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Introduction

The U.S. Energy Information Administrati@4 is adding and updating geologic information aneps
of the majortight oil andshalegas playdfor the continental United State3 his document outlines
updated information and maps for thé&/olfcampplay of thePermianBasin The geologifeatures
characterized include contoured elevation of the togaimation (structurg, contouredthickness
(isopach, paleogeography elementand tectonicstructures(such agegional faults anddids),as well
asplay boundaries, welbcation, andinitial wellheadproductionof wells producing frordanuary2005
throughSeptember2018

These geologic elements are documented ardgratedinto aseries of mapsThePermianBasinmaps
consist of layers of geologic and production information tiisgrscanview either as separate thematic
maps(such as Figure by asinteractive layerof the U.S EnergyMappingSystem Data sources include
DrillingInfo Inc. (D) acommercial oil anchaturalgas well databasehe United Stateseological Survey
(USGS)rexas Bureau dconomic Geolog@A reports, peerreviewed research paperandacademic
theses

Currently, EIA has access to wellel data, including more than 20,000 well logs from the Permian
Basin which are used for map constructiofhisreport containshe Wofcamp play sectioyincluding
subsectios on the Wolfcamp Anapsin the DelawareéBasin EIA will add gatial layers fostructure,
thickness, and productiomapsas well as corresponding report sections describing major plays of the
PermianBasinin the future asadditionalmaps arecreated

Permian Basin

The PermiaBasinof West Texas an8outheast New Mexico has generated hydrocarbons for about 100
years and supplied more than 33.4 billion barrels of oil and about 118 trillion cubic feet of natsiad ga
of September 2018mplemening hydraulic fracturinghorizontal drillingand completion technology
advancementsluring the past decadkas reversedhe productiondrop in the Permianand thebasin
hasexceededsts previouspeakin the early1970s In 2017, it accounted for 200f the total U.S. crude

oil production and about%of the total U.S. dry natural gas productidfor 2016, ElAstimates
remainingproven reservef the PermianBasinto exceedbs billion barrels of oiind 19.1trillion cubic

feet (Tcf) of natural gas, makiitgone of the largeshydrocarbonproducingbasirs in the Wited States
andthe world (EIA, 2017)

Regimal tectonic setting and geologic framework

ThePermianBasinis a complex sedimentary systdatated in the foeland of the MarathoqOuachita
orogenic belt. It covers an aredmore than 75,000 square miles and extends across 52 counties in
West Texas andditheast New Mexicol' he PermiaBasinwasdevelopedin the open marine area
knownasthe TobosaBasinin the middle Carboniferous period approximately 3@#liong320 million
years agdqGalley, 1958)TheancestralTobosaBasinwas formed byan asymmetric structurdlexurein
the Precambrian basement at the southern miar of the North American platie late Proterozoic time
(Beamont, 1981Jordan 1981). Duringpnsequenphases obasindevelopment, sediments eroded
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from the surrounding highlandsndwere deposited in thebasin(Brownet al, 1973;Dorobeket al,

1991).

The PermianBasinis now anasymmetrical, nortivest to southeastrendingsedimentary system
bounded by theMarathon-Ouachita orogenic belt to the south, the Northwest shelf and Matador Arch

to the north,the Diablo platform

to the west, and the Eastern shelf to the eastdiBar, 1990; Ewing,

1991, Hills, 198). Thebasinis comprised of several sdbasirs and platformsthree main sukdivisions
include the Delawar8asin CentraBasinPlatform, and the Midlan@asin(Figurel).
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o

Figurel. Major structural and tectonic featuresn the region of the PermiarBasin
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Source: U.S. Energy Information Admi

nistration based on DrillingInfo Inc., U.S. Geological Survey.

The tectonic history of the Midland and Delaw#&asirs is mostly affected by uplift of th€entralBasin

Platformand, to aless degregby
of the basindifferentiation occur
subsidence inhe Delaware and

thethrustingof the MarathorrOuachita orogenic belfhe mairphase
red duringennsylvanian and/olfcampian timebecause othe rapid
Midlan8asirs andthe uplift of the CentralBasinPlatform as shown by

sudden changes in thickness and lithology of Pennsylvanian to Permian strata. In the fault zone
surrounding theCentralBasinPlatform Strawncarbonates unconformably overlie lower to middle

Paleozoic strata. Thaignmentis
Platformperimeter was tectonic

a stratigraphic indicator that the fault zone along @entralBasin
ally active during late Pennsylvanian tBeeause ofleferential

movements of basement blocks, uplift of tkkentralBasinPlatformcreated differential subsidence and
variablebasingeometry in the adjacent Delaware and MidlaBdsirs. This stage of tectonic activity
lasteduntil the end of the Wolfcampian timaevhen the fast deformation and subgidce in the sub
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basirs stqpped.However basinsubsidence continuedntil the end of the PermiafOriel et al., 1967;
Robinson, K., 198§ ang and Dorobek, 1995

The Delawar®asinis bounded to the north by the Northwestern shelh the south by the Marathon
Ouachita fold belt, to the west by the Diablo Platform, amthe east by uplifted areas of théentral
BasinPlatformseparating the Delaware and MidlaBasirs. Anechelon pattern of high angle faults with
alarge vertical displacement are detected along the boundarigke€entralBasinPlatform which

itself is an uplifted, fautbounded structural high that is primarily carbonate in composition igaghly
faulted.

The MidlandBasinis boundedo the east by the Eastern shelf througlseries of northsouth trending
fault segments antb the north by the Northwest shelf. Southward, MidlaBdsinformations thin out
into the Ozona Arch, an extension@éntralBasinPlatform whichseparateghe Delaware and/lidland
Basirs (Figure ).

RegionalStratigraphy

The aje ofsedimentary rocksinderling the Permian system West Texaso Southeast New Mexico
ranges from Precambrian to Pennsylvanian. Typically, the oldest rocks immediately underlie Permian
rocksin uplift areas such ake CentralBasinPlatformandthe Ozona Arch. Pennsylvanian rocks are
commonacrosshe Delaware and Midlad Basirs and on the Northwesterand Eastern shelves.

Representativestratigraphic sections of all Paleozoic systems are present and reach a maximum
combined thickness in excess & @00 feetin the Val VerdeBasinandin the southern part of the
DelawareBasin The older Paleozoic systen@ambrian through Devonidqare found insedimentary
rocksaccumulatedn the ancestral TobodRasin an extensive stable marine depression. The Tobosa
Basinextended throughthe entire present day PermiaBasinregion.Pennsylvanian and Wolfcampian
times are characteristicof a period ofransition, indicatedby dructural deformation, differential
movements, increased clastic sedimentatiand development o€ontemporarytectonic elemats. The
Permiantime ismostlycharacterizedy a long period of sedimentaticendingwith cessation of tectonic
activity (Oriel et al., 1967RobinsonK., 1988).

Regional stratigraphic relationslsifor upper Carboniferous to upper Permian strata ie ffermian
Basinare shown orageneralized stratigraphic schenflaéigure 2and threegeologiccrosssections
(Figures3ch). These cross sections indicate differencdsasingeometry anahe effects of differential
uplift of the CentralBasinPlatform

Upper Pennsylvanian anlolfcampianstrata spread acrogbe entire PermiarBasin the thickest
accumulations, howevengre located in the centraind southerrparts of the DelawareBasin As shown
on Crossction A(Figure 3)this stratigraphic intervaduickly thirs out to the CentralBasinPlatform, in
contrastwith the more gradual thickness decrease toward the western part oDilewareBasinand
eastern part of the Midlan®asin

Upper CarboniferouBennsylvanianocks that range in thickness from feéet to 3,000 feetgenerally
occur in the depth betweeb,000feet and 15,000 feetPennsylvanian formations, includidgoka,
Strawn, and Cisco, predominantlyomsist of limestone, shalend minor quanties of sandstone and
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Figure2. Generalized stratigraphic schemaf upper Carboniferous through upper Permian intervals for the Permizasin
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Figure3. East to wesigeologic crossectionsthrough the PermiarBasin
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Figure4. North to southgeologic crossectionsthrough the DelawareBasin
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Source: U.S. Energy Information Administration based on Drillinginfo IncGédl8gical Survey.
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Figure5. North to south geologic crossectionsthrough the Midland Basin
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siltstone. An extensive development of rdatiesaccounsfor a large pecentage of the limestone
deposits in shallow peripheral areas of the Delaware and Midiagirs (Dolton et al., 1979; Hills,
1984).

Permian rocks are extremeheterogeneousgenerally grading upward from a clastarbonate
sequence into aevaporatesequence Guadalupe, Leonard, andofftamp series consist of limestone
interbedded withshale andh subjugated amount o$andstonegOriel et al., 1967; Robinson, K., 1988).
The cessation of tectonic activity and transition to stable mabiasinfill-in stag influenced he
depositionalenvironmentin Early Permian timeClastic sediments wedeposited inthe Delaware and
Midland Basirs surrounded byeripheralreefs and carbonate shelves that graded sveard into
evaporitic lagoons.

However, ompared to thke corresponding strata in the DelawaBasin upper Cretaceous to upper
Permian strata of the MidlanBasinare overall thinner with ngignificant changes in thickness
lithology. Lithofacies within these stratigraphic units are also relatively uniforaiter gradually across
the basinwith some thickening adjacent to the boundary of tGentralBasinPlatform Pennsylvanian
to Wolfcampian strata in theeripheralareas of the MidlandBasinconsist mainly of carbonate facies
that gradetoward thebasininto shale and fingyrained siliciclastidacies. In the central part of the
basin thick Wolfcampianshales overlie shallow water carbonates of the Strawn limest¢@eiel et al.,
1967; Robinson, K., 1988).

Paleogeography and depositional environment

Pdeogeographic reconstructions of the Laarboniferoug346 M&), Middle Pennsylvanian (305 Ma),
andEarly Permian (280 Ma&xhibited at Figure 8how preserniday New Mexico, Oklahomand Texass
oneopen, marine aregFigure 6 xthat developed intca semienclosed epicontinental sg&igure 6 b and
a) (Brown et al.Blakey, 2011).

During much of Pennsylvanian tintee PermiarBasinformed as a seménclosed depression; however,

it wasnot until the Wolfcampian(EarlyPermianhat acarbonateshelfand margindevelopedaroundthe
edgesof both the Delawareand Midland Basirs. Theseaccumulationsof carbonatesformed after the

end of intensetectonic movementand widespreadsiliciclasticsedimentation, which began during the
EarlyPennsylvanianBy the early Leonardian,this ramp-type shelf was already developing a series of
barriers along its seaward edge, bedam a more distinct rimmed mgm. The development of thi
marginal rim influenced depmational environments on the shelf, creating therinsic lateral facial
changes observed in the Leonardian and Guadalupian rocks behind the shelf edge. From the late
Wolfcampian through Guadalupian (Late Permian), the Midland and DelaBasis wae principally
sites of siliclastic accumulation, wheredBe platforms and shelves were sites of carbonate deposition
(Figureb). A major change in larggealebasinconfiguration occurred during the Guadalupi&uring the
middle Guadalupian, the Eastern shelf, Midl&wakin and CentraBasinplatform ceasedo be areas of

1Siliciclastic rocks are composed of terrigenous material formed by the weathering-ekistang rocks, whereas carbonate
rocks are composed principally of sediment formed from seawater by organic activity. Siliciclastic rosk€otsstic, silicic
components (mostly quartz, feldspars, and heavy minerals).

2Mais the abbreviation for megannum (a million years) in Latin.
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Figure6. Paleogeographic reconstructiosexhibiting the southern part of North Americaa) Early
Permian(280Ma); b) Middle Pennsylvanian (305 Mag)EarlyCarboniferoug345Ma). Modified after
Blakey (2011)

a)

b)
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