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ABSTRACT 

Character iza t ion of 500 of t h e  larges t  Texas oil reservoirs permits  grouping in to  plays of 

similar geology and common engineering and production at tr ibutes.  Most of t h e  major oil 

reservoirs of Texas a r e  included in 48 plays, which account fo r  71 percent  (32 billion barrels  

cumulative) of all historical production in Texas. Twenty-seven oil plays l ie  north and west  of 

the  Marathon-Ouachita s t ructura l  f ron t  in Paleozoic reservoirs t h a t  a r e  predominantly dolomite 

and t h a t  contained 73 percent  of t h e  original oil in p lace  (OOIP) in Texas. Most of t h e  oil in 

these  Paleozoic plays is trapped in restr icted-platform and, t o  a lesser extent ,  in platform- 

margin and atoll lreef carbonate  systems and in deep-water slope and basinal c l a s t i c  systems of 

t h e  Permian Basin. Recovery efficiencies of t h e  Paleozoic plays a r e  considerably lower than 

a r e  those of t h e  21 Mesozoic and Cenozoic plays of t h e  Gulf Coast  and East  Texas Basins. 

Major reservoirs in Cretaceous  and Tert iary plays were  deposited principally in del ta ic  and 

barrierlstrandplain systems. 

Reservoir genesis clearly influenced pa t t e rns  of hydrocarbon accumulation and recovery. 

In-place oil in c las t ic  reservoirs is distributed fairly evenly among fluvial/deltaic, deltaic,  

barrierlstrandplain, and slope and basinal sandstones. Recoveries f rom c las t i c  fac ies  in Texas 

a r e  dominated by production from del ta ic  reservoirs, which a r e  projected t o  ult imately produce 

almost  half (47 percent)  of all oil obtained f rom clas t ic  reservoirs. Slope/basin sandstones, in 

contras t ,  contained one quar ter  of t h e  OOIP in c las t ic  f ac ies  but will produce only 5 percent  of 

t h e  to ta l  obtained f rom Texas' c las t ic  reservoirs. The s ta tewide weighted average recovery 

from sandstone reservoirs is 41 percent. Weighted average recoveries by play range f rom a low 

of 8 percent f rom slope/basin systems t o  a high of 68 percent  f rom del ta ic  plays. 

Original in-place oil is less uniformly distributed among carbonate  reservoir fac ies  than 

among c las t ic  reservoir facies. Restricted-platform plays trapped 61 percent  of t h e  OOIP in 

carbonate  reservoirs, whereas platform-margin and deep-water carbonate  reservoirs held 16 and 

11 percent,  respectively. Oil recovery f rom restr icted-platform carbonates  is relatively poor; 

only 30 percent of t h e  original resource will b e  produced by primary or secondary methods f rom 

these  plays. Deep-water atoll and pinnacle-reef reservoirs exhibit t h e  bes t  recoveries (50 

percent), largely because of successful secondary recovery programs begun early in field 

development. 

The potential  t a rge t  fo r  additional oil recovery f rom major Texas reservoirs in which 

depositional or diagenetic complexity significantly l imits  recovery is 20 billion barrels. Most of 

this  t a rge t  oil is t rapped in restr icted-platform carbonates  and slope/basin sandstones of t h e  

Permian Basin. 

Keywords: Texas, major oil reservoirs, oil accumulation trends,  oil recovery, t a rge t s  f o r  

additional oil recovery, oil plays. 



INTRODUCTION 

Texas is t h e  g r e a t e s t  petroleum province of t h e  United Sta tes .  In t h e  8 3  years following 

t h e  spectacular  completion of t h e  Lucas well at Spindletop sa l t  dome e a s t  of Houston in 1901, 

11,340 oil fields have been discovered in Texas. These fields have produced 46 billion barrels  of 

oil, accounting for  nearly 40 percent  of t h e  historic production of crude oil in t h e  United S ta tes  

(Fisher and Galloway, 1983). Eight of t h e  20 largest  oil fields in t h e  United S ta tes  l ie  within 

Texas (based on remaining proved reserves of crude oil on December 31, 1979; American Gas  

Association and others,  1980). This is more  than any other  s t a t e ;  California ranks second with 6 

of the  20 larges t  oil fields. Crude oil and condensate produced f rom Texas f ields in 1982 

amounted t o  872 million barrels  (Railroad Commission of Texas, 1983). Texas f ields contain 5 5  

giant  oil reservoirs tha t ,  by definition, have each produced more  than 100 million barrels  of oil. 

The biggest of these  is t h e  East  Texas field, which ranks number one nationally in cumulative 

production and reservoir performance. East  Texas field alone had produced 4.7 billion barrels  

of oil by the  end of 1982 (Railroad Commission of Texas, 1983), and es t imated u l t ima te  

recovery is  80 percent  (Galloway and others,  1982). 

Recovery of oil f rom t h e  major Texas reservoirs included in this survey averages  

37 percent.  A current  e s t ima te  of u l t imate  s t a t ewide  recovery is 54 billion barrels  of t h e  

156 billion barrels  of oil discovered in Texas (Fisher and Galloway, 1983). Thus, of t h e  known 

oil resource in Texas, more  than 100 billion barrels  is now classed a s  unrecoverable by 

conventional means. 

As pa r t  of a broad research program aimed a t  investigating t h e  potential  fo r  additional 

recovery from Texas oil fields, t h e  Bureau of Economic Geology undertook in 1982 and 1983 a 

survey of t h e  500 most productive oil reservoirs in t h e  s ta te .  Only those reservoirs t h a t  had 

produced more  than 10 million barrels  of oil by the  end of 1981 were  included in t h e  study. 

Thirty pa ramete r s  t h a t  collectively charac te r i ze  geological, engineering, and production 

a t t r ibu tes  were  compiled fo r  each reservoir. These d a t a  include (1) general  reservoir 

information such a s  location, discovery da te ,  and t r a p  style,  (2) matr ix  and fluid properties, 

(3) engineering character is t ics  and technology employed in reservoir management,  and (4) oil 

volumetrics. Reservoirs were  then grouped into plays on t h e  basis of similar geology and 

petrophysical cha rac te r  (White, 1980). An example of t h e  d a t a  tabulation used t o  define plays 

is  i l lustrated in table  1. 

Reservoir origin is t h e  most  important  pa ramete r  in play definition. Trap  s ty le  and t h e  

na tu re  of the  available source rocks and seals a r e  also considered. Most of t h e  major oil 

reservoirs in Texas a r e  grouped into 48 plays (fig. 11, which account  f o r  71 percent  (32 billion 

barrels) of all oil produced in Texas. This study therefore  analyzes a representa t ive  sample of 

Texas oil reservoirs; t h e  conclusions reached concerning t h e  geologic controls on oil accumula- 

tion and production trends a r e  applicable t o  all Texas oil fields. 



Tab le  1. Represen ta t ive  t a b l e  showing d a t a  compiled t o  c h a r a c t e r i z e  major  Texas  oil reservoirs.  
D a t a  shown he re  a r e  fo r  t h e  Spraberry-Dean sands tone  play. 

RRC FIELD AND DISC LITH- TRAP DRNE DEPTH OIL POR PERMEABILITY HZ0 APl lNlT INIT TEMP PRODUCTION UNIT WELL ROS OIP CUM ULT REC 
DlST RESERVOIR DATE OLOGY (FT) COL 1%) AVG LOG SAT GRAV GOR PRES IF) TECHNOLOGY DATE SPACING I%! IMMRBLI PROD RECOV EFF 

(FT! (MO) RANGE (ACRES) IMMEBL)(MMBBL! 1%) 

8A ACKERLY DEAN 54 SS UPP SG 8200 500 10 0 -1 0 40 38 985 3660 138 WF 6 9 ~ 7 6  80 250 30 3 34 6 14 
7C BENEDUM SPRABERRY 47 SS PPS SG 7600 250 12 1 -1 0 35 36 538 2315 WF 67 100 200 2 2 0  3 0 0  15 
7C CALVIN DEAN 65 SS UPP SG 7400 11 1 -1 0 35 41 0000 2484 141 160 50 270 28 3 3 5 0  13 
7C COFE 51 SS I SG 5100 16 20 -1 2 20 35 450 1950 WF 59 40 47 31 11 6 1 2 0  39 
8 d  JO-MILL SPRABERRY 54 SS UPP SG 7100 16 3 39 39 8002843  109 WF.PMW 63-69 80 44 330 5 4 7  7 9 0  24 
7C PEGASUS SPRABERRY 52 SS SA SG 8300 160 R 0 35 37 600 2675 135 WF 63 80-160 46 100 11 4 12 7 13 
7C SPRABERRYTREND 49 SS UPP SG 6800 10 0 -1 0 35 39 613 2500 2 WF.PMW 6P-65 80 28 9400 4 5 7 0  470 0 5 

6948 353 11 1 35 39 798 2513 131 86 96 31 10581 6153  6733  6 

SS -sandstone Trapmechanism I - ~ a l a n  PPS pa~1 lyproduc t~ ie r :~uc f f re  SA~r~npieantclneo~dome UPP-upd8pporost!yp#nch or! Praducrranlech?orogy PMW -pressure man:enalce by water ,nlect#an WF - ~aterilood 

EXPLANATION OF PLAYS 

28 Eastern Shelf 
Permtan carbonate 

29 Horseshoe Atoll 

30 Spraberiy-Dean 
3 Yegua salt-dome flanks sandstone 

31 Central Basin Platform 
unconformlly 0 4 0  8 0  l2Om1 

5 Frlo deep-seated salt - 
32 Ellenburger 0 5 0  100 150 2 0 0  km 

6 Frto (Buna) barrier/ fractured dolomi:e 
Strandplaln sandstone 33 Siiur~an-Devonian 

7 Piercement salt domes ramp carbonate 

8 Frio barrierlstrandplain 34 S1lurlan-DevonlaQ 
ramp carbonate 
(South Central 
Basin Platform) 

35 Slluitan-Devon1a.l 
ramp carbonate 
(North Central 
B a s r  Platform) 

carbonate (Ozona 

deltalc sandstone 

13. Edwards restricted- 
platform carbonate 

carbonate (Soujh 
Central Basin 

14 A~st ln-Buda fractured Platform) 

39 San Andies - Grayburg 
15 Glen Rose carbonate carbonate (North 

(stratigraphic! Central Basln 
structural traps) Platform) 

16 Paluxy fault Ilne 40 Permian sandstone 
17 Cretaceous sandstone and carbonate 

(salt-related structures) 41 Clear Fork platform 
carbonate 18 Glen Rose carbonate 

(salt-related structures) 42 Queen platform/ PLAY LITHOLOGY 
19 East Texas Woodblne strandplaln sandstone 

43 Wolfcamp platform 0 Carbonates 
20 Woodbine f luv~al l  carbonate 

44 Pennsylvanran 
..... 

platform carbonate 
:.....; ClastlcS 

21 Woodbine fault Ibne 45 Northern Shelf 

22 Slrawn sandstone Permian carbonate 

23 Bend Conglomerate 46 Delaware sandstone 6.2 Cumuiotive production (billion bbl) 
24 Caddo reef 47 Panhandle granlte 

wash/dolom$te 
25 Upper Pennsylvanian 

shelf sandstone 48 Panhandle Morrow 

26 Pennsylvanian reef/bank 
sandstone 

27 Upper Pennsylvan~an 
slope sandstone 

Figure  1. Geographic  distr ibut ion of t h e  48 major  oil plays in Texas,  modif ied f r o m  Galloway 
and o t h e r s  (1983). 



T h e  principal  objec t ives  of t h e  survey w e r e  ( I )  t o  c h a r a c t e r i z e  major  oil reservoi rs  

s t a t ewide  and ( 2 )  t o  eva lua t e  t h e  potent ia l  fo r  addit ional  recovery  f rom t h e s e  reservoirs .  

Resul t s  of t h e  f i r s t  objec t ive  w e r e  published in t h e  "Atlas  of Major Texas  Oil  Reservoirst '  by  

Galloway and o t h e r s  (1983). The  t a r g e t  fo r  addit ional  r ecove ry  is described by Fisher  and  

Galloway (1983) and in th i s  paper,  which a lso  emphas izes  t h e  impor t ance  of reservoi r  genesis  in  

defining oil accumula t ion  and production p a t t e r n s  in Texas  reservoirs.  

SOURCES O F  DATA 

Hearing f i les  maintained by t h e  Rai l road  Commission of Texas,  Cen t r a l  Records  Sec t ion  

of t h e  Oil  and G a s  Division, were  t h e  principal  sou rce  of geological  and  engineering d a t a  fo r  t h e  

se l ec t ed  reservoirs.  Unit izat ion,  inject ion,  maximum e f f i c i en t  recovery  (MER), f ield rules, and  

discovery f i les  proved par t icu lar ly  useful. Addit ional  sources  of d a t a  included oil and  g a s  f ie ld  

f i les  maintained by t h e  U.S. D e p a r t m e n t  of Energy,  Energy Informat ion  Agency,  Dallas, and  

summary  r epor t s  on secondary  recovery  pro jec ts  published biannually by t h e  Railroad Commis-  

sion of Texas. O t h e r  publicat ions t h a t  conta ined  s t a t i s t i c s  f o r  g i an t  oil fields, f ields t a r g e t e d  

f o r  potent ia l  t e r t i a r y  recovery  projects ,  and abandoned oil f ie lds  provided anci l lary da ta .  A 

survey of geological  and pe t ro leum engineering journals and of r epor t s  of t h e  U.S. Bureau of 

Mines yielded severa l  pape r s  describing spec i f ic  reservoir  s tudies.  Rel iab le  oil volumetr ic  d a t a  

w e r e  supplied by f ie ld  opera tors  if d a t a  w e r e  not  ava i lab le  in t h e  public domain. 

STRUCTURAL CONTROLS O N  THE DISTRIBUTION O F  MAJOR OIL PLAYS 

Texas  oil occurs  in and i s  produced f rom t w o  broadly defined provinces: (1) Paleozoic  

dolomite,  l imestone,  and sands tone  reservoi rs  in Nor th-Cent ra l  and West Texas  and t h e  Texas  

Panhandle;  and  (2) Cre t aceous  and Te r t i a ry  sandstone and c a r b o n a t e  reservoirs  in Cen t r a l ,  

South,  and E a s t  Texas. T h e  Pa leozo ic  province l ies  t o  t h e  nor th  and wes t  of t h e  Marathon- 

Ouach i t a  s t ruc tu ra l  f r o n t  (fig. 2). Principal  s t ruc tu ra l  e l e m e n t s  in th is  province include t h e  

Amari l lo Uplif t  and t h e  Anadarko Basin, as well as t h e  Midland and De laware  subbasins and t h e  

C e n t r a l  Basin P la t fo rm of t h e  Pe rmian  Basin (fig. 2). T h e  C e n t r a l  Basin P la t fo rm or ig ina ted  in 

t h e  L a t e  Mississippian as a horst  bounded on e i t h e r  s ide  by slowly subsiding basins (Mills, 1972). 

This p la t form,  which was t h e  s i t e  of shallow mar ine  t o  supra t ida l  c a r b o n a t e  and c l a s t i c  

sedimenta t ion  throughout  Pennsylvanian and Pe rmian  t imes ,  b e c a m e  a remarkably  e f f i c i en t  

concen t r a to r  of oil. Original  oil in p l ace  (OOIP) in major  reservoirs  of t h e  1 3  plays loca t ed  on 

t h e  C e n t r a l  Basin P la t fo rm exceeded 31  billion barrels .  Pa leozoic  s t r a t a  of Nor th-Cent ra l  and 

West Texas  and t h e  Texas  Panhandle  con ta ined  7 3  pe rcen t  of t h e  OOIP of t h e  48 plays in t h e  

s t a t e  (fig, 2, inser t  A). 



A. Percent 0 0 l P B. Percent cumulative production prior to 1981 

Figure 2. Major s t ructura l  e lements  in Texas, modified f rom Galloway and others  (1983). 
Original-oil-in-place and production s ta t i s t ics  a r e  given fo r  the  two principal hydrocarbon 
provinces of Texas. 



Major s t ruc tu ra l  e l e m e n t s  of t h e  Gulf C o a s t  oil  province inc lude  t h e  Eas t  Texas  and 

Houston s a l t  basins and  t h e  Vicksburg and F r io  f a u l t  zones,  which l i e  basinward of t h e  

C r e t a c e o u s  Shelf Edge (fig, 2) ,  Elevation and t runca t ion  of t h e  C r e t a c e o u s  Woodbine Forma t ion  

(fig. 3 R )  over  t h e  Sabine Uplif t  u l t imate ly  resu l ted  in t h e  prol if ic  Eas t  Texas  field, which 

produces f rom par t ly  e roded d e l t a i c  sands tones  unconformably sea led  by t h e  Austin Chalk. 

T h e r e  is compara t ive ly  minor production f r o m  ca rbona te s  and  sands tones  of C r e t a c e o u s  a g e  

along t h e  Lmiing, Mexia, and  Talco  grabens.  

Although only 27 p e r c e n t  of t h e  oil r e source  in Texas  is t r apped  in t h e  C r e t a c e o u s  and 

Te r t i a ry  Sys tems of t h e  Gulf Coas t  Basin, t hese  prol if ic  sediments  accoun t  f o r  45 pe rcen t  of a l l  

Texas  oil production (fig. 2, i ~ s e r t  B). 

TEMPORAL DISTRIBUTION O F  TEXAS OIL 

Most of Texas '  oil resource  is c o n c e n t r a t e d  in Pe rmian  sed imen t s  of Nor th-Cent ra l  and  

West  Texas  and t h e  Texas  Panhandle (fig. 4A). Fully 58  p e r c e n t  i s  conta ined  in t h e  Pe rmian  

Sys tem,  mostly in Guadalupian San Andres - Grayburg c a r b o n a t e s  (fig. 3A). O t h e r  major  

accumula t ions  of Pa leozoic  oil occu r  in t h e  Ordovician Ellenburger  Group, in t h e  Silurian- 

Devonian r a m p  ca rbona te s  deposi ted in t h e  ances t r a l  Pe rmian  Tobosa Basin (Galley, 19581, in 

t h e  Pennsylvanian Horseshoe Atoll ,  and in Pennsylvanian g r a n i t e  wash of t h e  Panhandle  f ie ld  

(play 47, f ig,  1) in t h e  Anadarkq Basin. 

Production f r o m  C r e t a c e o u s  and Te r t i a ry  reservoi rs  amoun t s  t o  45 pe rcen t  of t h e  

cumula t ive  Texas  to t a l ,  whereas  Pe rmian  reservoi rs  con t r ibu te  onl-y 37 p e r c e n t  (fig. 4B). T h e  

principal  prociuctrve units  of t h e  Gulf C o a s t  Basin (fig. 3B) a r e  t h e  Oligocene F r io  Forma t ion  

and t h e  Upper C r e t a c e o u s  Woodbine Group (joint cumula t ive  productions of 4.5 and  6.4 billion 

bar re ls  f r o m  major  oil reservoirs ,  respect ively)  and t o  a lesser  e x t e n t  t h e  Eocene  Jackson Group 

and Vegua Format ion  and t h e  Lower C r e t a c e o u s  Glen  Rose  Group and Paluxy Formation.  

CHARACTERIZATION O F  TEXAS OIL RESERVOIRS 

The  mos t  basic cha rac t e r i za t ion  of oil accumula t ion  and production i s  by lithology (fig. 5 ) .  

Surprisingiy, considering t h e  magni tude  of oil conta ined  in t h e  dominantly c a r b o n a t e  P e r m i a n  

System, OOIP in t e r r i g e n ~ u s  c las t ics  amoun ted  t o  47 pe rcen t  of t h e  Texas  tora l ,  only s l ight ly 

less than r h a t  in ca rbona te s  (fig. 5A). T h e  c a r b o n a t e  group includes dolomite,  l imes tone ,  chalk,  

2nd f r a c t u r e d  che r t .  C u r r e n Q r o d u c t i o n  f rom c l a s t i c s  is s l ight ly higher t han  f rom carbonates .  

This r e f l ec t s  hGgher recovery  ef f ic ienc ies  in c l a s t i c  reservoirs ,  which a v e r a g e  41 p e r c e n t  

sta.ie~xjlde, a s  compared  wixh 35 p e r c e n t  f o r  c a r b o n a t e  reservoi rs  (fig. 5B). 

Reservoi rs  are f u r t h e r  cha rac t e r i zed  according  t o  deposi t ional  origin. T h e  48 major  oil 

plays of Texas  a r e  grouped in to  5 c l a s t i c  and  6 c a r b o n a t e  deposi t ional  sys t ems  (figs, 6 and  10). 



D E L A W A R E  CENTRAL BASIN M I D L A N D  EASTERN SHERMAN ANADARKO BASIN- : l a !  B A S I N  P L A T F O R M  / B A S I N  S H E L F  B A S I N  AMARILLO UPLIFT I 
QUIT ALLUVICM 
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Figure 3A. Simplified geologic a g e  relat ions of t h e  principal oil- 
producing strat igraphic units of the  North-Central, Panhandle, and West 
Texas basins. From Galloway and others  (1983). 
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P a t t e r n s  of hydrocarbon accumulation 

and subsequent production a r e  strongly 

re la ted  t o  fac ies  type, resulting in a 

wide range of recovery efficiencies. 

Reservoir genesis--the geological origin 

and nature  of t h e  producing zone--is a n  

important  f ac to r  in determining (and 

predicting) recovery efficiency in well- 

managed reservoirs ( tables 2 and 3). 

Fluvial/deltaic, deltaic,  and slope/basin 

sys tems each contained between 11.6 

and 13.2 billion barrels  of OOIP, y e t  

es t imated ul t imate  recoveries range 

f rom less than 1.0 billion barrels  fo r  

slopelbasin sandstones t o  8.5 billion 

barrels  for  del ta ic  reservoirs. Weighted 

recovery efficiencies, which average 4 1 

percent  s t a t ewide  fo r  c las t ic  reser- 

voirs, range f rom a low of only 8 per- 

c e n t  for  t h e  slopelbasin group of plays 

t o  68 percent  fo r  the  del ta ic  group of 

plays ( table 2). Weighted ul t imate  re- 

covery efficiencies of oil f rom t h e  car-  

bonate  plays range f rom 26 percent  in 

t h e  unconformity-related play t o  a high 

of 50 percent  in t h e  th ree  deep-water 

atoll  and pinnacle-reef plays ( table 3). 

Figure 3B. Simplif ied geologic a g e  
relations of the  principal oil-producing 
s t ra t igraphic  units of t h e  Gulf Coast  
and East  Texas Basins. From Galloway 
and others  (1983). 



Figure  4. A. Tempora l  dis tr ibut ion of OOIP in Texas. B. Cumula t ive  oil production by 
reservoir  a g e  ( d a t a  f rom t h e  Rai l road  Commission of Texas,  1982). 
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Figure  5. Distr ibution of major  oil occu r rences  in te r r igenous  c l a s t i c  reservoi rs  and in 
c a r b o n a t e  reservoirs  including l imestones,  dolomites,  chalk,  and f r a c t u r e d  che r t .  A. G las t i c  
reservoi rs  conta ined  a lower 001P resource.  B. However ,  as a resul t  of b e t t e r  reservoi r  
per formance ,  recovery  is s l ight ly higher t han  f r o m  c a r b o n a t e  reservoirs.  



Delta 

Figure 6. Clas t ic  depositional systems t h a t  typically host oil resources in Texas, f rom Galloway 
and others  (1983). FLuvial/deltaic (for example, fan-delta and in ters t ra t i f ied  fluvial and del ta ic  
f ac ies  tracts) ,  deltaic,  and slope and basinal sandstones contain 84 percent  of t h e  oil resource in 
cdastic rocks in Texas. 



C l a s t i c  Depositional Sys tems 

Fluvial Sys tems 

T h e  t h r e e  plays of fluvial origin conta ined  1.5 billion bar re ls  of oil, t h e  l ea s t  of al l  t h e  

c l a s t i c  systems.  This amounts  t o  3 pe rcen t  of t h e  OOIP in c l a s t i c  reservoirs  in Texas  (fig. 7A). 

However,  this  pe rcen tage  i s  low because  much of t h e  oil in f luvial  sys t ems  occurs  at o r  near  t h e  

t ransi t ion wi th  de l t a i c  uni t s  and thus  is included in f luvia l /de l ta ic  plays. 

Conventional  oil recover ies  f r o m  complex  f luvial  channel  sys t ems  a r e  typical ly low t o  

modera t e ,  displaying a weighted ave rage  of 36 pe rcen t  ( t ab l e  2). Coarse-grained,  sand-rich, 

braided-stream deposi ts  such as s o m e  of t h e  Bend Cong lomera t e  reservoi rs  (play 23, fig. 1) a r e  

exceptions,  having recover ies  exceeding  40 percent .  Well-engineered reservoir  development  

and  t h e  applicat ion of g e n e t i c  s t ra t igraphy in positioning infill development  wells also have  

resul ted  in high recovery  eff iciencies,  such a s  in t h e  Neches  (Woodbine) f ie ld  (play 20). On t h e  

basis of c u r r e n t  production trends,  f luvial  depos i t s  a r e  e s t ima ted  t o  have  a n  u l t ima te  production 

of only 3 percen t  of t h e  t o t a l  yield f r o m  c l a s t i c  reservoirs  in Texas  (fig. 7B). 

F luvia l /Del ta ic  Sys tems 

Fluvial /del taic  plays include fan-del ta  deposits,  such as those  of t h e  Panhandle  grani te -  

wash/dolomite play, and superposed sands tone  sequences  where  oil i s  produced f r o m  in terbedded 

AOriginal oil in pl 0. Estimated ultimat 

Figure  7. Exploded pie d iagrams i l lustrat ing t h e  relat ion be tween  reservoir  genesis  and  t h e  
pa t t e rns  of (A) oil accumula t ion  in and  (B) subsequent  production f rom c l a s t i c  reservoirs .  Pro-  
duct ion  f r o m  de l t a i c  reservoi rs  accoun t s  f o r  a lmos t  half of al l  production f rom c l a s t i c  deposits.  



de l t a ic  and fluvial fac ies  t r ac t s ,  such a s  in t h e  Woodbine fluvial/deltaic/strandplain sandstone 

play of t h e  East  Texas sa l t  basin (fig. 8). Fluvial/deltaic deposits  accoun t  for  30 percent  of t h e  

OOIP in c las t ic  reservoirs in Texas (fig. 7A). 

Fluvial/deltaic deposits  contain many facies  variations, which exhibit g r e a t  t ex tu ra l  and 

compositional heterogeneity. Average reservoir yields, which range f rom 24 t o  69 percent,  

r e f l ec t  t h e  complexity of this class of reservoirs ( table  2). Barring extensive diagenetic 

modification, t h e  coarse  grain s ize  and consequent high initial permeabil i ty of t h e  reservoir 

sandstones and conglomerates compensate  somewhat  fo r  extensive compar tmenta l iza t ion in t h e  

fluvial/deltaic plays. Fluvial/deltaic reservoirs a r e  projected t o  yield 30 percent  of t h e  

u l t imate  production f rom clas t ic  reservoirs in Texas (fig. 7B). 

Deltaic Systems 

Deltaic deposits contained 29 percent  of t h e  OOIP in c las t i c  reservoirs (fig. 7A). The 

most  prolific producer from these  reservoirs is t h e  famous East  Texas (Woodbine) field, which 

has the  highest cu r ren t  cumulative production of any reservoir in t h e  United S t a t e s  (more  than 

4.7 billion barrels). Other  large  del ta ic  plays a r e  t h e  Yegua and Frio sequences t h a t  a r e  warped 

over deep-seated sa l t  domes in the  Houston s a l t  basin (fig. 8). 

Production from del ta ic  systems overshadows reservoir yields from all o ther  depositional 

systems (fig. 7B). Del ta ic  sands a r e  expected t o  produce almost  half of all t h e  oil obtained 

fronl c las t ic  reservoirs in Texas, The g r e a t  volume of oil recovered Prom t h e  del ta ic  deposits of 

Tabie 2. Production s t a t i s t i c s  for  major terrigenous c las t i c  reservoirs in Texas. Reservoir 
genesis is i l lustrated in f igure 6. 

Estimated Range of Average Weighted 
ultimate recovery recovery recovery 

Play Number OOIP recovery efficiency efficiency* efficiency+ 
genesis of plays (billion bbl) (billion bbl) (%) (%) (%) 

Fluvial  3 1 .5  0.6 24-49 42 

Fluvial/ 8 13.2 5.4 24-69 45 
de l ta ic  

Del ta ic  6 12.6 8 .5  21-80 46 

Bar r ie r /  3 5.5 2.7 38-69 53  
strandplain 

Slope/ 3 - 11.6 0.9 6-21 15 - 
basin 44.5 18.1 

"Average recovery  e f f ic iency  is t h e  a v e r a g e  of t h e  recovery  e f f ic ienc ies  of each  play in t h e  system. 

+weighted recovery  e f f ic iency  f o r  e a c h  sys tem is de te rmined  by dividing t h e  e s t i m a t e d  t o t a l  u l t i m a t e  recovery  f o r  al l  t h e  
plays in t h e  sys tem by t h e  t o t a l  OOIP in t h e  system. 



t h e  Eas t  Texas  f ield biases t h e  e s t i m a t e d  u l t ima te  recovery  (fig. 7B); however,  mos t  of t h e  

de l t a i c  plays have  recovery  e f f i c i enc ie s  g r e a t e r  t han  t h e  a v e r a g e  fo r  c l a s t i c  reservoi rs  

( t ab l e  2). 

Individual plays of de l t a i c  origin exhibi t  wide ranges  of recovery  ef f ic ienc ies  ( tab le  2). 

However,  c lose  examinat ion  shows a predic table  cor re la t ion  be tween  reservoi r  productivi ty and  

t y p e  of de l t a i c  sys tem (Galloway and o thers ,  1982). Fluvial-dominated de l tas ,  which occu r  in 

- - - - - * - - 
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strandplain (2.3)  
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Deltaic 
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Figure  8. Principal  c l a s t i c  plays of Texas  t h a t  conta ined  m o r e  than  1 billion bar re ls  of OOIP. 
T h e  e ight  plays accoun t  f o r  8 1  pe rcen t  of t h e  oil in major  c l a s t i c  reservoi rs  in Texas. None of 
t h e  f luvial  plays held a billion bar re ls  of OOIP. 



such  plays as t h e  S t r awn  sandstone (play 22, fig. I), t h e  Upper Pennsylvanian shelf sands tone  

(play 25), and t h e  F r io  f luvia l /de l ta ic  sands tone  (play 1 I), his torical ly have  low t o  a v e r a g e  

recovery  eff iciencies.  In con t r a s t ,  wave-dominated de l t a s  such as much of t h e  Woodbine 

(plays 19 and 20, fig. I), which includes t h e  Eas t  Texas f ield,  exhibi t  recovery  ef f ic ienc ies  t h a t  

a r e  well above  average .  L a r g e  de l t a s  such as those  of t h e  F r io  deep-seated sal t-domes play of 

t h e  upper Gulf C o a s t  Basin (play 5, fig. I), which underwent  cons iderable  wave  modificat ion and 

produce by wa te r  drives wi th  t h e  aid of gas-cap expansion and g rav i ty  drainage,  a r e  also highly 

productive. Reworking of foundered de l t a s  during coas t a l  onlap combined wi th  d iagenet ic  and 

biogenic modif icat ion of t h e  sands  resul ted in a n  atypical ly poor recovery  ef f ic iency  of 21 

pe rcen t  f rom t h e  San Miguel - Olmos wave-dominated de l t a s  of t h e  Maverick Basin (play 12, 

fig. 1; t a b l e  2). Reservoi r  energy  in these  broadly len t icu lar  sands  is commonly supplied by 

solution-gas o r  combined drives,  r a the r  than  by t h e  wa te r  dr ives  t h a t  a r e  prevalent  in t h e  

Woodbine and F r i o  de l t a i c  sandstones. 

Barrier /Strandplain Sys tems 

Shore-zone te r r igenous  c las t ics  such  as t h e  F r io  and t h e  Jackson-Yegua bar r ie r /  

s t randplain sands tone  plays of t h e  c e n t r a l  and southern  Texas  Gulf Coas t  Basin (fig, 8) 

accounted  for  12 pe rcen t  of t h e  OOIP in c l a s t i c  reservoi rs  (fig. 7A). T h e  F r io  bar r ie r /  

s t randplain sandstone play conta ins  46 reservoirs  and 2 g iant  f ie lds  (Tom O'Connor and West 

Ranch) and is t h e  l a rges t  of t h e  48 plays in Texas. This  play produces f r o m  s t acked  sands tones  

folded in to  broad rollover an t ic l ines  on t h e  downthrown s ide  of t h e  Vicksburg and Fr io  g rowth  

f a u l t s  (fig. 2). 

Clas t i c  ' barrier /s trandplain sys t ems  a r e  typif ied by well-sorted, la te ra l ly  continuous 

sandstones. They exhibi t  high recovery  ef f ic ienc ies  in plays such as t h e  F r io  barr ier /s trandplain 

sandstone,  where  s t ruc tu ra l  e n t r a p m e n t  resu l t s  in accumula t ion  of oil in t h e  massive, well- 

developed barr ier-core sands. Water-  o r  combinat ion-drive mechanisms a lso  c h a r a c t e r i z e  such  

plays. However,  s t r a t ig raph ic  e n t r a p m e n t  p laces  t h e  oil in t h e  updip back-barr ier  sands, which 

a r e  thin, shaly, and discontinuous. In such plays, solution g a s  provides most  of t h e  reservoi r  

energy,  and recovery  is only low t o  modera te .  T h e  weighted recovery  ef f ic iency  f r o m  

barr ier /s trandglain plays is 50 p e r c e n t  ( t ab l e  2). U l t i m a t e  r ecove ry  is e s t i m a t e d  t o  approach 

2.4 billion barrels ,  o r  15 percen t  of t h e  cumula t ive  production f r o m  c l a s t i c  reservoi rs  in Texas  

(fig. 7B). 

Slope/Basira Sys tems 

Paleozoic  submar ine  channel ,  fan,  and  turb id i te  sys t ems  of t h e  Pe rmian  Basin conta ined  

m o r e  than  a qua r t e r  of t h e  OOIP in Texas  c l a s t i c  reservoi rs  (fig. 7A). The  l a rges t  of t h e  t h r e e  

deep-water  basinal sands tone  plays is t h e  P e r m i a n  Spraberry-Dean t r end  of t h e  Midland Basin, 

which held approximate ly  10.6 billion bar re ls  of in-place oil (fig. 8). Tota l  OOIP in t h e  t h r e e  



deep-water  plays was  11.6 billion barrels .  T h e  reservoi rs  a r e  commonly  f ine-grained s i l t s tones  

and sandstones t h a t  display low permeabi l i t ies  and high residual  oil saturat ions.  In terna l  

compar tmen ta l i za t ion  and he terogenei ty  a r e  inherent  because  of t h e  deposi t ional  origin of t h e  

reservoirs.  Reservoir  ene rgy  is commonly  supplied by solution gas. Because  of poor reservoi r  

qual i ty  and  inef f ic ien t  reservoir  dr ive  mechanisms,  recovery  ef f ic ienc ies  a r e  cons is ten t ly  low; 

only 8 pe rcen t  of t h e  OOIP has  been  recovered  f r o m  th is  c lass  of reservoi rs  ( tab le  2). 

Slopelbasin sys t ems  a r e  an t i c ipa t ed  t o  yield only 5 p e r c e n t  of t h e  t o t a l  production f rom c l a s t i c  

reservoirs  of Texas  (fig. 7B). Considering t h a t  t hese  deep-water  c l a s t i c s  once  held m o r e  than  a 

qua r t e r  of t h e  oil r e source  in a l l  c l a s t i c  reservoi rs  (fig. 7A), i t  is obvious t h a t  t h e s e  submar ine  

f an l tu rb id i t e  sys t ems  con ta in  subs tant ia l  t a r g e t s  fo r  addit ional  recovery.  

Ca rbona te  Deposi t ional  Sys t ems  

Res t r ic ted-Pla t form Sys tems 

In con t r a s t  t o  t h e  distr ibut ion of OOIP in c l a s t i c  reservoirs ,  where  t h e  bulk of t h e  

resource  is fa i r ly  evenly d is t r ibuted  among f luvial /del taic ,  de l ta ic ,  bar r ie r l s t randpla in ,  and  

slope/basin sys tems,  t h e  distr ibut ion of OOIP in c a r b o n a t e  sequences  i s  overwhelmingly 

concen t r a t ed  in dolomit ized res t r ic ted-p la t form depos i t s  (figs. 9A and  10). Fully 6 1  pe rcen t  of 

. . . . . . . . . 
. . . . . . . . . .  

4. Original oi l  in place 8. Est imated ult imate recovery 

Figure  9. Exploded pie d iagrams i l lustrat ing t h e  relat ion be tween  reservoir  genesis  and  t h e  
pa t t e rns  of (A) oil accumula t ion  in and  (B) subsequent  production f r o m  c a r b o n a t e  reservoirs .  
Res t r ic ted-p la t form deposi ts  accoun t  fo r  m o r e  than  half of t h e  OOIP in c a r b o n a t e  sequences  
and will produce m o r e  oil than a l l  t h e  o the r  c a r b o n a t e  sys t ems  combined if c u r r e n t  production 
t r ends  persist.  



t h e  OOIP in carbonates  is contained in these  reservoirs, which a r e  composed of a spectrum of 

in ter re la ted  back-reef facies,  including restricted-shelf, lagoonal, and tidal-flat deposits. The 

nine plays of restr icted-platform origin accounted for  a lmost  34 billion barrels of OOIP 

( table  3). 

With t h e  exception of the  small cluster  of pools in t h e  Edwards Group on t h e  San Marcos 

Arch, most  of t h e  major restr icted-platform plays a r e  on t h e  Centra l  Basin Platform and t h e  

northern and eas tern  shelves of t h e  Permian Basin. The 12 plays i l lustrated in f igure 11 

originally contained more  than 52 billion barrels  of oil, or 86 percent  of t h e  OOIP in carbonates.  

The productive c o r e  of t h e  Permian Basin is i l lustrated in g rea te r  deta i l  in f igure 12, which 

fur ther  emphasizes t h e  enormous volumes of oil t h a t  a r e  contained in restr icted-platform 

deposits. These Permian reservoirs a r e  principally of Guadalupian (San Andres - Grayburg) and 

Leonardian (Clear Fork) age. 

Restricted-platform deposits do not readily release entrapped oil. Ul t imate  recovery by 

primary and secondary methods is es t imated t o  b e  10.3 billion barrels, or just 30 percent of t h e  

original resource ( table 3). These reservoir deposits originated on shallow-water platforms 

under arid and evaporit ic  c l imat ic  conditions. Diagenesis of original sediments produced 

extensive beds of dolomite t h a t  typically exhibit low porosity and permeability values. The 

resulting reservoirs a r e  highly s t ra t i f ied  and display moderate  t o  high residual oil saturations 

following primary and secondary production. Isolation of permeable zones within lithologically 

Table 3. Production s ta t i s t ics  fo r  major carbonate  reservoirs in Texas. Reservoir genesis 
i l lustrated in f igure  10. The unconformity-related play produces from many gene t i c  

fac ies  and is therefore  t r e a t e d  a s  a separa te  play. The Austin-Buda fractured- 
chalk and cap-rock plays a r e  not  included because of insufficient information. 

Estimated Range of Average Weighted 
ul t imate  recovery recovery recovery 

Play Number OOIP recovery efficiency efficiency * efficiency? 
genesis of plays (billion bbl) (billion bbl) (%) (96) (%) 

Restricted platform 9 33.6 10.3 21-48 32 30 

Platform margin 5 8.6 3.5 23-50 34 41 

Atoll/pinnacle 3 6.0 3.0 44- 5 1 48 50 
reef 

Open shelf 2 3.5 1.4 38-40 39 4 0 

Ramp 3 2.0 0.8 29-49 40 4 0 

Unconformity- 1 - 1.3  0.4 26 26 - - 
related 55.1 19.3 35 

*Average recovery efficiency is the average of the  recovery efficiencies of each play in the  system. 

?weighted recovery efficiency for each system is determined by dividing the  estimated total  ult imate recovery for all 
the  plays in the  system by the  total  OOIP in the system. 



heterogeneous sequences results in dominance of solution-gas drives. Together,  t h e  compara- 

tively inefficient  drive mechanism, strat if ication,  and combined depositional and diagenetic 

heterogeneity result in low t o  moderate  recovery efficiencies. However, because of t h e  

enormous reserves of oil t h a t  these  reservoirs contain, they will still  account  f o r  5 3  percent of 

al l  production f rom carbonates (fig. 9B). 

Restricted Platform 

Pinnacle Knoll Atoll Barrier Reef/Bank Fringing Reef/Bank 

Plotform Reef /Bank 

REEF/ BANK MORPHOLOGY 

VARIATIONS 

SPECIFIC TYPES Arid (Sabkha) Humid 

I 
Framework Reef Organic Bank Mud Bank Grainstone Bank 

Figure 10. Carbonate  depositional systems t h a t  typically host oil resources in Texas, f rom 
Galloway and others  (1 983); modified from Wilson (1975). Restricted-platf orm deposits, which 
l i e  on t h e  landward side of fringing or barrier  reefs  and banks, contain t h e  larges t  resources of 
oil in carbonate  rocks in Texas. Platform-margin and atoll/pinnacle-reef systems also contain 
l a rge  volumes of oil. 



Platform-Margin Systems 

Platform-margin deposits, which inciude both reefa l  l imestones and nonreefal  l imestones 

and sandstones draped over the  shelf margin, account  fo r  16 percent  of t h e  OOIP in carbonates  

(fig. 9A). An example is t h e  Permian sandstone and carbonate  play on t h e  west  flank of t h e  

Centra l  Basin Pla t form (fig. 12), where reservoir fac ies  a r e  porous Permian carbonates  and 

Guadalupian sandstones (San Andres through Yates,  fig. 3A). Platform-margin deposits con- 

tained more  than 8.6 billion barrels  of OOIP (table 3). 

Figure 11. Principal carbonate  plays of Texas t h a t  contained more  than 1 billion barrels  of 
OOIP. For more  detai led illustration of t h e  Permian Basin plays, s e e  f igure  12. 



Organic  r e e f s  and banks along shal low-water ,  submerged p l a t fo rm edges  display d iverse  

lithologies and d iagenet ic  histories. Unlike t h e  r ee f s  t h a t  g r e w  upward f rom deep-water  open 

she lves  and w e r e  encased  in shale,  t h e  platform-margin r ee f s  and banks commonly  g r a d e  

la te ra l ly  and ver t ica l ly  i n to  a va r i e ty  of seal ing o r  less  pe rmeab le  s t r a t a .  Fu r the r ,  f a c i e s  be l t s  

t end  t o  be  thin, narrow, highly e longate ,  and in terna l ly  complex.  Reservoi r  qual i ty  commonly  

r e f l ec t s  g r e a t  modif icat ion of original s ed imen t  tex ture .  A t  o n e  e x t r e m e ,  leaching by f r e s h  

wa te r  has produced vuggy, cavernous  porosi ty (and an  exce l l en t  reservoir)  at Y a t e s  f ie ld  

Northern Shelf Permian 
carbonate ( 11.2) 

Platform margin 

(4.0) Estimated OOlP in play 
(billion bbl 

Eastern Shelf Permian 
carbonate ( 3.0) 

red 

Figure  12. Major c a r b o n a t e  plays of t h e  Pe rmian  Basin. T h e  C e n t r a l  Basin P la t fo rm was  t h e  
s i t e  of t h e  concen t r a t ion  of enormous  volumes of oil, principally in res t r ic ted-p la t form 
carbonates .  



(fig. 12), where  u l t ima te  recovery  will b e  50 p e r c e n t  of t h e  OOIP on t h e  basis of c u r r e n t  

production t r ends  ( t ab l e  3). More commonly,  permeabi l i ty  is highly s t r a t i f i ed  and len t icu lar ,  

and recovery  ef f ic ienc ies  a r e  low, averaging 34 p e r c e n t  ( tab le  3). T h e  weighted  recovery  f r o m  

platform-margin sys t ems  i s  41 p e r c e n t  ( t ab l e  3) because  of high yield f r o m  t h e  Y a t e s  field. 

Atoll/Pinnacle-Reef Sys tems 

Open-shelf atol l ,  pinnacle-reef, and patch-reef  plays such as t h e  Horseshoe Atoll  (fig. 12) 

account  f o r  11 pe rcen t  of t h e  OOIP in carbonates .  The  weighted  recovery  of oil f rom t h e s e  

sys tems,  which a r e  buried by basinal sha les  and mudstones, i s  50 pe rcen t ,  t h e  highest  of al l  t h e  

ca rbona te  plays ( tab le  3). En t r apmen t  resu l t s  f r o m  burial of porous c a r b o n a t e  mounds within 

impermeab le  seal ing shales. Most reservoi rs  in t h e s e  r ee f lbank  complexes  exhibi t  solution-gas 

drive,  augmen ted  by wa te r  dr ive  in cases where  t h e  base  of t h e  c a r b o n a t e  mass connec t s  t o  a 

widespread l imes tone  unit. T h e  ve r t i ca l  re l ie f ,  l a t e r a l  isolation, s t rongly  developed layering of 

permeabil i ty,  and  l a rge  reserves  typica l  of open-shelf reef  and bank reservoirs  have  resul ted in 

ex tens ive  unit izat ion and s y s t e m a t i c  f ield development  (Galloway and o thers ,  1982). As  a 

resul t ,  recovery  ef f ic ienc ies  a r e  unusually high, par t icu lar ly  f o r  reservoirs  dominated  by 

solution-gas drive. U l t i m a t e  recovery  will b e  abou t  16  p e r c e n t  of t h e  t o t a l  yield f rom 

c a r b o n a t e  reservoirs  in Texas  (fig. 9B). 

Open-Shelf and  R a m p  Sys tems and Unconformity-Related Reservoi rs  

Limesto.nes and  dolomites of severa l  plays, including much of t h e  West Texas  Ordovician 

(Ellenburger) and Silurian-Devonian production, a r e  t en t a t ive ly  in t e rp re t ed  t o  have  been  depos- 

i t ed  on broad, shallow t o  modera te ly  deep,  gent ly  sloping c a r b o n a t e  shelves commonly  ca l led  

r amps  (fig. 10). O i l  accumula t ion  and recovery  a r e  control led la rge ly  by postdeposi t ional  

modif icat ions of t h e  original c a r b o n a t e  s t r a t a ,  including dolomit izat ion,  folding and f rac tur ing ,  

erosional  t runcat ion  and associa ted  diagenesis,  leaching,  and si l icif icat ion.  Consequently,  

recovery  ef f ic iency  varies ,  general ly ranging f r o m  poor t o  a v e r a g e  ( tab le  3). Younger s t r a t a ,  

such  as t h e  Glen Rose  l imes tone  in t h e  E a s t  Texas  Basin, con ta in  a f e w  major  reservoi rs  in 

s imilar  set t ings.  These  diagenetical ly s impler  reservoirs  display be t te r - than-average  u l t i m a t e  

recoveries .  Dr ive  mechanisms a r e  e i the r  solut ion gas  o r  mixed types,  including na tura l  w a t e r  

dr ive  (Galloway and o thers ,  1982). Weighted recovery  ef f ic ienc ies  fo r  r a m p  and open-shelf 

plays vary accordingly but  a v e r a g e  40 percent .  

Unconformity-related t r aps  produce  f rom a va r i e ty  of reservoir  f a c i e s  bu t  exhibi t  

consistent ly low recoveries ,  averaging only 26 percent .  In shelf ,  ramp,  and  unconformity-  

r e l a t ed  reservoirs ,  OOIP amoun t s  t o  12  p e r c e n t  and u l t i m a t e  recovery  1 3  p e r c e n t  of t h e  t o t a l  

fo r  Texas  ca rbona te s  (fig. 9). 



Prediction of Reservoir Recovery Efficiency 

The efficiency of primary oil recovery is largely determined by th ree  groups of variables: 

(1) basic rock properties, including lithology, permeability, and continuity, which a r e  in turn 

determined by reservoir genesis, (2 )  drive mechanism (reservoir energy), and (3) fluid properties. 

A cross plot of reservoir genesis and drive mechanism versus recovery efficiency shows well- 

defined trends of decreasing oil recovery in both c las t ic  and ca rbona te  systems (fig. 13). In 

c las t ic  reservoirs, t h e  highest recoveries occur f rom water-driven del ta ic  sandstones and t h e  

lowest f rom slopelbasin sandstones, where energy is supplied by solution gas. Recovery 

efficiencies of t h e  plays vary f rom 8 t o  80 percent.  The carbonate  plays do  not exhibit a s  broad 

Reservoir genesis and dr ive mechanism QA-1219 I 
Figure 13. Cross  plot of recovery efficiency range versus reservoir genesis and drive 
mechanism fo r  major c las t ic  and carbonate  oil reservoirs in Texas. Reservoir genesis and drive 
mechanism define predictable trends in recovery efficiency. Drive mechanisms: W - water ;  
GCE - gas-cap expansion; GD - gravity drainage; SG - solution gas; M - mixed (some 
combination of W, GCE, and SG). 



a range of recovery efficiencies; however, a similar t rend of decreasing recovery corresponds t o  

increasing depositional and diagenet ic  complexity (fig. 13). 

The average recovery f rom a reservoir or  group of reservoirs may b e  reasonably predicted 

by cross plotting t h e  gene t i c  history of t h e  reservoir, t h e  drive mechanism, and t h e  oil gravity. 

With t h e  exception of t ight  sandstones (slopelbasin plays and t h e  San Miguel - Olmos del ta ic  

sandstone play), which have lower recoveries, the  recoveries f rom c las t i c  reservoirs will equal 

or  exceed those from carbonate  reservoirs. In general, water-driven shore-zone reservoirs, such 

a s  del ta ic  and barrierlstrandplain deposits, will produce more  in-place oil than will the i r  updip 

fluvial o r  downdip deep-water counterparts .  In contras t ,  ca rbona te  reservoirs of deep-water 

origin, such a s  a f ~ l l / ~ i n n a c l e - r e e f  and open-shelflramp systems,  a r e  more  likely t o  exhibit high 

recovery efficiencies than a r e  thei r  depositionally and diagenetically complex, shallow 

subaqueous equivalents. 

CANDIDATES FOR ADDITIONAL OIL RECOVERY 

As a class, the  large  reservoirs addressed in this study a r e  character ized by anomalously 

high recovery efficiencies. However, a wide range of recovery is encompassed by t h e  

delineated plays. A few a r e  expected t o  yield less than 10 percent  of t h e  OOIP; at the  o the r  

ext reme,  several  plays a r e  projected t o  yield in excess of 60 percent  of t h e  OOIP. 

Principal l imits  on production efficiency include low permeability, low oil gravity (high 

density), high residual oil saturation in t h e  swept zone (commonly a result of abundant 

microporosity and high oil viscosity), and reservoir compartmentalization or heterogeneity a t  a 

scale  smaller  than conventional well spacing. Plays in which rock or fluid propert ies r e s t r i c t  

recovery a r e  primarily t a rge t s  for t e r t i a ry  recovery processes. Those reservoirs in which 

depositional or diagenetic complexity significantly l imits  recovery a r e  potential  t a rge t s  fo r  

additional oil recovery using primary or secondary recovery techniques. Determination of t h e  

to ta l  amount of oil t h a t  const i tu tes  t h e  t a r g e t  f o r  additional, bu t  nontert iary,  recovery within 

each play depends primarily on the  accuracy of e s t ima tes  of OOIP, u l t imate  recovery, and 

residual oil. 

Within t h e  l imitat ions imposed by t h e  data ,  t h e  calculated infill t a r g e t  fo r  each play is 

given in table  4. The to ta l  potential  t a rge t  for  additional oil recovery using nontert iary 

techniques (in reservoirs where low permeability or oil gravity do  not r e s t r i c t  production) is 

19.9 billion barrels, or nearly 20 percent of t h e  to ta l  OOIP. Extrapolation t o  all Texas oil 

reservoirs yields nearly 30 billion barrels  of t a r g e t  oil (Fisher and Galloway, 1983). The validity 

of the  calculated percentage is indirectly substantiated by results  of a comparison of OOIP 

calculated by volumetric and by mass-balance methods in t h e  Fullerton field, a major San 

Andres producer (George and Stiles, 1978). Using t h e  same  d a t a  base, the  volumetric 

calculat ion was higher, suggesting t h a t  only 75 percent  of t h e  OOIP has actually been contacted 



Table 4. Calculated volumes of oil t h a t  const i tu te  t h e  t a r g e t  fo r  additional recovery f rom 
t h e  major oil plays in Texas. Play number indicates location of play in f igure 1. The 
piercement-salt-domes play (number 7) is  not  included because of insufficient data.  

Play 

Est imated  
u l t imate  Unrecovered Residual oil Water  

OOIP recovery oil sa tura t ion  sa tura t ion  T a r g e t  oil* 
(million bbl) (million bbl) (%I (%) (96) (million bbl) 

1.  Eocene deltaic sandstone 243 93 6 2 13 2 8 49 

2. Yegua deep-seated sal t  domes 1,727 980 43 19 2 4 311 

3 .  Yegua salt-dome flanks 5 4 29 4 7 24 23 9 

4. C a p  rock --- --- No d a t a  --- --- 

5. Frio deep-seated sal t  domes 4,491 2,590 42 17 26 855 --- I 
6 .  Frio (Buna) barrierls trandplain 102 7 5 26 14 35 6 

sandstone 

8. Frio barrierJstrandplain 4,222 2,235 47 25 26 560 
sandstone 

9. Wilcox fluvial/deltaic 182 89 5 1 29 29 19 
sandstone 

10. Jackson-Y egua 1,132 427 6 2 27 33 249 
barrierls trandplain sandstone 

11. Frio fluvial/deltaic sandstone 779 373 52 35 27 31 
(Vicksburg fau l t  zone) 

I 12. San Miguel - Olmos deltaic 840 178 79 30 48 177 1 
sandstone 

13. Edwards restr icted-platform 1 ,181  358 70 29 31 327 1 
carbonate  

I 14. Austin-Buda f rac tured  chalk --- --- --- 37 34 --- I 
15. Glen Rose carbonate  53 1 233 56 27 29 96 

(stratigraphic/structural t raps)  

Paluxy fau l t  line 

Cre taceous  sandstone (salt- 
related structures)  

Glen Rose carbonate  (salt- 
related structures)  

Eas t  Texas Woodbine sandstone 

Woodbine fluvial/deltaic/ 
strandplain sandstone 

Woodbine fau l t  line 

Strawn sandstone 

Bend ~ o n ~ l o m e r a t e t  

Caddo reef 

Upper Pennsylvanian shelf 
sandstone 

Pennsylvanian reeflbank 

Upper Pennsylvanian slope 
sandstone 

1 28. Eastern Shelf Permian carbonate  3 ,005  878 7 1 3 1 33 932 1 
[ 29. Horseshoe Atoll 4,691 2,412 49 28 25 563 1 
1 30. Spraberry-Dean sandstone 10,581 660 9 3 34 36 4,232*+ 1 
I 31. Cent ra l  Basin Platform 1,342 354 74 26 30 

I unconformity 
498 1 

32. Ellenburger f rac tured  3,150 1 ,270  60 29 20 
dolomite 756 1 



Table 4. (Cont.) 

Es t imated  
u l t imate  Unrecovered Residual oi l  Water  

OOIP recovery oi l  sa tura t ion  sa tura t ion  Targe t  oil* 
Play (million bbl) (million bbl) (%) (%) (%) (million bbl) 

33. Silurian-Devonian ramp 739 322 56 32 25 96 
carbonate  

34. Silurian-Devonian ramp 56 1 275 5 1 27 39 39 
carbonate  (South Cent ra l  
Basin Platform) 

35. Silurian-Devonian ramp 698 20 1 7 1 30 2 4 223 
carbonate  (North Cent ra l  
Basin Platform) 

36. Yates  a r e a  4,070 2 ,040  50 25 26 692 

37. San Andres - Grayburg 837 230 7 3 25 24 452 
carbonate  (Ozona Arch) 

38. San Andres - Crayburg 10,286 2,712 74 25 25 4,217 
carbonate  (South Cent ra l  
Basin Platform) 

39. San Andres - Crayburg 2,400 818 66 26 19 816 
carbonate  (North Cent ra l  
Basin Platform) 

40. Permian sandstone and 2 ,961  1 ,053  64 32 37 385 
carbonate  

41. Clear  Fork platform carbonate  4 ,084  924 7 7 30 28 1,429 

42. Queen platform/strandplain 324 103 68 26 37 87 
sandstone 

43. Wolfcamp platform carbonate  388 125 68 32 25 9 7 

44. Pennsylvanian platform 442 101 7 6 35 28 119 
carbonate  

45. Northern Shelf Permian 12,021 4,209 65 40 23  1 ,562  
carbonate  

46. Delaware sandstone 484 92 81 19 41 237 

47. Panhandle gran i te  wash/ 6 ,060  1,450 76 35 37 1 ,212  
dolomite 

48. Panhandle Morrow sandstone 188 5 3  72 27 33 - 60 

Total  101,282 38,397 19,938 

*Targe t  oil = [percent  unrecovered - (ROS/I-Sw)] x OOIP. ROS = residual  oil sa tura t ion ;  Sw = w a t e r  saturat ion;  
OOIP = original oil in place. 

t ~ a n ~ e r  f ield removed f r o m  calculat ion because  of inadequate  da ta .  

**Total should be  signif icantly reduced because  of low permeabil i ty and f rac tured  n a t u r e  of most  reservoirs;  only 
one  four th ,  o r  1,050 million barrels ,  was  included in f inal  summat ion  of t a rge t .  



by producing wells and was thus reflected in t h e  mass-balance calculation. In other words, 25 

percent of t h e  OOIP remained as  a t a rge t  for  infill development (George and Stiles, 1978). 

Recovery efficiencies of plays in North-Central and West Texas and t h e  Texas Panhandle 

a r e  decidedly lower than a r e  those of Coastal  Plain and East  Texas plays. Consequently, 

t a rge t s  for additional oil recovery abound in t h e  Paleozoic province north and west of t h e  

Marathon-Ouachita structural  f ront  (fig. 14). Principal t a rge t s  a r e  concentra ted on t h e  Centra l  

C- ~nconforrn~ty-related traps Slope/ bas~n 

1692) Target oil for Infield oil exploration 
in ploy l m ~ l l i o n  bbll 

I I 

Figure 14. Geographic distribution of t a rge t  oil potentially available for  additional recovery 
from major Texas reservoirs. North of t h e  Marathon-Ouachita s t ructura l  f ront ,  only those plays 
having more  than 500 million barrels of t a rge t  oil a r e  shown; those shown t o  t h e  south of t h e  
divide have a cutoff of 100 million barrels of t a rge t  oil. Most of t h e  t a rge t  oil remains in 
Paleozoic carbonates of t h e  Permian Basin. 



Basin P la t fo rm and on t h e  nor thern  and e a s t e r n  shelves of t h e  Pe rmian  Basin. In f a r  nor thern  

Texas,  t h e  Panhandle granite-wash/dolomite play a lone  has  a t a r g e t  in excess  of 1 billion 

barrels.  Ta rge t s  fo r  addit ional  oil recovery  in t h e  Gulf C o a s t  province a r e  subs tant ia l ly  

smaller ;  t h e  F r io  deep-sea ted  sal t-domes and bar r ie r l s t randpla in  sands tone  plays conta in  t h e  

l a rges t  t a r g e t s  f o r  addit ional  recovery  (fig. 14). 

Restr icted-platf  o rm deposi ts  conta in  a lmos t  10 billion bar re ls  of t a r g e t  oil ( t ab l e  5), o r  

72 pe rcen t  of t h e  oil potential ly avai lable fo r  addit ional  r ecove ry  f rom ca rbona te s  (fig. 15). 

The  t o t a l  t a r g e t  in ca rbona te s  is m o r e  than  t w i c e  t h a t  conta ined  in c las t ics ,  which amoun t s  t o  

6.2 billion bar re ls  ( tab le  6). Slopelbasin sandstones conta in  t h e  l a rges t  t a r g e t  of t h e  c l a s t i c  

plays. This t o t a l  t a r g e t  has  been  substant ial ly reduced because  of t h e  low permeabil i ty and 

f r a c t u r e d  n a t u r e  of most  of t h e  reservoirs  in t h e  Spraberry-Dean t rend ,  where  only o n e  q u a r t e r  

of t h e  t o t a l  t a r g e t  is considered avai lable fo r  addit ional  recovery.  Because of poor recovery  

f r o m  t h e  Panhandle  f ield,  f luvia l /de l ta ic  sys t ems  also conta in  a l a rge  t a r g e t  fo r  addit ional  oil  

recovery.  

Tab le  5. T a r g e t  oil avai lable fo r  addit ional  recovery  in major  c a r b o n a t e  reservoi rs  in Texas. 

Estimated Recovery Target 
Play OOIP ultimate recovery efficiency oil 
genesis (billion bbl) (billion bbl) (%I (million bbl) 

Res t r i c t ed  33.6 10.2 30 9,837 
p la t fo rm 

P la t fo rm margin 8.6 3.5 4 1 1,531 

Open shelf * 3.5 1.4 4 0 852 

R a m p  2.0 0.8 4 0 358 

A tol l /pinnacle 6.0 3.0 5 0 652 
reef  

Unconformity 1.3 0.4 2 6 498 
re l a t ed  

Tota l  t a r g e t  13,728 

* Austin-Buda f rac tured-chalk  play not  included in t h e  summat ion  because  of insuff ic ien t  da ta .  



Unconformity 

------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
---------- - - - - - - - - - ---------- 
-Slope/basin_ I-:-> 

- - --230/o-- --- . . Plat form.  . ----------- ---------- 

A. Carbonate reservoirs 0. Clastic reservoirs 

Figure 15. Distribution of t a rge t  oil in (A) carbonate  reservoirs and (B) c las t ic  reservoirs. 

Table 6. Target  oil available for additional recovery in major c las t ic  reservoirs in Texas. 

Estimated Recovery Target 
Play 0 8 I P  ultimate recovery efficiency oil 
genesis (billion bbl) (billion bbl) (96) (million bbl) 

Fluvial 1.5 0.6 4 0 328 

Barrier/ 5.8 
strandplain 

Total  t a r g e t  6 ,210 

*Only 25 percent  of t a rge t  oil was included in t h e  calculation because t h e  reservoir 
sandstones a r e  t ight  and fractured.  



CONCLUSIONS 

The e f fec t s  of drive mechanism, lithology, permeabil i ty,  API gravity,  and viscosity on 

reservoir performance a r e  well known. An additional important  control  on recovery eff ic iency 

t h a t  has been emphasized in this study is reservoir genesis. Depositional histories of reservoirs 

clearly influence pat terns  of oil accumulation and subsequent recovery. In t h e  c las t ic  suite, oil 

is distributed fair ly evenly throughout paralic and basinal sandstones. Del ta ic  reservoirs yield 

oil most  efficiently, whereas t h e  strat igraphically and diagenetically complex, deep-water slope 

and basinal sandstones a r e  poor producers. 

Most of t h e  oil in carbonate  reservoirs is  concentra ted  in restr icted-platform deposits. 

Yet,  recovery f rom these  dolomitized and anhydrite-cemented reservoirs is poor. Low 

recoveries, coupled with t h e  enormous volumes of oil contained in this  group of plays, make 

carbonate  reservoirs an  obvious choice for  additional recovery strategies.  

Targets  of variable s ize  occur in all the  plays examined. In addition t o  restr icted- 

platform carbonates and slopelbasin sandstones, platform-margin carbonates,  de l ta ic  sandstones 

in t h e  Houston sa l t  basin, and barrier/strandplain sandstones offer  t h e  best potential  fo r  

improved oil recovery. 
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APPENDIX 

Trap Styles in Gulf Coast  Plays 

Oil in major reservoirs in t h e  Gulf Coas t  and East  Texas Basins is trapped in s t ructures  of 

t h r e e  broadly defined s t ructura l  styles. Fault-bounded t raps  a r e  less productive than a r e  

strat igraphic t raps  or sal t-related s t ruc tu res  (fig. 16). The fault-bounded and strat igraphic t r a p  

ca tegor ies  can be  fu r the r  divided into two subclasses: One  is composed of simple fault-bounded 

s t ructures  in which the  displaced block may be  e i ther  upthrown or downthrown relat ive t o  t h e  

autochthonous block; fault ing postdates deposition, and folding is commonly minor. Examples 

include the  Woodbine and Paluxy fault-line plays of East  Texas and t h e  Edwards and Wilcox 

plays of Centra l  Texas (fig. 16). The second subclass comprises complex fault-bounded 

s t ructures  in which t h e  allochthonous block is downthrown along a basinward-dipping, concave 

f a u l t  plane. Syndepositional fault ing and concomitant  anticlinal folding of t h e  downthrown 

sediments deform a thickened section into elongate,  strike-parallel rollover anticlines, which 

const i tu te  t h e  trap. Fr io  plays along t h e  centra l ,  southern, and, t o  a lesser degree,  upper Texas 

Gulf Coast  a r e  examples. Trap styles merge and become less distinguishable where t h e  Frio and 

Vicksburg faul t  zones en te r  t h e  Houston salt-structure province. 

Strat igraphic t raps  in t h e  Gulf Coast  Basin a r e  diverse and range f rom classic unconform- 

ity-related traps, such as a t  t h e  East  Texas field, t o  t h e  f rac tured chalks of t h e  Austin-Buda 

play. Because the  f rac tu red  zones in t h e  Austin Chalk a r e  strongly re la ted  t o  lithology, t raps  of 

this  nature  a r e  considered part ly s t ra t igraphic  in origin. Mud-encased, wave-dominated del ta ic  

sand bodies occur locally a s  the  t r a p  mechanism in t h e  San Miguel - Olmos del ta ic  sandstone 

play, a s  do unconformity-related structures.  

The bar graph in f igure  16 i l lustrates t h e  re la t ive  importance  of each of these  t r a p  styles. 

Grouping all of t h e  OOIP in the  s t ra t igraphic  t r ap  plays (including f rac tured chalk) into a single 

ca tegory allows t h e  emergence of s t ra t igraphic  t r aps  a s  t h e  dominant mechanism fo r  t h e  

concentrat ion of hydrocarbons on the  Gulf Coast .  Of almost  equal importance  a r e  sal t-related 

s t ruc tu res  of t h e  East  Texas and Houston salt-structure provinces. About one third of the  oil 

resource in t h e  Gulf Coast  Basin is contained in s t ructures  formed by t h e  migration of sa l t  in to  

diapirs and domes and by t h e  formation of sal t-related tu r t l e  structures.  In t h e  East  Texas sal t-  

s t ruc tu re  province, most oil is produced f rom deep salt-cored anticl ines (76 percent). Produc- 

t ion from tur t le-s t ructure  anticl ines is a distant  second (22 percent), and piercement  sa l t  domes 

account fo r  t h e  remaining 2 percent  of production (Wood and Giles, 1982). 



TRAP MECHANISM 

Growth - fau l t  -bounded 
rollover anticlines 

2 Glen Rose carbonote (salt-related 
structures) 

3 Woodbine fluvial /deltaic / strandplain 
sandstone 

4 Frio deep-seated salt domes 

5 Yegua deep-seated salt domes 

6 Yegua salt-dome f lanks 

8 Frio (Buna)  barr ier /s t randpla in  sandstone 

9 Wilcox f luv ia l  / deltaic sandstone 

10 Edwards restr icted-platform 
carbonote 

Figure 16. Dominant trapping mechanisms in t h e  Cretaceous  and Ter t iary  plays of t h e  Texas 
Gulf Coast .  Bar graphs represent  t h e  percentage of t h e  to ta l  original in-place oil resource  of 
this region t h a t  s t ructures  in each category contain. 
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