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INTRODUCTION

This study updates previous work on oil and gas production in the P'ermian and Fort Worth

Blasins by Galloway and others (1983), Kosters and others (1989), and Holtz and others (1993).
The original delineation of oil plays in Texas was published by Galloway and others (1983) in the

Allas of Major Texas Oil Reservoirs, which classified into plays all oil fields that had produced

ore than 10 MMbbl of oil through 1981. Gas reservoirs that had produced more than 10 Bcf of

gas through 1986 were grouped into gas plays in the Atlas of Major Texas Gas Reservoirs
(Kosters and others, 1989). In 1993, Holtz and others updated and expanded the data base from
the two atlases. The Update of Atlas of Major Texas Oil Reservoirs Data Base and Atlas of Major
Texas Gas Reservoirs Data Base (Holtz and others, 1993) updated cumulative production data
through December 31, 1992, for reservoirs already in the data base and added smaller but
significant-sized reservoirs (cumulative production >1 MMbbl of oil equivalent [boe]) to the data
base. The addition of new reservoirs to the data base resulted in the deification of existing plays
and the determination of several new oil plays. Play boundaries were also modified to

accommodate the additional reservoirs.

- The goals of this project were (1) to update cumulative production data through December 31,

D98, for all oil and gas reservoirs in the Permian and Fort Worth Basins, Texas, that were

cluded in the data base of Holtz and others (1993) and (2) to add additional reservoirs now

having cumulative production greater than 1 MMboe to-the data base. (Reservoirs having
production >i MMboe are referred to as “significant” reservoirs in this report). Following the U.S.
Geological Survey (1995), ‘this report uses a value of 6,000 cf of gas to equal 1 boe; 6 Bcf is
therefore the equivalent of 1 MMbbl of oil. The new reservoirs were assigned to plays, and play
bpundaries from Holtz and others (1993) were modified to include the additional IeServoirs.
Because one oil reservoir and one gas reservoir did not fall into existin‘g. plays, new plays were

established for these reservoirs: the Mississippian Platform Carbonate (0il) play in the Permian
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asin and Barnett Shale (gas) play in the Fort Worth Basin. Information about the two new plays
provided in this report.

Oil and gas production data used to update cumulative production and to identify additional

ignificant reservoirs to add to the data base were obtained from the Railroad Commission of Texas

D98 Oil & Gas Annual Report (Railroad Commission of Texas, 1999). Information used to
ssign new reservoirs to geologic plays was derived primarily from the hearing files of the

ailroad Commission of Texas.

OIL-RESERVOIR PLAYS

The Holtz and others (1993) data base of oil reservoirs contains 873 reservoirs from the
ermian Basin (fig. 1) and 91 reservoirs from the Fort Worth Basin (fig. 2). Cumulative
roduction from those reservoirs was updated through the end of 1998 on the Excel™ worksheet
Dil_updated.xls” on the disk that accompanies this report. All other data shown in that data base
e unchanged from the Holtz and others (1993) report.

Since the 1993 study was completed, an additional 176 reservoirs have produced more than
MMbbl of oil through 1998, including 166 reservoirs in the Permian Basin and 10 in the Fort
/orth basin. Information about these reservoirs is summarized on the Excel™ worksheet
Dil_new.xls” on the accompanying disk.

The 176 additional significant reservoirs were assigned to plays (tables 1, 2). A complete

isting of oil plays in the Permian and Fort Worth Basins appears in appendix A. The numbers

ssigned to the plays are those used by Holtz and others (1993), who defined 63 oil plays
iroughout Texas. Thirty of the plays defined by Holtz and others (1993) occur in the Permian or
ort Worth Basins. Only one of the new reservoirs did not fall into an existing play, leading to the

efinition of a new oil play: the Mississippian Platform Carbonate. In addition, four oil plays were

renamed to more accurately reflect the geologic origin or age of the reservoirs within them:

) Pennsylvanian Reef/Bank changed to Pennsylvanian and Lower Permian Reef/Bank,
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(2) Upper Pennsylvanian Slope Sahdstone changed to Upper Pennsylvanian and Lower Permian
Slope and Basinal Sandstone, (3) Pennsylvanian Platform Carbonate changed to Pennsylvanian
Reservoirs, and (4) Abo Reef changed to Abo Platform Margin Carbonate.

The oil plays having the greatest number of additional significant reservoirs since 1993 are the
Leonardian Restricted Platform Carbonate (18 reservoirs), the Spraberry/Dean»Submavlrine—Fan
Sandstone (15), the Horseshoe Atoll (12), and‘ the Ellenburger Karst-Modified Restricted Ramp
Carbonate (12). The outline of many oil plays remained the same, but boundaries of plays 25, 26,
2Y,35,37,42,43, 44, 52, 54, and 59 (app. A) were modified to accommodate the additional
rgservoirs added dufing this study. The largest change was to play 52, which expanded from the
Pérmian Basin to include aﬁ area in the Fort Worth Basin. The outlines of all ol plays in the
Permian and Fort Worth Basins, shown in figures 3 through 6, are contained in digital format on

‘the accompanying data disk.

DESCRIPTION OF NEW OIL PLAY

- The Mississippian Platform Carbonate play in the Permian Basin includes one new reservoir»,‘
Moonlight (Mississippian) in Midland County, and one reservoir that was misclassified in the 1993
data base, Lamesa, West (Mississippian), in Dawson County. Several smaller reservoirs having
lesss than 1 MMbbl of cumulative production also produce from the Mississippian. Little
information is available about this play. The reservoirs are composed of shallow-water limestones
of Mississippian age (Ruppel, personal communication, 2000). Frenzel and others (1988) noted
that Osage and Merafnec carbonate strata in West Texas are not dolomitic like most of the pre-
Mississippian carbonates but generally consist of “finely crystalline, nonporous limestones”

(g. 275). The play is divided into two parts (fig. 4) because the Mississippian was removed by
erosion from an elongate area that extends from western Andrews County southeast to Crane

Cpunty (Frenzel and others, 1988).
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The source of oil in this play is unknown but might be the organic-rich Upper Devonian
Woodford Shale. The Woodford is more than 500 ft thick in parts of Loving, Ward, and Winkler
Cpunties, and total organic carbon measured in core samples ranges from 2.2 to 9.0 weight percent
(Comer, 1991). The Woodford Formation is in the oil window in the Midland Basin, Central
Basin Platform, and Eastern and Northwestern Shelves and in the gas window in the Delaware and

Val Verde Basins (Comer, 1991).

GAS-RESERVOIR PLAYS

The Holtz and others (1993) data base of gas reservoirs contains 287 reservoirs from the
P¢rmian Basin (fig. 1) and 32 reservoirs from the Fort Worth Basin (fig. 2). The values for
cumulative production in thé 1993 data base represented production since reservoir discovery, even
for fields discovered before 1970. Holtz and others (1993) used Dwight’s Energy data to obtain
the cumulative production information because the Railroad Commission of Texas provides only
cymulative gas production starting in 1970. For old fields discovered before 19701, there can have
begen significant pre-1970 production.

Cumulative production values for the reservoirs in the 1993 data base ére updated through the
end of 1998 on the Excel™ worksheet “Gas_updated.x1s” on the data disk that aécompanies this
report. The update was made by dur' adding the production from 1993 through 1998 to the value in
the Holtz and others (1993) data base, which represents all production from reservoir discovery
through 1992. All other data shown in that table are unchanged from the Holtz and others (1993)
report. |

According to the records of the Railroad Commission of Texas, since 1993, 72 additional
reservoirs in the Permian Basin aﬁd 17 reservoirs in the Fort Worth Basin have now produced
more than 6 Bcf of gas. Cumulafive production data for these reservoirs are listed on the Excel
wiorksheet “Gas_new.xls” on the data disk. Data were unavailable from Dwight’s Energy for the

cyrrent project. Because data from the Railroad Commission provide only cumulative production
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since January 1, 1970, there may be older gas reservoirs that have now produced more than 6 Bcf
that were not identified. Of the 89 reservoirs added in this update, because 61 were discovered
after 1970, no production is missing from the records of the Railroad Commission for them. The

28 reservoirs that were discovered before 1970, however, have actually produced more gas than is

listed.

Production data in the new and updated data bases include both nonassociated gas and

agsociated gas-well gas. Nonassociated gas is produced from reservoirs in which gas is the
primary resource and little, if any, liquid hydrocarbon is produced (Kosters and others, 1989).
Associated gas is produced from oil reservoirs and occurs as a gas cap in the reservoir (associated

gas-well gas) or in solution in the oil (asé'ociated casinghead gas). Only associated gas-well gas is

.. included in the data bases, not associated casinghead gas.

(0](

Because cycling of produced gas (reinjection of gas into the reservoir for pressure

maintenance) occurs in some oil reservoirs, cumulative production figures may be imprecise. No
adjustments for gas cycling were attempted in this project or the projects of Kosters and others

(1989) or Holtz and others (1993).

The 89 new reservoirs having 6 Bef of cumulative gas production were assigned to plays and

sybplays (tables 3, 4). A complete listing of g‘aé plays and subplays in the Permian and Fort Worth
Bhasins appears in appendix B. The letters and numbers assigned to the plays are those used by
Kpsters and others (1989), which defined 73 gas plays throughout Texas. No new gas plays were

added by Holtz and others (1993). Twenty-one of the plays defined by Kosters and others (1989)

cur in the Permian or Fort Worth Basins. Only one of the new reservoirs did not fall into an

existing play, leading to the definition of a new gas play in the Fort Worth Basin: MS-3 Barnett

Shale.

The gas plays with the greatest number of additional significant reservoirs since 1993 are

Upper Pénnsylvanian and Lower Permian Slope and Basinal Sandstone (22 reservoirs), Lower
and Middle Pennsylvanian Fan-Delta Sandstone and Conglomerate (16), and Midland and Val

Verde Basin Limestone (7). The outline of many of the gas plays remained the bsame, but the
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bgundaries of plays OR-1, OR-3, PM-1A, PM-3, PM-6, PN-5, PN-7, SD-1, and SD-3 were

mpdified to accommodate the additional reservoirs added during this study. The outlines of all gas

ays in the Permian and Fort Worth Basins, shown in figures 7 through 10, are contained in

gital format on the accompanying déta disk.

DESCRIPTION OF NEW GAS PLAY

One new gas play was delineated in this project, MS-3, the Mississippian Barnett Shale in the

Fort Worth Basin (fig. 7). The play contains one reservoir that has produced more than 6 Bcf, the

ewark, East (Barnett Shale), in Wise County. This reservoir was discovered in 1981, the year of
e first recorded completion in the Barnett Shale (Lancaster and others, 1993). By late 1999, more
an 428 wells were producing from the Barnett Shale (Petzet, 1999), with produbtioh
ncentrated in southeast Wise and southwest Denton Counties (fig. 7).

The reservoir in this unconventional gas play is the low-permeability Barnett Shale, which is
mposed of organic-rich shales deposited in a low-energy, shallow-marine shelf environment
iring the Mississippian (Henry, 1982). The Barnett Shale has an average total organic carbon

ntent of 4.5 percent (Lancaster and others, 1993) and is its own source rock. In the main

producing area of Wise and Denton Counties, jthe Barnett is divided into upper and lower shales by

a Jimestone (Lancaster and others, 1993). The flower Barnett Shale is the main producer, but wells

ve also been recently completed in the uppef Barnett Shale (Petzet, 1999).
The low-permeability Barnett Shale is a naturally fractured reservoir; hydraulic fracture
mulation is used to produce gas at economic rates. Natural fractures in the formation strike 100°

120°, whereas drilling-induced fractures generally strike from 45° to 80° (Hill, 1992). The

difference in orientation indicates that the current stress regime differs from that which existed

when the natural fractures formed (Hill, 1992). Good Barnett Shale wells have predicted recovery

about 1 to 1.3 Bef (Lancaster and others, 1993; Petzet, 1999).
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Figure 7. Gas plays in the Fort Worth Basin.
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Figure 8. Pre-Pennsylvanian gas plays in the Permian Basin.

23



Atoka Group Limestone
and Sandstone—
Delaware Basin

CULBERSON
LOVING

REEVES

Strawn Group
Shallow-Marine Carbonate,
Detrital Carbonates

Upper Pennsylvanian Carbonate
Platform Carbonates—
Central Basin Platform

COCHRAN| HOCKLEY | LUBBOCK | CROSBY | pICKENS
N\ .
Upper Pennsylvanian Carbonate—

YOAKUM TE(RRV LYNN GARZA KENT Horseshoe Atoll
GAINES \ BORDEN SG/RRY J

DAWSON Upper Pennsylvanian and

~_1/ g F;_D vl
ower Permian Slope
ANDREWS ( MARTIN | HowARD MITCHE% and Basinal Sandstones

Upper Pennsylvanian Carbonate—

o -—T0O

\
4 )
MIDLAND / i
INKLER | ECTOR  — - Upper Pennsylvanian and
\|/ ; Lower Permian Reef/Bank Limestone
a o :
WAR . .
CRANE Eu{mu ‘ . Atoka Group Limestone

3 ) - and Sandstone—

\ ‘ \ Midland Basin

~ .
oy LY
PECOS ~ N\ SCHLEICHER Strawn GrOUp
\ 6 L, CROCKETT™,| Shallow-Marine Carbonate—
ERfEL v SUTTON Midland and Val Verde
R e \ ' Basin Limestone
L 3
S~ S i J
) — .
VAL VERDE EOWARDS
100 mi
: 1 I | KINNEY
100 km QAc6865¢

Figure 9. Pennsylvanian gas plays in the Permian Basin.
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Figure 10. Permian gas plays in the Permian Basin.
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DATA-DISK FORMAT

The data disk included with this report contains reservoir-production data bases, play outlines
in digital format, and the text of this report. Reservoir-production data are in four Excel™ files,
“Oil_updated.xls,” “Gas_updated.xls,” “Oil_new.xls,” and “Gas_new.xIs” inside the Production
Data folder.

The updated oil and gas files contain all reservoirs from the Holtz and others (1993) report
that are located in the Permian and Fort Worth Basins. These reservoirs are listed in alphabetical
order by field and reservoir on the sheet “All”; reservoirs are also grouped by Railroad
Commission district on separate sheets. The cumulative production values have been updated
through December 31, 1998, but no other information in the tables has been changed. The
following information is listed in the updated files: Railroad Commission reservoir number
(RRC_RESN), Railroad Commission district (RRC), field name (FLDNAME), reservoir name
(RESNAME), county, discovery year (DISCYR), latitude (LAT_DEG), longitude (LONG_DEG),
depth in feet to top of reservoir (DPTHTOP), cumulative production through December 31, 1998
(CUMPROD), and Bureau of Economic Geology play code (BEG_PLAYCO). Cumulative oil
production is shown in barrels and gas production in MMcf.

The new oil and gas files contain reservoirs in the Fort Worth and Permian Basins that (1) had
produced more than 1 MMbbl of oil or 6 Bef of gas by December 31, 1998, and (2) were not listed
in the Holtz and others (1993) data base. A few of the new gas reservoirs appeared in the Atlas of
Major Texas Gas Reservoirs but for some reason were not included in the updated data base of
Holtz and others (1993). The files are on a multipage Excel™ worksheet in which reservoirs are
listed on separate pages by Railroad Commission district and in alphabetical order. A concatenated
list of reservoirs from all districts is called “All”; the reservoirs on this page are sorted by play code
then listed alphabetically by field and reservoir. Separate sheets list reservoirs in the Fort Worth

and Permian Basins in alphabetical order by field and reservoir. Gas reservoirs that were
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discovered before 1970 are shown in red to emphasize that the camulative production value does

nqt include pre-1970 production. The new files contain the same information, under the same

headings, as the updated files except that they do not ihclude latitude and longitude.

The disk also contains the play boundaries for all the o0il and gas plays in ARC/INFO format

anid Albers projection. Many of the play boundaries were modified to accommodate the additional

reservoirs added during this study, but the remainder of the play boundaries are unchanged from

the Holtz and others (1993) réport. The play outlines are in four folders on the disk: oil plays with
changed boundaries (newoil.shp), oil plays with unchanged boundaries (oldoil.shp), gas plays

with new boundaries (newgas.shp), and gas plays with unchanged boundaries (oldgas.shp) in the

Play Boundaries folder.
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APPENDIX A. TEXAS GEOLOGIC OIL PLAYS

PLAY CODE GEOLOGIC PLAY

Fort Worth Basin Plays
21 Strawn Fluvial/Deltaic Sandstone
22 Bend Conglomerate
23 Caddo Reef
52 Ellenburger Karst-Modified Ramp Carbonate
56 Mississippian Carbonate Buildup/Pinnacle Reef
Permian Basin Plays
25 Pennsylvanian and Lower Permian Reef/Bank
26 Upper Pennsylvanian and Lower Permian Slope and Basinal Sandstone
ZF Eastern Shelf Permian Carbonate
28 Horseshoe Atoll
29 Spraberry/Dean Submarine-Fan Sandstone
30 Simpson Marine Sandstone
31 Devonian Thirtyone Deep-Water Chert
32 Devonian Thirtyone Ramp Carbonate
33 Wristen Buildups and Platform Carbonates
34 Fusselman Shallow-Platform Carbonate
33 San Andres Karst-Modified Carbonate
36 Grayburg High Energy Carbonate—Ozona Arch
37 Grayburg Platform Carbonate
38 San Andres Platform Carbonate
39 Upper Guadalupian Platform Sandstone
40 Leonardian Restricted Platform Carbonate
41 Queen Tidal Flat Sandstone
42 : Wolfcamp Platform Sandstone
43 Pennsylvanian Reservoirs
44 Northern Shelf Permian Carbonate
45 Delaware Basin Submarine-Fan Sandstone
48 Miscellaneous
51 Ellenburger Karst-Modified Restricted Ramp Carbonate
52 Ellenburger Selectively Dolomitized Ramp Carbonate
54 Abo Platform Margin Carbonate
59 Wolfcamp Carbonate Debris-Flow
64 Mississippian Platform Carbonate
69 Reservoirs designated by Play Code 69 in the file “Oil_updated.xls” have been

transferred into, or combined with, other reservoirs. Cumulative production listed
for these reservoirs represents only production prior to the transfer date. No
geologic play is assigned to these reservoirs.
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PLAY CODE

MS-1
OR-1
OR-2
OR-3
PM-1
1A
1B
PM-2
PM-3
PM-4
4A
4B
PM-5
PM-6
PN-1
1A
1B
PN-2
2A
2B
PN-4
4A
4B
4C
PN-5
SD-1
SD-2
SD-3
SD-4

APPENDIX B. TEXAS GEOLOGIC GAS PLAYS

GEOLOGIC PLAY
Fort Worth Basin Plays

Mississippian Pinnacle Reef Limestone

Barnett Shale

Upper Marble Falls Platform Carbonate-Bank Limestone

Lower and Middle Pennsylvanian Fan-Delta Sandstone and Conglomerate

Permian Basin Plays and Subplays

Mississippian Carbonate, Deep Delaware Basin

Ellenburger Fractured Dolostone

Ellenburger Karst Dolostone

Simpson Group Marine Sandstone, Central Basin Platform
Wolfcamp Carbonate

Delaware Basin Debris-Flow Carbonates

Central Basin Platform Shallow-Water Banks and Reefs
Spraberry and Dean Sandstone, Midland Basin

Clear Fork Platform Carbonate

San Andres and Grayburg Platform Carbonate

Restricted Platform

Open-Marine Platform

Delaware Sandstone

Upper Guadalupian Platform Sandstone

Atoka Group Limestone and Sandstone

Delaware Basin

Midland Basin

Strawn Group Shallow-Marine Carbonate

Detrital Carbonates

Midland and Val Verde Basin Limestone

Upper Pennsylvanian Carbonate

Platform Carbonates, Central Basin Platform

Horseshoe Atoll

Upper Pennsylvanian and Lower Permian Reef/Bank Limestone
Upper Pennsylvanian and Lower Permian Slope and Basinal Sandstone
Siluro-Devonian Carbonate—Deep Delaware and Val Verde Basins
Siluro-Devonian Erosional Truncation

Siluro-Devonian Shelf Carbonate

Silurian Carbonate Pinch Out
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