcs intcrval in the 
wclls consists of three basic parts (1) a basal opm- 
shelf unit of biolurbated, subtidal dolowackestones/ 
packstows that arc varyingly skclctal and pcloidal; 
(21 a middlc unit of shallow shelf subtidal fusulinid 
dolorvackcstones overlain by subtidal-intertidal non- 
skdcbl shoal dolopackstoncs/~inston~~; and (3) an 
uppcr unit of intcrtidal/supratidaI dolomudstones to 
grainstoncs, quartz siltstones to fine sandstones, and 
cvaporitcs that grades upward into the more cIaslic 
and cvapori tic Queen Foma tion. RexnTCoir wncs 



Cores from the McElroy 223-R well contain rock 
type$ cqxesmtatiw of all three depositional units of 
the Crayburg/San Andres interval as well as the 
lower portion of the overlying Queen Formation. 
Longaae (1980) divided the Gra-yburs/San W r e s  
and lower Queen sections into 11 dcpositional fades 
through detailed core studies of the North McElroy 
Unit, but Harris and others (1981) s u ~ u c n t l y  
proposed a more pcra l i t cd  facies subdivision for 
the McElroy Fiekl. It is this more generalized facie$ 
scheme that is used there because the xalc of thc 
units is such that they are mlatable by both core 
andlog- 

Log top for the Graybmg/San Andm 
hnnations in the McElroy 223-R wcll occurs at 2,723 
feet. OpcmhcIf sediments at the base of the corcd 
section are predominantly skeletal and pdoidal 

Fqwe 1. L o d i n  map fw cores cf'sed h this paper. 
Some of the fields producing from the GraybrgrSan 
Andres Formations in this portion o! the Permian Basin are 
sbwn. These fie- are aligned abng the eastern edge of 
the Cmtral Basin Plsdorm. The Gut Oil J. T. l.(cElmy 
Cms. No. 223-R well was drilled in January 1 9 s  in 
McElray Field. Crane County (Sec. 203. Blk. F. 350 FNL 
and 984 FEL CCSD and RGNG). The Gun E. M. 
Snodgrass (Tract A) No. 35 well was completed in AugW 
1983 in Waddell Field. Crane County (Sec 1 , 8 k  25 PSL. 
1650 FNL and 2200 EL) .  The GuH Oil C. A Goldsmith et 
al. 135956 WU was drilled in November 1981 in GoMsmilh 
Field. Eaor County (Sec. 15, Blk. 44. T-1-S, 1 0  FSL and 
roonmarepw). 

ddopdcstones - grairrstanes CFig. 3). The in- Q 
cxtcnsivcly bioturbated; fusulinids and minor 
cchinodm fragments are scattered. Porosity types 
in ordcr of importance are intemysblline, rnoldi~ 
mimfracham, and fcnesh.aI. With only a few 
exceptions, plug anal,vses show pmsities to be 4 
pctccnt or lcss as most of the fusulinid molds, 
microfrachrrrs, and fenestral pores are filled with 
anhydritc, gypsum, or dolomite cements. The 
overlying shallow-shelf and shoal deposits in the 
care am burrowed fusulinid and echinodcnn 
dolonackestones and pelletal do lo pack to^ 
grainstoncs. Vague aoss-lamination is prcscnt in the 
carbonate sands, and in addition to peloids, ooids and 
rounded skeletal grains are m t .  Intcruystalline 
and moldic porosities are most common, and although 
many of the moldic pores are filled with anhydritt, 
thc rncasud porosity values are betwcen 10 to 20 
pcrccnt and permeabilities am in the tens of 
millidarcys with exceptional values exceeding 100 
md. The tidal-flat and cvaporitic-flat sediments at 
thc top of the corn are the most variable vwtically 
and consist of dolomudstones to sandy dolopackstones, 
siltstoncs, and nodular anhydrites. The 
dolopackstones ate aoss-laminated mixtures of ooids, 
mundcd skeletal fragments, and clasts. M w d  
porositics arc gcncrally 3 percent or less for the 
dolomites and up to 6 percent for the sandier beds; 
much of thc pow space including a few intervals with 
fcmtral porosity has bccn plugged by anhydrite. 

C;albvay and others (1983) pwsmted a ~ u c t u w  
map and lag aoss-section for Waddell Ficld, 
illustrating that thc msmmir is very hetempems.  
Cons from the Snodgrass 35 well contain a similar 
suite of Crayburg/San Andm facies to that discussed 
for the McElroy 223-R well and also to that seen 
clxwhcm in the Waddell Field as dctcrmincd in 
othcr in-house core studis. The Snodgrass 35 corcs 
differ, howrverr in that permeability is not well 
dcvclopcd and cementation by anhydrite is 
cxccptionally common even in the shoal 
dolopackstonesgrainstones (Fig. 4). The la& of 
rcscrvoir dc\*clopmcnt in the con? also oarresponds to 
an off-strwturc location for the well. This illustrates 
that diagcncsis is as important as fades in 
contmlling rcscwoirquality regionally in the 
Grayburg/San Andres interval. 

@ top for the Grayburg/San Andm Fomtians 
in the Snodgms 35 is 3 2 5  feet opn-shdf 
scdimcnts at the base of the Snodgrass 35 corn (Fig. 
4) arc bum\,.cd pcloidal dolowackestones-packstoncs 
with minor fusulinids. pisolits, ooids, and quartz 
silt. Mcasurcd porosities an? 5 p m m t  or less except 
toward thc base of the core where inh?mystalline 
and moldic pores after fusulinids produce p s i  ties of 



Flgure 2. Wirelino logs and wre data from the McElr 223.R. Sn6dgras.s 35 and Goldsmilh 1358-58 wells. The wells m u r  abn a 41.mlle portion oi tho 
eastern ed e of the Contral Basin Plalform (see? . 1 for well kcetions). The blackened column under core dala indicates I 1 e corod soctbn; r small 
amount d 80 m e d  inletval not avaiMo for ~ h o q m l  Budy is indicated by m 1.' The major de s h n d  lacloo m nveoled 4 W e d  con  rtudy n 
shown t?,lhe immediate loft ot Ihe blackened a, urnn, and intervals of good and lair roservopqu?lfiy as defined by tholr moasured porosity and 
ffmeab~ldy valves are also indicated. A more detailed desuiplion ol the Iiiho tes as well es the msl - pormeabllity pbls lor each core are shown on 

rgures 3 lo 5. The datum for Figure2 is a lithological bounda lhat mparalos!ol and s i ~ m l  ood P" menls "6, low (the lower and rnlddlo depodilional unilsd 
tho OrayLurgSan Andres as doschbcd In 1110 Ut\frqm lida1.f. and evaporitic deposit8 a b v e  (tho u pnr do sit.X* unit of the GrayburgISan Andres 
tha~ pUla :yard into tho Quesn rormetion). T e IflhoI~icalhUndaty i$ ovor s m  fael deo r in 16 s n g a s s a r  wall man for the mnw in the 
McE roy 223 welt located approximato 16 rnlles lo the muthwest. Similarly. the ssnlo boun ary donpnns another 700 feet 26 miles further to tho nonh 8 r 
al lho lourtion of tho Goldsmith 1359-5 wen. Note tho porous and porrnoablo soclmn Is bosl developed in shoal and shalbw-ol~ol ~edlments in the 
McElroy 2234 and Goldsmith 1359.56 cores, bul the Snodgrass 35 core lacks a rese~oir zone duo lo low pormeablily, 



nearly 10 pcm?nt. The o i ~ l y i n g  shallow-shclf and 
shoal interval contains burrowed pclnidal 
dolowackesto~/packstones grading upward into 
ooid and pisolite dolopackstones/grainstoncs and 
peloidal dolopacktones The carbonate sands formcd 
in an extremely shallow-water and periodically 
exposed setting as SUgg€5ted by the occurrcncc of 
pisolites. algal and cmnent crusts, solution vcins, and 
probable tepee structum Porosity is around 5 pcrccnt 
for most of the unit, but inc-reases toward the top to 
approximately 11 percent. Thc tidal-flat and 
cvaporitic-flat deposits in the uppm portions of the 
core consist of nodular anhydrites along with 
interbedded siltstones and silty dolowackcstones/ 
mudstones with intcrcrystalline and minor fcncslral 
porositiesof about lOpermt 

Log top for the Grayburg/San Andms intcrval in 
the Goldsmith 1359-56 wen is at 3,742 feet. Corn 
contain burrowed fusulinid dolowackcstoncs/ 
padcstoncs of o p e ~ h l f  and shallow-shclf origin 
(Fig. 5). M e a d  porosities are approximalcly 15 
percent where both moldic and intercrystalline porn 

occur and only 5 pemnt n S h m  moldic pores wmc 
subscqucntly filled with anhydrite. Permeability is 
variable but bettcr towards the top of the shallow- 
shelf unit. Porosities are more consistently war 15 
pcrcent in the overlying shoal dologminstones and 
pcnneabililies rcach 100 md. or mom. The tidal-flat 
deposits at the top of the core are anhydrite- 
ccmcnted brccialcd dolomudstones overlain by 
*Icy dolowackcstoncs-packstones containing ripup 
clask Porosities in this upper unit are 5 percent or 
Icss. 

DEPOSITIONAL MODEL 

We intcrpmt the depositional sequence present in 
cows from the McElroy 223-R, Snodgras 35, and 
Goldsmith 1359-56 wells to have formcd in a similar 
facics tract of shallow-water shelf and shoal 
cnvironmcnts and rclatcd tidal-flat and nmporitic 
(sabkha) scdimcnts. The facin dcvdoped during 
easterly progradation across a deeper-1cater open 
shclt. Although some variability exists bet- 
cores d m i  in this study as  xwll as within the 
.fields thcrnsclves, the major depositional 
cnvironrncnls rcprcscnted in the cores and the overall 
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Fgure 3. Ulho!!id ddptian and interpretaD'on for rhe i&ELoj 22343 axes. Variable she% and shoal dokstones change 
upward into more mixed-lithology tidd-flat sediments. Porosity and permeability delermined by plug analysis are plotted ard the 
porosifyt)~ as datermined by a r e  and 1hin-sw:nn an&ysis is shown. The porous-permeabk zone k quile thick, and IS best 
d w e w  in the shoal and inmediately undoqing shallow-shell in:ewak. 



squence in which they oavr are similar. Core data 
and depositional models prc\.iously prcscntcd lor 
Yates Field (Adams, 1930; Donoghue and Gupton, 
1937). Foster rteld (Young and Vaughn, 1957). and 
Means Field (Ccorge and Stiles, 1978) togcthcr with 
the more recent studies by Longacre (1980) and Hams 
and ohms (1984) of hicElroy Ficld and tho* of 
Bcbout and Leary (1985) for Dune Field sugficst mapr 
portions of the eastern margin of the Central Basin 
Platform wcrc dominated by carbonate wnd-shoal 
and updip tidal-flat faciesbeltr 

Our finds contradict those of Gallokay and 
others (1983). They infer the principal rcrrvoir 
fades in the fields along the eastern edgc of the 
Central Basin Platform occur in dolostoncs having a 
structural framework dominated by sponges and algae 
and porosity formed by secondary solution. Longacre 
(1983) has indeed shown that a thick, shclt-margin 
mf xction is present along a poriion of the 
castemmost boundary of the North hlcElroy unit. But 
the continuity of the reef elsewhere along the margin 
of the Central Basin Platform is not yct proven nor 
docs the rccf interval contribute to the rcrrvoir in 

North hfdmy. Smaller patch reefs or mounds 
described by Longacre (1%) and Hams and others 
(19%) contriiutc only locally to the rcsmvir 
intcrval in McElroy Field in both the open&& and 
overlying shallow-shclf portions of the Graybug/ 
San Andm section. An interval of low-pomsity 
sponge and algal framestone may contribute to the 
m o i r  zone locally in some of the fields as 
desaibed for Dune Field by Bebout and Leary (1985), 
but clearly. thc examplcs dtxribd in this paper and 
comparisons with the msults of most pmious studies 
su&cst to us that the reservoir i~tervals are not 
rccfal in naturc, but arc part of a common associalion 
of shoal grainstones and packstones and related 
shallowshelf sediments 

POROSITY AND DIAGENESIS 

Thc pormity in the fields undcr discussion -2s 
formed by dolomitization and minw dissolution with 
pcrhaps greater solution being more important 
locally to the south as illushated by karst formation 
in Yatn FIcd (Craig. 19s). The best reservoir mnes 
in the hicElroy 223-R. S d g r a s s  35, and Goldsmith 

Core 
w Ll(nolom 

- -Prt+lom* 
.dm Ulna pi.ollt.. 

S D ~ .  00(4k  nd ~lclnk Dobpaclswn. -She 

Fgure 4. Limobgical desaipbn and interpcetaliccr as wen as porosity - petmeability data for the Snod@zs 35 cares. The shoal 
unil is beuw devebped and lhe open-shew intewal is m3re variable in the Sncdgr2S.s 35 care than m either the l.Wlroy 223-R or 
GoWsrnith 135956 cores. The Snodgrass 35 cores oAer :he besl view of the cawing taal-!la1 and evaporirii-flat sedimen:s. 
Pcrmily isdevebped inafewminslreaks hu: isnc*: atc~mpanod by any permeew. 



F-5. WldpOiJ~andinerpraaajonandpabdy-permeabPlydaaforth0Gddsmth135456ccibs. OpOnsnd 
s h a l l Q w . w a t e r s h e W ~ a u e w y h i l a r .  T h e c a p p i t g t ~ l h t ~ b m o r o r h a l o y i n t h . ~ r m l h  
135946 wl than in &her d the other Wo corn d- in the paper. Porosky a d  aso&td good permoabi 0~x1 in a 
I h i d c ~ n o f t h e s h m l d ~ s h e i f i n l e r v a l  

1359-56 wflls o e ~  within the shoal and shallow- l h o g h r  0. nd ~ W . L , b , 1 9 V , Y . t r r R c 1 4 ~ ~ ~ d  
GackmComtirr. nar,aOccmnneofcdmd brW@ 

shelf facics where thc predominant porosity types Teur. k a l d  F. h (rQ u*. T- Bur. a. 
are intcrmystdline and m l d i c  Diagcncsis omurrcd pub. >116.p.42&433, 
in two major stags (1) submarine m n t a t i o n ,  G M ~ . H ' . L E ~ T . L ~ ~ ~ C M , T ~ . N & ~  
pervasive dolomitiation. lea*ling of grains, minor 0. C. 19f3, A I ~  d mjDI T a a  dl rrrsvolrc Unlv. T a a .  
dolomite ccmcntation, and sulfate cementation and ~ u i 6 h ~ u . k o n ~ , 1 ~ p  
replacement - all omming during deposition and 
e a r l i i  burial; and (2) fracturing, mhydritc 

~ , C J . a d Y J a , L n 1 9 5 8 . h n p r a v r d ~ ~  
w a ~ u r n ~  o r b m a n  wamkc& hl W a  T a r  jmu. Fnr. 

cementation. minor cakite replarrment of anhydritc, T~xh.,v.jO.plYi-15X 
and formation of gypsurn a d  kaolinite - all forming 
near mximum burial depth and during subxqttcnt 
uplift. The pervasive dolomite that lcd to t k  
development of mcntoir zones in the middle unil of 
our depositional scqunrrr is commonly findy 
qstallinc, anhedral to subhedral, inclusion-rich. 
and pnurves original depositional texture. 

Wg. 0. H.. I%, Paleokarst in the h. W m  ddomllc. Yaks 
H& W e t  Texa: SWM Amual Midyear hlcdlng AW~adv. 3. 
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