zUSGS

science for a changing world

Geologic Assessment of Undiscovered Conventional Oil and
Gas Resources in the Lower Paleogene Midway and Wilcox
Groups, and the Carrizo Sand of the Claiborne Group, of the
Northern Gulf Coast Region

Open-File Report 2017-1111

U.S. Department of the Interior
U.S. Geological Survey






Geologic Assessment of Undiscovered
Conventional Oil and Gas Resources in

the Lower Paleogene Midway and Wilcox
Groups, and the Carrizo Sand of the
Claiborne Group, of the Northern Gulf Coast
Region

By Peter D. Warwick

Open-File Report 2017-1111

U.S. Department of the Interior
U.S. Geological Survey



U.S. Department of the Interior
RYAN K. ZINKE, Secretary

U.S. Geological Survey
William H. Werkheiser, Acting Director

U.S. Geological Survey, Reston, Virginia: 2017

For more information on the USGS—the Federal source for science about the Earth, its natural and living
resources, natural hazards, and the environment—visit https://www.usgs.gov or call 1-888—-ASK-USGS.

For an overview of USGS information products, including maps, imagery, and publications,
visit https://store.usgs.gov.

Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the
U.S. Government.

Although this information product, for the most part, is in the public domain, it also may contain copyrighted materials
as noted in the text. Permission to reproduce copyrighted items must be secured from the copyright owner.

Suggested citation:

Warwick, PD., 2017, Geologic assessment of undiscovered conventional oil and gas resources in the lower
Paleogene Midway and Wilcox Groups, and the Carrizo Sand of the Claiborne Group, of the northern Gulf Coast
region: U.S. Geological Survey Open-File Report 2017-1111, 67 p., https://doi.org/10.3133/0fr20171111.

ISSN 2331-1258 (online)


http://www.usgs.gov
http://store.usgs.gov
https://doi.org/10.3133/ofr20171111

Contents

ADSTIACT ..ttt bbb A Rt b b s At s b s ae bt nas 1
oo VT3 T 3OS 1
Regional Geologic and Structural SETHNG ...ttt s 2
SETUCTURAL SBHING vttt s bbb 3
Stratigraphy and Depositional SYStEMS ... 3
AsSeSSMENt MEthOUOIOQY....c.oiceeieeiccrece et 6
Assessment Unit and Petroleum System CONCEPLS.....ccovverreiieeerineireiieeessiss e
Data Sources, Discovery History Analysis, and Forecast Period
Elements of the Petroleum SYStBM ..ot
Source Rocks and Thermal MatUration .............cc.oecececeeceececteeeeceeee ettt e 7
Migration of HydroCarhonS ...ttt naens 8
Reservoir Rocks, Traps, and Seals of the Lower Paleogene Assessment Interval...........cccooueeneee. 9
IVHIAWAY GIOUP w.vvvvertreteiseieetss ettt s et sttt s sttt sttt b st ens st st nsnnssns 9
WWILCOX GIOUP cevetiecteecieeeie ettt bbbt bbb b e et ae b bbb s s as b st e s s aebnans 9
CAITIZO SANG....oeeitceeccteee ettt b e bbbttt aes 9
RESOUICE ASSESSIMENT ....cu.eiicticteiiieteee ettt bbbt b s bbb bbbt n b s s aes 9
GROIOGIC MOUEB ...ttt bbbt enante 10
STADIE SNBI ..t aen 10
EXPANAEd FAUIT ZONE ...eieeeeieeeees ettt eaen 1
S10pe aNd BaSIN FIOOT .....cucvicececcteteete ettt bbb s 1
Consequence of Progradation..........cccceeciicncecieeseeee e sesaes 1
Wilcox Stable Shelf Qil and Gas (AU 50470T16).........ccceuermrreereeeeeseeessessesessessessssssssssssessesssssees 12
Wilcox Expanded Fault Zone Gas and Oil (AU 50470117) ...cuveceeveeereeeeeeeerereseeeesesssseeesssssessesens 12
Wilcox-Lobo Slide Block Gas (AU B0470T19) ...t ssessssees 13
Wilcox Slope and Basin Floor Gas (AU 50470T18)......c.ccceurrverreeeeeeenesneisesesessssssssssssssessesssssees 14
Wilcox Mississippi Embayment (AU B0AT0TAT)........oveeeeeeerreeeeeeeeresessseseesssesssssssssessssssssssssssssnsens 14
Comparison of Results of the Lower Paleogene Assessment with other 2007
U.S. Geological Survey Tertiary ASSESSMENTS .......cccuevecrereereeeeeieesesese e sssesaens 14
SUMIMATY ...ttt ettt ettt b et et bbb s st es s s s s st e s st e st ben s s e sasbansensesans 15
ACKNOWIBAGMENTS ..ottt st es st esnen 15

References Cited
Appendix 1. Input Data Form for the Wilcox Stable Shelf Qil and Gas Assessment

UNIE(BOAT0TTB) c.oovvervreereereereseeetsseseseesesssssssssesesssssess st sesssssess s s ssessessssssssssssessessasssssssssessessassanes 61
Appendix 2. Input Data Form for the Wilcox Expanded Fault Zone Gas and Qil

Assessment Unit (50470117 ...ttt bbb 63
Appendix 3. Input Data Form for the Wilcox-Lobo Slide Block Gas Assessment

UNIt (50470119 .ottt sttt st s s s 65
Appendix 4. Input Data Form for the Wilcox Slope and Basin Floor Gas Assessment

UNIE(BOAT0TT8) oovvverveeeereeeesesetsstsesessesssssssssessessssses sttt ss st sss s st st ssssssssessnsanes 67



Figures

1.

10.

1.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

Major surface and subsurface structural features of the northern Gulf of
MEXICO BASIN....ecuctiieeeecetctete ettt a s s ettt s s s an bt es et s nnas 30

Generalized stratigraphic section of the northern Gulf of Mexico Coastal
Plain showing gas and oil occurrences, potential shale source rocks, and
POLENtIal COAI SOUICE FOCKS ..ovucviiectsecteieeie ettt

Structure contour map for the top of the Wilcox Group
Generalized isopach map of the WilCoX Group ......cc.ceeereerireiieieceessse e
Upper Jurassic-Cretaceous-Tertiary Composite Total Petroleum System (TPS)

for the GUIf of MEXICO BaSIN ...t 34
Map showing the ages and distribution of trapped petroleum from correlated
source rocks in the northern Gulf of MexXico region.........ccocveuicecrveeeeeceseeeeece e 35

Events chart summarizing the major elements of the Upper Jurassic-
Cretaceous-Tertiary Composite Total Petroleum System (TPS) of the

northern GUIf of MeXiCo BaSIN ........cocuiueiueeeceeteeeeeeee ettt 36
Sequential plot of Wilcox Group total organic carbon (TOC) content data in

weight percent obtained from more than 1,000 outcrop and drill-hole samples............. 37
Wilcox Group mean vitrinite reflectance (%Ro) values plotted by sample

BIBVALION ..ottt a st 38

Regional trends in the mean vitrinite reflectance (%Ro) data suggesting
that gradients of Wilcox maturity versus elevation are not as great in the

northeastern part of the basin as they are in the southwest ..o 39
Present-day thermal maturity model for the top of the Wilcox Group ........ccceuvverrernncnee. 40
Burial history curves for two Wilcox wells in Texas where mean vitrinite

reflectance (%Ro) and bottom-hole-temperature (BHT) data were available................. 1M
Migration pathways of oil and gas in southern LouiSiana........cocceveeveereereneeneeresensireeneenenns 42
Petroleum geology of the Rosita field that produces from the Wilcox Group

TN SOUTN TEXAS ... vuureretreeeeseeieetset ettt es bbbttt sttt 43
Petroleum geology of the Livingston field that produces from the Wilcox

Group in SOUthEAStErn LOUISIANE ......cc.ccuiveeecteeeeeeee ettt 44
Assessment units (AUs) and their boundaries for the lower Paleogene
(Midway-Wilcox-Carrizo Paleocene-Eocene) stratigraphic intervals ........cccoceeveineens 45
Generalized cross section showing Tertiary expansion zones across the

south Texas Gulf of Mexico Coastal Plain ... ssseeseeees 46

Model used to define assessment units (AUs) in the U.S. Geological Survey
assessment of Paleogene strata in Gulf of Mexico onshore and State

WWATET BIBAS .uueueuieeiuceresceeeeaee sttt bbb bbbt bbb 47
Stacked reservoirs and assessment units (AUs) in the Gulf Coast Tertiary

assessment model showing the offset and overlapping character of the

assessment units through time and the advance of the shelf margin

DASINWATT ..ottt 48
Wilcox Stable Shelf Oil and Gas Assessment Unit (AU), showing oil and

gas accumulations (reservoirs) that existed at the time of the assessment.................... 49
Plot of grown oil accumulation size versus discovery year for the Wilcox

Stable Shelf Qil and Gas Assessment Unit (AU).......cc.eeeuereeeeeeeeeeeceeeeeeeesteetee e seessessenians 50
Plot of grown gas accumulation size versus discovery year for the Wilcox

Stable Shelf Oil and Gas Assessment Unit (AU)......c..ooeceeueeeeeeieceeeieeeeceeee e 51



23.
24
25,
26.
27.
28.
29.
30.

31.

Tables

Wilcox Expanded Fault Zone Gas and Oil Assessment Unit (AU), showing

0il and gas aCCUMUIATIONS .....cuieieeeeireieee ettt eeaen 52
Plot of grown oil accumulation size versus discovery year for the Wilcox

Expanded Fault Zone Gas and Qil Assessment Unit (AU) .....ccoccoeeerrververieeenecrseeeeesesinne 53
Plot of grown gas accumulation size versus discovery year for the Wilcox

Expanded Fault Zone Gas and Oil Assessment Unit (AU) .....ccoceoeeueevecreereeeceeeceeeeieeeeeiee 54
Wilcox-Lobo Slide Block Gas Assessment Unit (AU), showing oil and gas
ACCUMUIATIONS ...ttt ettt s st en b5
Structural characteristics of the Wilcox-Lobo Slide Block Gas Assessment

UNIE(AU) 1ottt bbb bbbt 56
Plot of grown oil accumulation size versus discovery year for the Wilcox-

Lobo Slide Block Gas Assessment Unit (AU) .......cc.oovverveenerneeinsiseneesssesssessssssssssesssssesens 57
Plot of grown gas accumulation size versus discovery year for the Wilcox-

Lobo Slide Block Gas Assessment Uit (AU) ... ssesessesssnens 58
Wilcox Slope and Basin Floor Gas Assessment Unit (AU), showing gas

ACCUMUIATIONS ..ttt bbb bbbttt s st aen 59
U.S. Geological Survey Gulf Coast asseSSMent reSULS .......cccccuvveeeeecrveeeeseseeeeeseseesenans 60

Assessment units of the 2007 U.S. Geological Survey assessment of Tertiary

strata of the NOrthern GUIF COAST. ... 2
Alternate formal group, formation, or member names for the Midway and

Wilcox Groups, and the Carrizo Sand of the Claiborne Group.......cccevveveeeeenreneeneereireies 4
Some informal production unit and field names used for the lower Paleogene
ASSESSMENT INTEIVAL ....cvviiiccc ettt bbb 5
Lower Paleogene Gulf Coast asseSSMENt FESUILS.......c.oueververreeererreessieiseessseese s 8



Conversion Factors

Multiply By To obtain

Length

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

mile, nautical (nmi) 1.852 kilometer (km)

yard (yd) 0.9144 meter (m)

meters (m) 3.281 foot (ft)

kilometers (km) 0.6214 mile (mi)
Volume

barrel (bbl), (petroleum, 0.1590 cubic meter (m®)

1 barrel=42 gal)
cubic foot (ft%) 28.32 cubic decimeter (dm?)
cubic foot (ft%) 0.02832 cubic meter (m?)

Vi



Geologic Assessment of Undiscovered Conventional Oil
and Gas Resources in the Lower Paleogene Midway and
Wilcox Groups, and the Carrizo Sand of the Claiborne
Group, of the Northern Gulf Coast Region

By Peter D. Warwick

Abstract

The U.S. Geological Survey (USGS) recently conducted an assessment of the undiscovered, technically recoverable oil and
gas potential of Tertiary strata underlying the onshore areas and State waters of the northern Gulf of Mexico coastal region. The
assessment was based on a number of geologic elements including an evaluation of hydrocarbon source rocks, suitable reservoir
rocks, and hydrocarbon traps in an Upper Jurassic-Cretaceous-Tertiary Composite Total Petroleum System (TPS) defined for
the region by the USGS. Five conventional assessment units (AUs) were defined for the Midway (Paleocene) and Wilcox
(Paleocene-Eocene) Groups, and the Carrizo Sand of the Claiborne Group (Eocene) interval including: (1) the Wilcox Stable
Shelf Oil and Gas AU; (2) the Wilcox Expanded Fault Zone Gas and Oil AU; (3) the Wilcox-Lobo Slide Block Gas AU; (4) the
Wilcox Slope and Basin Floor Gas AU; and (5) the Wilcox Mississippi Embayment AU (not quantitatively assessed).

The USGS assessment of undiscovered oil and gas resources for the Midway-Wilcox-Carrizo interval resulted in estimated
mean values of 110 million barrels of oil (MMBO), 36.9 trillion cubic feet of gas (TCFG), and 639 million barrels of natural gas
liquids (MMBNGL) in the four assessed units. The undiscovered oil resources are almost evenly divided between fluvial-deltaic
sandstone reservoirs within the Wilcox Stable Shelf (54 MMBO) AU and deltaic sandstone reservoirs of the Wilcox Expanded
Fault Zone (52 MMBO) AU. Greater than 70 percent of the undiscovered gas and 66 percent of the natural gas liquids (NGL)
are estimated to be in deep (13,000 to 30,000 feet (ft)), untested distal deltaic and slope sandstone reservoirs within the Wilcox
Slope and Basin Floor Gas AU.

Introduction

A primary mission of the U.S. Geological Survey (USGS) Energy Program is to conduct geologically based assessments
of the undiscovered, technically recoverable quantities of oil and gas that have the potential to be added to the proved reserves
in the United States. As part of the National Oil and Gas Assessment Project, these assessments are based on an integration
and analysis of geologic elements such as hydrocarbon source rocks (source-rock maturation, hydrocarbon generation and
migration), reservoir rocks (sequence stratigraphy and petrophysical properties), and hydrocarbon traps (trap formation and
timing) within a total petroleum system (TPS) framework (Magoon and Dow, 1994; Schmoker and Klett, 2005; U.S. Geological
Survey National Assessment Review Team, 2006). The last USGS assessment of the entire Gulf of Mexico coastal region was
completed in 1995 (Schenk and Viger, 1996a,b; U.S. Geological Survey National Oil and Gas Resource Assessment Team,
1995). Since 1995, assessments of parts of the Jurassic and Cretaceous intervals in the Gulf coastal region were reported by
Condon and Dyman (2006), Dyman and Condon (2006), and Pitman and others (2007). Recent USGS assessments in the Gulf of
Mexico coastal region are updates of previous USGS assessments of the interval (Schenk and Viger, 1996a,b), and have focused
on undiscovered resources in Paleogene and Neogene strata (Dubiel and others, 2007; Warwick and others, 2007a), and Jurassic
and Cretaceous stratigraphic intervals (Dubiel and others, 2011).

In 2007, the USGS assessed undiscovered, technically recoverable conventional oil and gas resources and continuous
coalbed gas resources in Cretaceous, Paleogene, and Neogene strata underlying the U.S. Gulf of Mexico Coastal Plain and
State waters (figs. | and 2). State waters include those areas within 3 nautical miles of the coastline, except in Texas where State
waters are within 9 nautical miles of the coastline. Thirty-three conventional assessment units for the Paleogene to Neogene
interval were identified and assessed by the USGS (table 1). Four Cretaceous to Paleogene continuous (coalbed gas) assessment



units were also assessed. The results of the assessment of the conventional and continuous resources can be found in USGS Fact
Sheets by Dubiel and others (2007) and Warwick and others (2007a). The purpose of this paper is to describe the geological
concepts, models, TPS, and assessment units developed for the 2007 assessment of the remaining technically recoverable oil
and gas resources to be found in the onshore and State water portion of the lower Paleogene Midway (Paleocene) and Wilcox
(Paleocene to Eocene) Groups, and the Carrizo Sand of the Claiborne Group (Eocene) stratigraphic section in the Gulf of
Mexico coastal region (figs. 1 and 2). For descriptive purposes the Midway and Wilcox Groups and the Carrizo Sand of the
Claiborne Group will collectively be referred to as the lower Paleogene assessment interval in this paper.

The Gulf of Mexico Basin is one of the major hydrocarbon-producing areas of the world (Nehring, 1991; Horn, 2003).
The U.S. Energy Information Administration estimates that in 2004, about 19 percent of the Nation’s producible gas reserves
and about 6 percent of the Nation’s oil reserves were found in onshore Gulf of Mexico reservoirs (Budzik, 2006). For a recent
summary of the offshore reserves in the Federal outer continental shelf of the Gulf of Mexico region, refer to Crawford and
others (2006) and French and others (2006). The recent onshore discovery of coalbed gas in Cretaceous and Paleocene strata
identifies new petroleum systems not recognized in previous USGS assessments for the Gulf of Mexico coastal region.

Regional Geologic and Structural Setting

The Gulf of Mexico Basin is a generally circular structural and topographic depression that contains up to 60,000 ft of
strata ranging in age from Late Triassic to Holocene (Ewing, 1991a; Nelson and others, 2000). The structural and stratigraphic
setting of the northern Gulf of Mexico Coastal Plain has been well documented by previous studies (Murray, 1961; Salvador
1991; Ewing, 1991a; Cao and others, 1993; Zimmerman, 1995; Hosman, 1996; Galloway and others, 2000; Stephens, 2001).
Figure 1 shows the major structural features of the U.S. onshore region of the Gulf of Mexico Coastal Plain. Strata in the Gulf of
Mexico coastal region generally dip into the basin, except where local deformation occurs around structural uplifts, subbasins,
faults, and folds. At different depths across the basin, strata exhibit overpressure and abnormal temperature conditions that can
complicate hydrocarbon production (Dickinson, 1953; Riggs and others, 1991; Leftwich, 1993; Leftwich and Engelder, 1994;
Engelder and Leftwich, 1997; Hunt and others, 1998; Flemings and others, 2000).

Table 1. Assessment units of the 2007 U.S. Geological Survey assessment of Tertiary strata of the northern Gulf Coast.

Int_erval on Assessment unit name As_sessment Int_erval on Assessment unit name As_sessment
figure 2 unit number figure 2 unit number

1 Wilcox Stable Shelf Oil and Gas 50470116 Continued

1 Wilcox Expanded Fault Zone Gas and Oil 50470117 4 Frio Stable Shelf Oil 50470135
1 Wilcox Slope and Basin Floor Gas 50470118 4 Frio Expanded Fault Zone Oil and Gas 50470136
1 Wilcox-Lobo Slide Block Gas 50470119 4 Frio Slope and Basin Floor Gas 50470137
2 Lower Claiborne Stable Shelf Gas and Oil 50470120 4 Anahuac Gas 50470138
2 Lower Claiborne Expanded Fault Zone Gas 50470121 4 Hackberry Oil and Gas 50470139
2 Lower Claiborne Slope and Basin Floor Gas 50470122 5 Lower Miocene Shelf Oil and Gas 50470140
2 Lower Claiborne Cane River 50470123 5 Lower Miocene Slope and Basin Gas 50470141
2 Upper Claiborne Stable Shelf Gas and Oil 50470124 5 Middle Miocene Shelf Oil and Gas 50470142
2 Upper Claiborne Expanded Fault Zone Gas 50470125 5 Middle Miocene Slope and Basin Gas 50470143
2 Upper Claiborne Slope and Basin Floor Gas 50470126 5 Upper Miocene Shelf Oil and Gas 50470144
3 Jackson Stable Shelf Oil and Gas 50470127 5 Upper Miocene Slope and Basin Gas 50470145
3 Jackson Expanded Fault Zone Gas and Oil 50470128 6 Plio-Pleistocene Shelf Oil and Gas 50470146
3 Jackson Slope and Basin Floor Gas 50470129 1 Wilcox Mississippi Embayment 50470147
3 Jackson Louisiana-Mississippi-Alabama Area 50470130 4 Frio Basin Margin 50470148
3 Vicksburg Stable Shelf Oil and Gas 50470131 Cl Cretaceous Olmos Coalbed Gas 50470281
3 Vicksburg Expanded Fault Zone Gas and Oil 50470132 Cl Rio Escondido Basin Olmos Coalbed Gas 53000281
3 Vicksburg Slope and Basin Floor Gas 50470133 C2 Wilcox Coalbed Gas 50470381
3 Vicksburg Mississippi-Alabama Area 50470134 C3 Cretaceous-Tertiary Coalbed Gas 50470481




Structural Setting

The lower Paleogene Wilcox Group crops out around the northern edge of the Gulf of Mexico Basin (fig. 3). Structural
contours drawn on the top of the Wilcox Group show that Wilcox strata dip southward at variable rates into the basin. The dip
rate is gentle near the outcrop belt and within the Mississippi embayment and is moderate to substantial near the present-day
coastline. Note that the southern boundary of the Mississippi embayment is somewhat arbitrary as shown on figure 3. A major
increase in the rate of dip is observed as the Wilcox Group crosses over the Lower Cretaceous shelf margin which roughly lies
between the -5,000 and -10,000 ft contours on figure 3.

The local structure of these lower Paleogene sedimentary units is influenced by flow of the Jurassic Louann Salt (fig. 2) and
movement along local and regional fault systems. A detailed discussion of the structural setting of the lower Paleogene strata can
be found in Ewing (1991a) and Salvador (1991). Maps showing the location of salt structures in the Gulf of Mexico Basin are
found in Ewing and Lopez (1991) and Lopez (1995). Evacuation and allochthonous flow of the Louann Salt due to sedimentary
loading has had a dramatic influence on the petroleum geology of the Gulf of Mexico Basin (Ewing, 1991a,b; McBride,

1998; McBride and others, 1998; Stover and others, 2001). In particular, the growth and emplacement of salt diapirs leads to
the creation of complex structures which serve as petroleum migration pathways and traps (Halbouty, 1979). Stratigraphic
units around salt dome margins are faulted by salt intrusion, creating fault traps, and are dragged upwards at the salt-rock
contact, creating combination traps and accentuating stratigraphic traps. In the salt basins, diapirs frequently are aligned on
major growth-fault trends suggesting that preexisting domes influence the initiation of faults and tend to control their location
(Winker, 1982).

Stratigraphy and Depositional Systems

The lower Paleogene assessment interval is composed of the Midway and Wilcox Groups, and the Carrizo Sand of the
Claiborne Group (fig. 2). The Midway Group is primarily composed of marine shale that is interbedded with a few local
sandstone and limestone beds (Galloway and others, 1991, 2000). The unit was first defined by Harris (1894) from exposures
at Midway Landing, southwest Alabama. The Midway Group is usually undifferentiated in the subsurface, however, locally
multiple subunits of the Midway Group have been defined (table 2). Some oil and gas production does occur from Midway sand-
rich intervals in southern Texas (such as the Poth sand, see table 3) (Palmer, 1954; Hopf, 1965, 1967, 1986a,b; Nehring, 1991).
Because of the low number of Midway fields (9 fields, Nehring Associates, Inc., 2006), and limited production, the Midway
Group is combined with the Wilcox Group and Carrizo Sand to form one lower Paleogene assessment interval.

The Wilcox Group is the primary oil and gas producer for the lower Paleogene assessment interval, with more than 1,200
known oil and gas fields (Nehring Associates, Inc., 2006). Thickness of the Wilcox Group ranges from less than 1,000 ft near
the outcrop to over 7,000 ft in the Rio Grande embayment of south Texas (figs. 1 and 4). The Wilcox Group is composed of
fluvial and deltaic coal-bearing facies consisting of sandstone, siltstone, mudstone, claystone, limestone, and coal intervals that
become dominated by marine facies beyond the Lower Cretaceous shelf margin (Galloway and others, 1991, 2000). Recent
exploration south of the modern outer continental shelf in the deep-water areas of the Gulf of Mexico indicates that thick sand-
rich facies extend several hundred miles into the deepest part of the basin (Meyer and others, 2005). The Wilcox Group has
multiple stratigraphic names and subunits that are used across the basin (table 2). In addition, table 3 lists informal field names
and numerous driller’s terms for the lower Paleogene assessment interval.

Depositional settings for Wilcox Group strata in the landward, stable shelf areas of the basin, have been interpreted to be
prograding fluvial-deltaic systems with alluvial plain and deltaic peat mire environments (Murray, 1961; Fisher and McGowen,
1967; Galloway, 1968; Cleaves, 1980; Coates and others, 1980; Hamlin, 1983, 1988; Galloway and others 1991, 2000; Tye and
others, 1991; Mancini and others, 1993; Glawe, 1995; Kinsland and others, 2003; Kull and Kinsland, 2006). Basinward of the
Wilcox paleo-shelf break, the deltaic sediments merge with distal shelf, slope, and basin floor sediments (Galloway and others,
1991, 1994, 2000).

The basal Carrizo Sand of the Claiborne Group (fig. 2) was combined with the Wilcox and Midway Groups to form the
lower Paleogene assessment interval primarily because the Carrizo interval is usually included with the Wilcox Group in drilling
history and reservoir unit databases (IHS, 2005a,b; Nehring Associates, Inc., 2006). The Carrizo Sand crops out in Mexico,
Texas, and Louisiana, and disconformably overlies the upper part of the Wilcox Group (Stenzel, 1940; Harris, 1962; Breyer,
1997). Galloway and others (2000) describe the Carrizo Sand as a late Wilcox-type delta-building sequence that was located
primarily in south Texas. However, other studies have recognized the Carrizo Sand as a prominent subsurface sand-rich interval
across much of the Gulf coastal region (Baker, 1979; Coates and others, 1980; Hamlin, 1983; Stoudt and others, 1990; Bellamy
and Breyer, 2002).



Table 2. Alternate formal group, formation, or member names for the Midway and Wilcox Groups, and the Carrizo Sand of the

Claiborne Group.

[States where these names are used are in parentheses. Data from U.S. Geological Survey (2008) National Geologic Map Database, Geolex: http:/ngmdb.usgs.

gov/Geolex/. Asterisks (*) indicate usage by the U.S. Geological Survey. Other usages by State geological surveys]

Name of group, formation, or member

Name of group, formation, or member

Midway Group

Wilcox Group—Continued

Clayton Formation of the Midway Group (Ala.*, Ark.*, Ga.*, Il1L.*,
Ky.*, La.*, Mo.*, Miss.*, Tenn.*)

Clayton Limestone of the Midway Group (Miss.)
Kincaid Formation of the Midway Group (Ark.*, La.*, Tex.*)
Logansport Formation of the Midway Group (Tex.)

Matthews Landing Marl Member of Porters Creek Formation
(Ala.*, Miss.*)

Naheola Formation of the Midway Group (Ala.*, Miss.*)

Porters Creek Clay of the Midway Group (Ala.*, Ark.*, TlI1.*, Ky.*,
La.*, Mo.*, Miss.*, Tenn.*, Ga.*)

Wills Point Formation of the Midway Group (Tex.)

Wilcox Group

Ackerman Formation of Wilcox Group (Ala., Miss., Tenn., Mo.)
Baker Hill Formation of Wilcox Group (Ga., Ala.*)

Bashi Formation of Wilcox Group (Ala.*, Fla.*, Ga.*, Miss.*)
Berger Formation of Wilcox Group (Ark.*)

Caldwell Knob Member of Rockdale Formation of Wilcox
Group (Tex.)

Calvert Bluff Formation of Wilcox Group (Tex.)
Carrizo Sand of Claiborne Group (Ark.*, La.*, Tex.*)
Carrizo Formation of Wilcox Group (Tex.)

Converse Formation of Wilcox Group (La.)

Cow Bayou Formation of Wilcox Group (La.)

Detonti Sand of Wilcox Group (Ark.*)

Dolet Hills Formation of Wilcox Group (La.*)

Fearn Springs Formation of Wilcox Group (Miss.)
Fearn Springs Member of Nanafalia Formation (Miss.*)
Flour Island Formation of Wilcox Group (Mo.*, Tenn.*)
Fort Pillow Sand of Wilcox Group (Mo.*, Tenn.*)

Hall Summit Formation (La.)

Hatchetigbee Formation (Ala.*, Fla.*, Ga.*, Miss.*)

High Bluff Member of Pendleton Formation of Wilcox Group
(La., Tex.)

Holly Springs Formation of Wilcox Group (Mo.)
Hooper Formation of Wilcox Group (Tex.)

Indio Formation of Wilcox Group (Tex.*)

Lime Hill Formation of Wilcox Group (La.)
Logansport Formation of Wilcox Group (La.)
Marthaville Formation of Wilcox Group (La., Tex.)

Mayous Bayou Member of Hall Summit Formation of Wilcox
Group (La.)

Naborton Formation of Wilcox Group (Tex., La.*)
Nanafalia Formation of Wilcox Group (Ala.*, Ga.*, Miss.*)
Old Breastworks Formation of Wilcox Group (Tenn.*)
Pendleton Formation of Wilcox Group (La., Tex.)

Rockdale Formation of Wilcox Group (La.*, Tex.*)
Sabinetown Formation of Wilcox Group (La., Tex.*)

Saline Formation of Wilcox Group (Ark.*)

Salt Mountain Limestone of Wilcox Group (Ala., Ga.*)
Seguin Formation of Wilcox Group (La.*, Tex.*)

Simsboro Formation of Wilcox Group (Tex.)

Tuscahoma Formation of Wilcox Group (Ala.*, Ga.*, Miss.*)

Carrizo Sand of the Claiborne Group

Carrizo Sand of Claiborne Group (Ark.*, La.*, Tex.*)
Carrizo Formation of Claiborne Group (Tex.)
Carrizo Formation of Wilcox Group (Tex.)

Newby Sand Member of Reklaw Formation of Claiborne
Group (Tex.)



http://ngmdb.usgs.gov/Geolex/
http://ngmdb.usgs.gov/Geolex/

Table 3. Some informal production unit and field names used for the lower Paleogene assessment interval.

[Lower Paleogene production unit names from IHS Energy Group (2005b) and Nehring Associates, Inc. (2006). Abbreviations: La., Louisiana;

Miss., Mississippi; S., south; Tex., Texas]

Lower Paleogene
production unit name

Assessment interval

References

4600 SD
Armstrong sand
Ashley sand
Atrman

Baker

Bartosh (Bartosch Sand)
Campbell
Carrizo
Carrizo Wilcox
Deville Sand
Falcon

Foster
Freewoods
French Fork
Hinnant Upper
Hirsch

Lobo

Lobol

Lobo6

Luling
Mackhank
Massive 2 sand (massive sand[?])
Mckittrick
Miller

Minter A
Nichols
Pearline

Poth sand
Reagan
Roeder

Slick
Steinhauser
Stewart B
Stutson A Sand
Tew Lake
Walker

Wilcox

Wilcox 1

Wilcox 2
Wilcox A
Wilcox B
Yakey Sand

Upper Wilcox (Miss.)
Lower Wilcox (Miss.)
Lower Wilcox (Miss.)
Lower Wilcox (Miss.)
Lower Wilcox (Miss.)
Lower Wilcox (Tex.)
Lower Wilcox

Upper Wilcox

Upper Wilcox

Lower Wilcox (La Salle, La.)
Wilcox(?) Escobas field(?)
Lower Wilcox (Miss.)
Lower Wilcox (Miss.)
Lower Wilcox (La Salle, La.)
Upper Wilcox (S. Tex.)
Lower Wilcox (S. Tex.)
Lower Wilcox (S. Tex.)
Lower Wilcox (S. Tex.)
Lower Wilcox (Hirsch, S. Tex.)
Upper Wilcox (S. Tex.)
Upper Wilcox (S. Tex.)
Upper Wilcox (S. Tex.)
Lower Wilcox (Miss.)
Lower Wilcox

Lower Wilcox (Miss.)
Lower Wilcox (Miss.)
Lower Wilcox (Miss.)
Midway (Tex.)

Upper Wilcox (S. Tex.)
Lower Wilcox (S. Tex.)
Upper Wilcox (S. Tex.)
Carrizo

Upper Wilcox (Miss.)

Lower Wilcox(?) (Catahoula Parish, La.)

Lower Wilcox

Lower Wilcox (Miss.)
Upper and lower Wilcox
Upper Wilcox (Miss., La.)

Upper Wilcox (Miss.)
Upper Wilcox (Tex., La.)
Upper Wilcox (La.)
Lower Wilcox (La.)

Dockery (2001)

Holden (1951); Williams (1969)

Williams (1969)

Williams (1969)

Williams (1969)

Palmer (1954); Hargis (2000)

Williams (1969); Corcoran and others (1994)
Hargis (2000)

Hargis (2000)

Location and depth could be lower Wilcox; see Eversull (1984)
Meyerhoff and Braddock (1998)

Williams (1969)

Williams (1969)

Location and depth could be lower Wilcox; see Eversull (1984)
Bornhauser (1979)

Hargis (2000)

Long (1986)

Long (1986)

Long (1986)

Hargis (2000)

Hargis (2000)

Hargis (2000)

Williams (1969)

Glawe and Echols (1997)

Williams (1969)

Glawe and others (1999); Williams (1969)
Williams (1969)

Palmer (1954); Hopf (1965, 1967)

Hargis (2000)

Hargis (2000)

Hargis (2000)

Ryman (1954)

Williams (1969)

Location and depth could be lower Wilcox; see Eversull (1984)
Glawe and Echols (1997)

Williams (1969)

Galloway and others (1991)

Williams (1969); location and depth projects to be lower Wil-
cox; see Eversull (1984)

Williams (1969)

Schenk and Viger (1995b, Play 4722)
Schenk and Viger (1995b, Play 4723)
Echols and Goddard (1992)




Assessment Methodology

The methodology used for the Gulf coastal region conventional assessment units follows Charpentier and Klett (2005),
Klett and others (2005), and Schmoker and Klett (2005). The methodology used for the continuous assessment units is described
in Cook (2005), Crovelli (2005), Klett and Schmoker (2005), and Schmoker (2005). Peer reviews of the USGS oil and gas
assessment methodology, as well as links to the above references can be found at the following web page: http://energy.cr.usgs.
gov/oilgas/noga/methodology.html.

Assessment Unit and Petroleum System Concepts

In this report, assessment units (AUs) replaced the play concept that was applied for the 1995 USGS national assessment
(Schenk and Viger, 1996a,b; U.S. Geological Survey National Oil and Gas Resource Assessment Team, 1995). The application
of the AU concept is part of the petroleum system approach (described below) to resource assessments (Magoon and Dow,
1994). An AU is “a mappable part of a TPS in which discovered and undiscovered oil and gas accumulations constitute a
single relatively homogeneous population such that the methodology of resource assessment is applicable” (Klett, 2004, p.

599). In other words, an AU is comprised of a three-dimensional volume of rock, which contains discovered and undiscovered
hydrocarbon resources that are relatively similar in terms of their geological occurrence, exploration strategy, and risk
characteristics (Ahlbrandt, 2000). Using AUs in place of the play concept may not necessarily result in quantitative differences
in the volumes of undiscovered resources (Klett, 2004), but it supplies a common basis for resource assessment methodology
within the USGS (Condon and Dyman, 2006). The petroleum system approach to resource assessment (Magoon and Dow, 1994)
includes an analysis of “genetically related petroleum generated by a pod or by closely related pods of mature source rock”
(Condon and Dyman, 2006). The AUs defined for the assessment of the lower Paleogene strata of the Gulf of Mexico coastal
region are mappable subunits of the Upper Jurassic-Cretaceous-Tertiary Composite TPS (Warwick and others, 2007b). The term
“composite” indicates that hydrocarbons were generated from more than one source rock, in this case the Jurassic Smackover
Formation, the Cretaceous Eagle Ford Formation, and the Paleogene Wilcox Group and Sparta Sand (fig. 2). The composite

TPS includes all of the geologic elements such as source, reservoir, seal, and overburden rocks, which control the processes of
generation, migration, and trapping of hydrocarbon resources (Magoon and Dow, 1994; Klett, 2004). A map of the outline of the
Upper Jurassic-Cretaceous-Tertiary Composite TPS of the Gulf of Mexico Basin consists of the total geographic extent of source
and reservoir rocks (fig. 5).

Data Sources, Discovery History Analysis, and Forecast Period

The primary well and field production data used in the USGS assessment of the Gulf of Mexico Tertiary strata are
proprietary commercial datasets of the IHS Energy Group (2005a,b) and Nehring Associates, Inc. (2006). Data from these
commercial databases are subject to proprictary constraints, and the USGS may not publish, share, or serve any data from these
databases. However, derivative representations in the form of graphs and summary statistics can be prepared and presented for
each assessment unit. The IHS production database includes oil and gas production data for wells, leases, or producing units
(collectively called “entities” in these databases). The IHS oil and gas wells database includes individual well data (including
data for dry holes) such as well identification, locations, and information on penetrated and producing formations. Oil and gas
field databases include location, geologic characterization, and oil and gas production data for domestic oil and gas fields and
reservoirs (U.S. Geological Survey National Assessment Review Team, 2006). The USGS, however, cannot verify the accuracy,
completeness, or currency of data reported in these commercial databases.

Interpretations of the lower Paleogene petroleum geology presented in this report are based on discovery history analysis
of the spatial distribution of wells and known hydrocarbon reservoirs within a geographic information system (GIS). Spatial
locations of lower Paleogene wells from IHS Energy Group (2005a,b), and hydrocarbon reservoirs from Nehring Associates,
Inc. (2006) were examined using Esri software ArcMap 9.1. Other geologic data used in this assessment include the locations
of Wilcox Group outcrop (Schruben and others, 1997; Warwick and others, 1997, 2002), major structural features of the Gulf
of Mexico Basin (Ewing and Lopez, 1991), faults (Ewing and Lopez, 1991), salt (Ewing and Lopez, 1991; Lopez, 1995),
geochemical data (Hood and others, 2002), Cenozoic depositional systems and shelf margins (Galloway and others, 2000),
regional cross sections (Dodge and Posey, 1981; Bebout and Gutierrez, 1982, 1983; Eversull, 1984; Galloway and others, 1994),
lower Paleogene isopach and structure maps (constructed from proprietary data contained in the IHS and Nehring databases),
oil and gas field executive reference maps (Geomap, 1995a-c), and tectonic maps (Ewing and others, 1990). As an example
of the spatial analysis, separation of lower Paleogene production well and reservoir data into AUs with different geologic
characteristics (for example, stable shelf versus expanded fault zone) was completed through an evaluation of discovered
reservoir depths, porosity-permeability-pressure-temperature characteristics, and reservoir thicknesses, in comparison with the
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distribution of reservoirs in the GIS maps. In addition to the analysis of Midway-Wilcox-Carrizo petroleum geology within the
GIS framework, the interpretations contained in this report are based on data contained in the voluminous published literature
on Gulf of Mexico petroleum geology, and from conversations with industry personnel involved in Gulf of Mexico oil and gas
exploration and production.

The current assessment forecasts the ultimately recoverable hydrocarbon resources and thus is similar to that used for the
1995 assessment (Schenk and Viger, 1996a,b; U.S. Geological Survey National Oil and Gas Resource Assessment Team, 1995).
In contrast, more recent USGS assessments (Condon and Dyman, 2006; Dyman and Condon, 2006; and Pitman and others,
2007), used a 30-year forecast span in the assessment methodology (Klett and others, 2003).

Elements of the Petroleum System

The Gulf of Mexico Basin is one of the world’s most important petroleum provinces (Nehring, 1991; Horn, 2003). As
such, an abundance of research has been directed at understanding the generation, migration, and trapping of its hydrocarbon
resources (Koons and others, 1974; Laplante, 1974; Nunn and Sassen, 1986; Evans, 1987; Sassen and Moore, 1988; Sassen
and others, 1988; Walters and Dusang, 1988; Sassen, 1990; Thompson and others, 1990; Gregory and others, 1991; Price,

1991; McDade and others, 1993; Zimmerman and Sassen, 1993; Echols and others, 1994; Wagner and others, 1994; Wenger
and others, 1994; Wescott and Hood, 1994; Losh, 1998; Zimmerman, 1999; Nelson and others, 2000; Fillon, 2001; Gatenby,
2001; Hood and others, 2002; Lewan, 2002; Cathles, 2004; Mancini and others, 2006; among many others). Collectively, these
workers have demonstrated that Gulf of Mexico Basin hydrocarbons are sourced from a number of stratigraphic intervals and
that organic matter maturation and the generation and migration of hydrocarbon resources from a particular source interval are
dependent on location within the basin. Most oils trapped in lower Paleogene strata are interpreted to be derived from the lower
Tertiary stratigraphic intervals (fig. 6) (McDade and others, 1993; Hood and others, 2002). As described earlier, the conventional
hydrocarbon resources contained in the approximately 1,250 known lower Paleogene reservoirs across the study area are
considered to be part of the Upper Jurassic-Cretaceous-Tertiary Composite TPS that was defined for this assessment (fig. 5).
Timing of the various elements of the Upper Jurassic-Cretaceous-Tertiary Composite TPS, which includes the stratigraphic
position of major source rocks and the generation and accumulation of hydrocarbons in the lower Paleogene, are summarized in
the events chart presented in figure 7.

Source Rocks and Thermal Maturation

Multiple source rock intervals (fig. 2) in the Gulf of Mexico Basin have been identified and discussed by numerous
authors (Laplante, 1974; Evans, 1987; Sassen and Moore, 1988; Walters and Dusang, 1988; Jones, 1990; Price and Clayton,
1990; Sassen, 1990; Nehring, 1991; Price, 1991; Comet, 1992; Thompson and Kennicutt, 1992; McDade and others, 1993;
Zimmerman and Sassen, 1993; Echols and others, 1994; Wescott and Hood, 1994; Nelson and others, 2000; Lewan, 2002; Hood
and others, 2002; Warwick, 2006; Dennen and others, 2010). The primary source rock intervals for Mesozoic and Cenozoic
strata of the northern, onshore Gulf of Mexico coastal region are organic-rich shale and limestone/marl of the Eagle Ford
(Turonian) and Smackover (Oxfordian) Formations (numbers 3 and 8 on fig. 6) and mudstone, claystone, and coaly intervals of
the Wilcox Group (Paleocene-Eocene), with some contributions from interbedded shales of the Sparta Sand in the lowermost
Claiborne Group (Eocene) (fig. 2 and number 2 on fig. 6) (Wenger and others, 1990; Price, 1991; McDade and others, 1993;
Hood and others, 2002).

For the current assessment, regional Wilcox Group thermal maturity data were obtained from the literature and unpublished
databases to improve definitions of source rock maturity and distribution (Warwick, 2006; Dennen and others, 2010; Pitman and
Rowan, 2012). Coal from the Wilcox Group ranges in coal rank from lignite at the outcrop scale to high volatile C bituminous at
depths of about 1,675 m (~5,500 ft) (Warwick and others, 2006, 2008). For the thermal maturation modeling studies (Rowan and
others, 2007; Pitman and Rowan, 2012) an average approximate total organic carbon (TOC) in weight percent for Wilcox source
rocks was obtained from more than 1,000 outcrop and drill-hole samples; average TOC was determined to be 1.4 weight percent
(fig. 8). The average is based on non-coaly samples (TOC values <10 percent) and samples with TOC values above a minimum
value of 0.5 percent (fig. 8). Coal-rich samples with high TOC were excluded because they were over-represented in the database
and the low TOC values were excluded because they did not have source rock potential. Wilcox mean vitrinite reflectance values
(%Ro mean; n = 450 samples) range from about 0.3 percent updip near the outcrop, to more than 1.5 percent at elevations
lower than about 15,000 ft below sea level in south Texas (fig. 9). Locally, %Ro values exceed 4.0 percent in south Texas (Dow
and others, 1988; Dennen and others, 2010) possibly due to updip fluid circulation along faults or other undefined geologic
phenomena. Regional trends in the vitrinite reflectance data suggest that gradients of Wilcox maturity versus elevation are not
as great in the northeastern part of the basin (Arkansas, Louisiana, and Mississippi) as they are in the southwest (Texas), thereby
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implying a general increase in Wilcox maturity towards the south (fig. 10). However, a general elevation to %Ro relationship,
expressed as the y-intercept on figure 9, was used to generate a regional contour map of expected vitrinite reflectance on the
structural top of the Wilcox Group (fig. 11). The Wilcox %Ro map (fig. 11) was mathematically derived from the structural
contour map of the top of the Wilcox Group (fig. 3) using the y-intercept equation from figure 9 and a commercial mapping

and well-log management software package. These mean %Ro data and the maturity map (fig. 11) were used to calibrate burial
history models, which constrain the oil and gas generating capacity of Wilcox source rocks in the northern part of Gulf of
Mexico Basin (Warwick, 2006; Rowan and others, 2007; Pitman and Rowan, 2012) (fig. 12). Figure 12 shows burial history
models for two wells in northeastern and south Texas. The Wilcox strata in well 3-10 in northeastern Texas are still in the oil
generation window, whereas well 21-13 in south Texas completed oil generation at about 20 Ma (mega-annum) (early Miocene).
This relationship supports the general increase in Wilcox maturity towards the south as shown in figure 10.

Migration of Hydrocarbons

Conventional oil and gas resources found in the shallow, immature section of the lower Paleogene in the Gulf of Mexico
Coastal Plain are thought to have originated from updip or vertical migration of hydrocarbons produced from thermally mature
source beds (Evans, 1987; Sassen, 1990; Price, 1991; Zimmerman and Sassen, 1993; Echols and others, 1995). Hydrocarbon
migration in this area is illustrated by a diagram from Sassen (1990) that shows both vertical and updip oil and gas migration
from mature Smackover, Eagle Ford, and Wilcox-Sparta source rocks in southern Louisiana (fig. 13). Updip migration of oil
and gas from mature Wilcox-Sparta Sand source rocks is responsible for the shallow large oil accumulations in lower Paleogene
strata in northeastern Louisiana and adjoining areas of southwestern Mississippi (Sassen, 1990). The updip migration of
hydrocarbons may also be the best explanation for shallow oil and gas accumulations in the lower Paleogene subsurface of
Texas; however, oil accumulation in lower Paleogene strata is less common in Texas. The importance of vertical migration of
hydrocarbons should not be ignored. Hydrocarbons derived from any of the major Gulf Coast source rock intervals are liable
to move vertically along the numerous conduits associated with the growth faults and salt domes (fig. 13). Echols and others
(1995) argued that vertical hydrocarbon migration along faults is the dominate mechanism for charging shallow lower Paleogene
reservoirs in northern Louisiana. Recent work by Warwick and others (2008) and McIntosh and others (2010) has shown that
Wilcox Group coal beds may also serve as a source rock for biogenic gas generation, and isotopic data suggest that this biogenic
gas is probably the source of much of the conventional gas produced from the Wilcox in northern Louisiana. This may also be
the case in other parts of the basin where shallow accumulations of gas occur in the lower Paleogene.

Table 4. Lower Paleogene Gulf Coast assessment results.

Total Petroleum Systems Fiold : Total Undiscovered Resources
(TPS) _ . 0il (MMBO) Gas (BCFG) NGL (MMBNGL)
and Assessment Units (AU) F95 | F50 | F5 |Mean | F95 | F50 | F5 | Mean | F95 | F50 | F5 | Mean
Upper Jurassic-Cretaceous-Tertiary Composite TPS (504701)
2 Wilcox Stable Shelf Oil and Gas | Oil 12 49 111 54 8 33 83 38 0 1 3 1
£ AU (50470116) Gas | — — — — 17 403 | 846 | 434 4 13 30 | 14
% Wilcox Expanded Fault Zone Oil 18 49 95 52 74 215 459 234 2 6 14 7
‘i"; Gas and OIl AU (50470117) ' ¢ — — — — 714 | 2014 | 4209 | 2264 | 20 61 136 | 68
% Wilcox Slope and Basin Floor Oil 0 0 0 0 0 0 0 0 0 0 0 0
E Gas AU (50470118) Gas — — — — | 5173 | 23620 | 56486 | 26308 | 78 366 959 | 423
g Wilcox-Lobo Slide Block Gas Oil 1 4 9 4 6 20 48 23 0 0 1 1
S AU (50470119) Gas — — — — | 1543 | 6803 | 15732 | 7408 | 24 109 276 | 125
Total conventional resources 31 102 215 110 7,635 33,217 77,953 36,889 128 556 1,419 639




Reservoir Rocks, Traps, and Seals of the Lower Paleogene Assessment Interval

Midway Group

Limited oil and gas production occurs from sand-rich intervals in the Midway Group in southern Texas (for example, the
Poth sand; Palmer, 1954; Hopf, 1965, 1967, 1986a,b; Nehring, 1991) and in Mississippi (for example, the Clayton Formation;
Warner and Moody, 1991). Because of the low number of Midway fields (9 fields, Nehring Associates, Inc., 2006), the Midway
Group was combined with the Wilcox Group and Carrizo Sand of the Claiborne Group to form the lower Paleogene assessment
interval. According to Nehring Associates, Inc. (2006), known resources (produced and reported reserves) from Midway Group
reservoirs range from 325 to 2,280 million barrels of oil (MMBO) and 1,000 to 1,079 million cubic feet of gas. Midway Group
hydrocarbon reservoirs are sandstone and the traps are a combination of structural and stratigraphic. Generally, traps are formed
by growth faults, faulted anticlines, salt diapirs, and deltaic sandstone pinch outs.

Wilcox Group

The majority of oil and gas produced from the lower Paleogene assessment interval in the onshore Gulf Coastal region is
from the Wilcox Group. Nehring Associates, Inc. (2006) identified 1,218 reservoirs that are associated with the Wilcox Group
(see tables 2 and 3 for some reservoir names). Like the Midway Group, the Wilcox reservoirs are sandstone, and the traps are a
combination of structural and stratigraphic. Traps are formed by growth faults, faulted rollover anticlines, salt diapirs, and fluvial
and deltaic sandstone pinch outs.

Many studies have described Wilcox reservoir quality (Grubbs, 1953; Berg, 1979; Straccia, 1981; McBride and others,
1991; Goddard and others, 2002; Dutton and Loucks, 2007, 2008, 2010). In a typical example, Straccia (1981) describes the
characteristics of Wilcox sandstone reservoirs of the Rosita gas field (fig. 14) that produce abundant gas from highly faulted
reservoirs at depths of 9,500 to 15,300 ft. Reservoir quality varies according to rock type and degree of deformation, with
porosity ranging from 8 to 25 percent and permeability ranging from 0.02 to 0.5 millidarcies (md). Goddard and others (2002)
indicated that in the Livingston oil and gas field of southeastern Louisiana (fig. 15) the best reservoir quality is located within
the uppermost 10 to 16 ft of a thick (40 to 70 ft) sandstone interval, where fine to very fine grained silty sandstone has porosity
and permeability averaging 24 percent and 290 md, respectively. Porosity and permeability decrease toward the base of the
sandstone interval. Two intra-reservoir impermeable hard layers were identified as barriers to vertical fluid movement in the
reservoir. In general, Wilcox porosity and permeability decrease with depth (McBride and others, 1991), however, recent work
by Dutton and Loucks (2007, 2008, 2010) indicates that an increase of microporosity by feldspar dissolution at depths greater
than 19,500 ft may help to maintain some porosity and permeability for ultradeep reservoirs. For additional discussions of
individual Wilcox Group field characteristics, refer to Williams (1969), Galloway and others (1983), and Kosters and others
(1989).

Carrizo Sand

In general, the Carrizo Sand has similar reservoir characteristics as those described above for the Wilcox Group. Because
of the relatively few Carrizo Sand reservoirs (24) identified in the Nehring Associates, Inc. (2006) database, and because the
Carrizo is generally included in Wilcox field completions, the unit was assessed as part of the lower Paleogene assessment
interval (fig. 2). For a discussion of Carrizo Sand reservoir characteristics refer to Hamlin (1983, 1988), McBride and others
(1991), and Enos and Kyle (2002). Examples of Carrizo Sand fields are discussed by Greenberg and Swinbank (1998).

Resource Assessment

In October of 2006, the USGS Gulf Coast Tertiary Assessment team met at the USGS offices in Denver, Colorado, to
review the petroleum geology of the Tertiary stratigraphic interval for the onshore and State waters portion of the U.S. Gulf of
Mexico Coastal Plain. The Paleogene strata were assessed by a team led by P.D. Warwick, whereas the Neogene strata were
assessed by a team led by R.F. Dubiel. The results of the Tertiary assessment are contained in Dubiel and others (2007). Five
assessment units (AUs) were established for the lower Paleogene assessment interval and are described below. The AUs include:
Wilcox Stable Shelf Oil and Gas (50470116), Wilcox Expanded Fault Zone Gas and Oil (50470117), Wilcox Slope and Basin
Floor Gas (50470118), Wilcox-Lobo Slide Block Gas (50470119), and Wilcox Mississippi Embayment (50470147) (fig. 16).



The AU numbering system was established by the USGS to facilitate petroleum resource assessment (U.S. Geological Survey,
2000). The unique number assigned to the Upper Jurassic-Cretaceous-Tertiary Composite TPS is 504701, of which “5” denotes
the region (North America), “047” denotes the province (Western Gulf), and “01”” denotes the TPS. Recent assessment studies
in the Gulf region (Condon and Dyman, 2006; Dyman and Condon, 2006; Pitman and others, 2007) also are considered to

be part of the Upper Jurassic-Cretaceous-Tertiary Composite. A review of the geologic model used to define the assessment
units is presented below. Digital versions of the AU boundary lines are available for download at the following USGS Energy
Resources Program website: https://energy.usgs.gov/OilGas/AssessmentsData/NationalOilGasAssessment/USBasinSummaries.
aspx?provcode=5047.

In January 2007, the Paleogene and Neogene Gulf of Mexico assessment teams met in Denver to present to a USGS
review panel a thorough analysis of all the available geologic data, petroleum exploration data, and petroleum development
data for each AU. The result of the meeting was to arrive at consensus data values used for estimating the remaining
hydrocarbon resources in each assessment unit (appendixes 1—4). Among these values were estimates of the sizes and numbers
of undiscovered oil and gas accumulations, based on a tabulation of existing field and well records provided by Timothy Klett
(written commun., 2007). The default minimum accumulation size that has potential for additions to reserves is 0.5 million
barrels of oil equivalent (MMBOE) (Schmoker and Klett, 2005). Additional data compiled or calculated in appendixes 1 to 4
for each assessment unit to aid in the final estimate of undiscovered resources include gas to oil ratios, natural gas liquids to
gas ratios, API gravity, sulfur content, and drilling depth. Additionally, allocations of undiscovered resources were calculated
for Federal, State, and private lands and for various ecosystem regions. Table 4 summarizes the technically recoverable
undiscovered resource results for each of the four assessed AUs and a total for the lower Paleogene. The Wilcox Mississippi
Embayment AU was not quantitatively assessed.

Geologic Model

For the assessment of Paleogene strata (lower and upper parts), the USGS used a generalized structural and stratigraphic
model to better define the various AUs for the Gulf of Mexico Coastal Plain (figs. 16 to 19). Each of the twenty-one assessed
Paleogene AUs (four in Wilcox, six in the Claiborne, six in the Jackson/Vicksburg, and five in the Frio/Anahuac; figs. 2 and
17) has a well-defined zone of extensional growth faults where stratigraphic units have been greatly expanded (Ewing, 1990,
1991a,b). In general, growth faults were active during sedimentation. The primary factor that defines the onset of coastal plain
expansion for a particular stratigraphic unit is the location of the shelf margin of the underlying stratigraphic unit (fig. 17). For
example, the northwest boundary of the Wilcox expansion zone is defined by the underlying Lower Cretaceous shelf margin
(fig. 17). The expansion zones for the younger stratigraphic intervals (Claiborne to Frio) were defined using a combination of the
fault zone data of Ewing (1990, 1991a,b) and the paleo-shelf margins defined by Galloway and others (2000).

In the most simplistic interpretation of the model, three AUs (updip, middip, and downdip) were defined for each of the
assessed stratigraphic intervals (the Wilcox, Claiborne, Jackson, and Vicksburg Groups; and the Frio, Hackberry, and Anahuac
Formations) (fig. 18). Some of the stratigraphic intervals were further subdivided into upper and lower parts (table 1).

Stable Shelf

In the updip, stable shelf AU, relatively shallow reservoirs (mostly at a depth <8,000 ft) are characterized by minimal
expansion due to growth faulting, and primarily consist of highstand and transgressive systems tracts including regional fluvial-
deltaic complexes, delta mouth and barrier bars, shelf sandstones, and incised valley fill (AU 1, fig. 18). Reservoir facies
may have high and predictable lateral continuity. Stratigraphic expansion is absent or minor and reservoir intervals are thin in
AU 1 when compared to those in the middip AU (AU 2, fig. 18). Traps generally occur as faulted traps or roll-over anticlines
against reactivated growth faults which flatten out in the underlying strata. Less frequent are back barrier sandstone pinchout
stratigraphic traps. Reservoirs are normally pressured, usually produce both oil and gas by pumping, and eventually typically
have a high water cut. In the Gulf of Mexico Coastal Plain, this AU constitutes a mature exploration and production trend, with
few remaining undiscovered fields and little potential for field growth by infill development wells. Exploration in the updip
stable shelf AU is very mature and production trends produce both oil and gas from reservoirs with normal temperature and
pressure depth gradients. Based on thermal modeling studies (Rowan and others, 2007; Pitman and Rowan, 2012), Paleogene
strata in the stable shelf AU are generally thermally immature, indicating that oil and gas produced in the area probably migrated
from deeper mature source rocks (fig. 13). This interpretation is supported by production data from IHS Energy Group (2005a)
and Nehring Associates, Inc. (20006).
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Expanded Fault Zone

The middip, expanded fault zone AU exhibits the maximum amount of expansion for each of the assessed stratigraphic
intervals (AU 2, fig. 18). The stratigraphic intervals in the expansion zone thicken to their maximum extent due to
syndepositional growth faulting. The middip AU consists mostly of deltaic and marine highstand and lowstand systems tract
sedimentary strata. Reservoir intervals in the middip AU range from thin to thick, and hydrocarbon exploration and production
trends are characterized as mature to frontier. Reservoir pressure gradients range from normal to high and temperatures range
from normal to high due to the overpressured zones at depth. Based on production data (IHS, 2005a; Nehring Associates,

Inc., 2006) and thermal modeling studies (Rowan and others, 2007; Pitman and Rowan, 2012), Paleogene strata in the
middip expansion AU are generally mature to overmature with respect to oil and gas generation, indicating that some oil and
predominately gas is produced from the AU.

In plan view, the expanded fault zone AU occurs over a relatively narrow area of the coastal plain, bracketing the
contemporary shelf edge basinward of the stable shelf (fig. 16). Reservoirs are characterized by maximum stratigraphic
expansion over syndepositional growth faults. Cumulative reservoir thickness increases greatly (fig. 18), although the thickness
of individual sands is not necessarily greater than in the stable shelf environment. Reservoir sands are deep (mostly 8,000 to
12,000 ft) and consist of highstand and lowstand systems tracts including delta mouth and front facies, incised valley fill, outer
shelf storm retreat sands, and upper slope sands occurring in turbidite and debrite deposits and slump blocks. Reservoir facies
generally have low and unpredictable lateral continuity because of stratigraphic and structural complexities. Traps are associated
with the ubiquitous contemporary growth faults, including rollover anticlines and upthrown and downthrown fault closures.
Reservoirs are overpressured, remaining in hydrostatic isolation since their rapid deposition, and produce both non-associated
gas and condensate by natural flow. Fields are highly compartmentalized and have a wide range of areal extents compared to
those of the stable shelf (Galloway and others, 1983; Kosters and others, 1989; Bebout and others, 1992). In the Gulf coastal
plain region, this AU constitutes late mature to frontier exploration and production trend with a high likelihood for new
discoveries and excellent potential for development wells within existing fields.

Slope and Basin Floor

The downdip slope and basin floor AU occurs downdip of the expanded fault zone and is characterized by minimal to
moderate expansion of reservoir sands due to their distal position with respect to contemporaneous shelf edge growth faulting
(AU 3, fig. 18). Reservoir sands are deep (mostly >12,000 ft) and consist of distal highstand and lowstand systems tracts
including slope turbidite fans, slope apron fans, shelf slump sands, incised valley fill, and blanket sand deposits on the basin
floor (AU 3, fig. 18). Reservoir facies are laterally continuous, but their locations are hard to predict or project from shallower
updip strata or depositional environments. Traps include stratigraphic pinchouts at sand body margins, complicated by structural
offset resulting from growth faults, which sole out from the overlying expansion zone (fig. 18, fault zone 3). Reservoirs are
likely to be overpressured, high-temperature, and produce nonassociated gas and condensate. For the lower Paleogene interval,
this AU constitutes a hypothetical exploration and production trend with very high potential for new discoveries.

The downdip, slope and basin floor AU (AU 3, fig. 18) shows minor to no fault-related expansion and consists mostly
of deltaic and marine distal highstand and lowstand systems tract sedimentary rocks. Reservoir intervals are thin to moderate
when compared to the reservoir intervals in AU 2 (fig. 18). The slope and basin floor AU is defined as a frontier to hypothetical
hydrocarbon production area due to the lack of drilling and production data from the area. Recent deep drilling (conducted
mostly after the 2007 resource assessment) to Paleogene reservoirs in the Federal and State waters of Louisiana have proven
the existence of petroleum charge and reservoirs in the Wilcox, Claiborne, Vicksburg, and Frio intervals beneath previously
established Neogene pay horizons (Moffat, 2010; Enomoto, 2014). In these discoveries, reservoirs are under high temperature
and pressure conditions due to deep burial. Based on thermal modeling studies (Rowan and others, 2007; Pitman and Rowan,
2012), Paleogene strata in the downdip expansion AU are likely to be overmature with respect to oil and gas generation,
indicating that gas is the predominate hydrocarbon in the AU.

Consequence of Progradation

Each assessed Paleogene interval (fig. 2), consists of a period of dominant progradation into the Gulf of Mexico, a
period of regional highstand and deposition of transgressive shale and thin marine sands, or a combination of the two periods.
During dominantly progradational periods, deposition occurred in stable shelf environments on the landward margin of the
basin, in expanded fault zone environments and slightly beyond at the contemporary shelf edge, and in slope and basin floor
environments basinward of the contemporary shelf edge (fig. 18). This motif is repeated in each of the progradational clastic
sequences, resulting in a systematic stepping-out of the three environments into the Gulf during deposition of each overlying
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stratigraphic sequence. Within individual stratigraphic intervals (for example, the Wilcox or Claiborne Groups) the boundaries
between the structural-depositional environments are time-transgressive (fig. 19). For example, the shelf margin gradually
advances basinward, in effect bringing stable shelf structural-depositional environments over the previously deposited expansion
zone within the same stratigraphic package (the Wilcox or Claiborne Group). In other words, the real boundaries between the
structural-depositional environments overlap in plan view, and overlap in the depth range of reservoirs. For the purposes of the
assessment and for the analysis of exploration and production history of individual AUs, this has the unintended consequence of
misplacing discovered reservoirs which lie near the structural-depositional boundary between the stable shelf and expanded fault
zone environments. Thus, characteristics of two AUs may be unintentionally grouped and assessed as one dataset.

Wilcox Stable Shelf 0il and Gas (AU 50470116)

The Wilcox Stable Shelf Oil and Gas Assessment Unit (figs. 16 and 20) extends from the approximate updip limit of
Wilcox outcrop (Schruben and others, 1997) downdip to the Lower Cretaceous shelf margin as defined by Galloway and others
(2000). IHS (2005a) data show shallow gas production within the outcrop zone of the Wilcox, so the shallow outcrop areas
were included in the AU. The AU extends mainly across southeastern Texas, eastern Texas, and northern Louisiana, but also
extends into Arkansas, Mississippi, and Alabama where local Wilcox production is present. The eastern boundary of the AU is
the eastern boundary of the USGS Louisiana-Mississippi Salt Basin Province (fig. 16; U.S. Geological Survey National Oil and
Gas Resource Assessment Team, 1995). The southwestern boundary of the AU is the United States-Mexico border. The downdip
extent of the AU is the approximate updip boundary of the Wilcox expansion zone (fig. 17; Ewing, 1990). The AU includes the
Paleocene-Eocene Midway and Wilcox Groups, and the Carrizo Sand of the lowermost Claiborne Group (Eocene) (fig. 2).

Wilcox Stable Shelf Oil and Gas Assessment Unit reservoir-size and (or) field-size data (from Nehring Associates, Inc.,
2006) (fig. 20) show that oil and gas accumulations above the minimum cutoff sizes of 0.5 MMBO and 3 BCFG, respectively,
are distributed throughout middip and downdip parts of the AU. Oil reservoirs are more common in northeastern Louisiana
and southeastern Mississippi. Sassen (1990), Wenger and others (1994), and Hood and others (2002) indicated that Wilcox oil
and gas production in this area is primarily derived from lower Tertiary marine source rocks that in some places is mixed with
oil and gas derived from Upper Cretaceous marine source rocks (figs. 6 and 13). In Texas, gas reservoirs are more common in
the downdip areas of the AU (fig. 20); however, oil is more prevalent in the shallow, updip parts of the AU. Wilcox petroleum
produced from Texas is suggested by several studies to be primarily derived from lower Tertiary terrestrial source rocks (fig. 6).
Interestingly, the downdip parts of the AU in northeastern Texas and central and southern Louisiana have few reservoirs and (or)
fields that meet the minimum accumulation cutoff requirements for the assessment.

The Wilcox Stable Shelf Oil and Gas AU is a mature exploration area, where more than 45,000 drill holes have
penetrated the Wilcox interval within the AU boundaries (IHS, 2005b). Geographic information system files that illustrate the
density of drilling and production for the Wilcox Stable Shelf Oil and Gas AU can be downloaded from the USGS Energy
Resources Program Gulf Coast website at: https://energy.usgs.gov/OilGas/AssessmentsData/NationalOilGasAssessment/
USBasinSummaries.aspx?provcode=5047.

For the purposes of the assessment, an analysis of accumulation discovery year and accumulation size is helpful to predict
the potential sizes and numbers of undiscovered accumulations of both gas and oil for each AU. Figures 21 and 22 show the
results of both discovered oil and gas accumulations for the Wilcox Stable Shelf Oil and Gas AU shown on figure 20. The
discovered accumulations have been divided into thirds, based on the year of discovery, and a median size is indicated for each
discovery third. Expected undiscovered minimum, median, and maximum field sizes are shown on the right of each plot for
an undetermined time in the future. For both oil and gas, maximum undiscovered accumulation sizes are expected to decrease,
however, undiscovered median accumulation sizes are not expected to decline significantly from the present value (figs. 21 and
22). Input data for the AU can be found in appendix 1 of this report.

The results of the assessment for the Wilcox Stable Shelf Oil and Gas AU are given on table 4. The estimate mean
technically recoverable undiscovered resources for the AU are as follows: 54 MMBO; 472 BCFG; and 15 MMBNGL.

Wilcox Expanded Fault Zone Gas and 0il (AU 50470117)

The updip limit of the Wilcox Expanded Fault Zone Gas and Oil AU is defined by the updip boundary of the Wilcox
expansion zone (fig. 17; Ewing, 1990), and the trace of the Lower Cretaceous shelf margin as defined by Galloway and
others (2000) (fig. 17). The downdip boundary is approximately the updip boundary of the Claiborne expansion zone (Ewing,
1990), and the trace of the upper Wilcox shelf margin (Galloway and others, 2000) (fig. 17). The AU narrows towards the
eastern boundary, which is formed by the Louisiana State/Federal water boundary (fig. 16). The southwestern boundary is the
northernmost extent of the Wilcox-Lobo slide-block deformation as defined by the seismic interpretations of Anderson and
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Fiduk (2003). The AU includes the Paleocene-Eocene Midway and Wilcox Groups, and the Carrizo Sand of the lowermost
Claiborne Group (fig. 2).

Wilcox Expanded Fault Zone Gas and Oil AU reservoir-size and (or) field-size data (from Nehring Associates, Inc., 2006)
(fig. 23) shows that oil and gas accumulations above the minimum cutoff sizes of 0.5 MMBO and 3 BCFG, respectively, are
most abundant in the Texas portion of the AU. Wilcox petroleum (primarily gas) produced from Texas is suggested to be sourced
from lower Tertiary terrestrial source rocks (Sassen, 1990; Wenger and others, 1994; and Hood and others, 2002) (fig. 6). The
downdip parts of the AU in Texas and areas in central Louisiana may not be adequately explored or they have few reservoirs that
meet the minimum accumulation cutoff requirements for the assessment.

The Wilcox Expanded Fault Zone Gas and Oil AU is a moderately mature exploration area, with more than 2,500 dry
holes that penetrated the Wilcox interval within the AU boundaries and approximately 500 oil or gas reservoirs and (or) fields
identified (IHS, 2005b; Nehring Associates, Inc., 2006). Geographic information system files that illustrate the density of drilling
and production for the Wilcox Expanded Fault Zone Gas AU can be downloaded from the USGS Energy Resources Program
Gulf Coast website at: https://energy.usgs.gov/OilGas/AssessmentsData/NationalOilGasAssessment/USBasinSummaries.
aspx?provcode=5047.

For the purposes of the assessment, an analysis of accumulation discovery year and accumulation size is helpful to predict
the potential sizes and numbers of undiscovered accumulations of both gas and oil for each AU. Figures 24 and 25 show the
results of discovered oil and gas accumulations for the AU. The discovered accumulations have been divided into thirds,
based on the year of discovery and the median discovered accumulation size is indicated for each discovery third. Expected
undiscovered minimum, median, and maximum field sizes are shown on the right of each plot for an undetermined time in the
future. For both oil and gas, maximum accumulation sizes are expected to decrease, however, undisclosed median accumulation
sizes are not expected to decline significantly (figs. 24 and 25). Input data for the AU can be found in appendix 2 of this report.
The expected reservoir depths for undiscovered oil reservoirs range from 6,000 to 15,000 ft, and the expected gas reservoir
depth for undiscovered gas reservoirs range from 6,000 to 20,000 ft.

The results of the assessment for the Wilcox Expanded Fault Zone Gas and Oil AU are given on table 4. The estimated
mean technically recoverable undiscovered resources for the AU are as follows: 52 MMBO; 2,498 BCFG; and 75 MMBNGL.

Wilcox-Lobo Slide Block Gas (AU 50470119)

The northeastern and northwestern boundaries of the Wilcox-Lobo Slide Block Gas AU (figs. 26 and 27) were drawn
to include the area of lower Tertiary slide block deformation as defined by the seismic interpretations of Anderson and Fiduk
(2003) (fig. 27). The downdip, southeastern boundary is based on limited (or sparse) proprietary seismic data that show
diminished lower Tertiary slide-block deformation styles towards the modern Texas coast. The AU also includes the lower
Wilcox Lobo structural and depositional basin that has been described by Adams (1993), Schenk and Viger (1996b), and
Stricklin (1996). The southwestern boundary of the AU is the United States-Mexico border. The AU includes the Paleocene-
Eocene Midway and Wilcox Groups, and the Carrizo Sand of the lowermost Claiborne Group (fig. 2).

Wilcox-Lobo Slide Block Gas Assessment Unit reservoir-size and (or) field-size data (from Nehring Associates, Inc., 2006)
(fig. 26) show that gas and a few oil reservoirs above the minimum cutoff sizes of 3 BCFG and 0.5 MMBO, respectively, are
distributed throughout the updip half of the AU. The downdip, southeastern half of the AU is relatively unexplored and has no
established production. Wilcox petroleum produced from the Wilcox-Lobo Slide Block Gas AU is suggested to be generated
from lower Tertiary terrestrial source rocks (fig. 6) (Wenger and others, 1994; Hood and others, 2002).

The updip northwestern half of the Wilcox-Lobo Slide Block Gas AU is a well explored area, with more than 800 drill
holes that penetrated the Wilcox interval (IHS, 2005b). However, relatively few (<75) wells have been drilled to test the Wilcox
interval in the downdip part of the AU. With the exception of the structural deformation style of the AU (fig. 27), reservoir
characteristics of the updip part of the AU are similar to those described above for the Wilcox Expanded Fault Zone Gas and
Oil AU. The reservoir characteristics of the downdip areas of the AU are thought to be similar to those for the Wilcox Slope and
Basin Floor Gas AU. Geographic information system files that illustrate the density of drilling and production for the Wilcox-
Lobo Slide Block Gas AU can be downloaded from the USGS Energy Resources Program Gulf Coast website at: https://energy.
usgs.gov/OilGas/AssessmentsData/NationalOilGasAssessment/USBasinSummaries.aspx?provcode=5047.

For the purposes of the assessment, an analysis of accumulation discovery year and accumulation size is helpful to predict
the potential sizes and numbers of undiscovered accumulations of both gas and oil for each AU. Figures 28 and 29 show the
results of both discovered oil and gas accumulations for the Wilcox-Lobo Slide Block Gas AU. For oil, there are only five oil
accumulations in the AU, and these have been divided into two groups (halves) based on the accumulation discovery year (fig.
28). The median discovered accumulation size is indicated for each discovery half. Expected undiscovered minimum, median,
and maximum accumulation sizes are shown on the right of the plot for an undetermined time in the future that will use current
recovery technologies. Maximum undiscovered oil accumulation sizes are expected to maintain their sizes, whereas the median
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undiscovered oil accumulation size is expected to decline (fig. 28). For gas, the discovered accumulation sizes have been
divided into thirds, based on the year of discovery (fig. 29). The median discovered accumulation size is indicated for each
discovery third. Expected undiscovered minimum, median, and maximum field sizes are shown on the right of the plot for an
undetermined time in the future. Both the maximum and median undiscovered accumulation sizes are expected to be maintained
at present values for an undetermined time in the future (fig. 29). Input data for the AU can be found in appendix 3 of this report.
The results of the assessment for the Wilcox-Lobo Slide Block Gas AU are given on table 4. The estimated mean
technically recoverable undiscovered resources for the AU are as follows: 4 MMBO; 7,521 BCFG; and 126 MMBNGL.

Wilcox Slope and Basin Floor Gas (AU 50470118)

The updip extent of the Wilcox Slope and Basin Floor Gas AU (fig. 30) is the approximate updip boundary of the Claiborne
expansion zone (figs. 16 and 17; Ewing, 1990), and the trace of the upper Wilcox shelf margin defined by Galloway and others
(2000). The eastern boundary of the AU is the Louisiana State/Federal water boundary. The southwestern boundary is the
United States-Mexico border. The downdip boundary is the Texas-Louisiana State/Federal water boundary. The AU includes the
Paleocene-Eocene Midway and Wilcox Groups, and the Carrizo Sand of the lowermost Claiborne Group (fig. 2).

There are only two reservoir-size and field-size data points in the Wilcox Slope and Basin Floor Gas AU (Nehring
Associates, Inc., 2000) (fig. 30). These gas accumulations are on the updip margin of the AU and are probably an extension
of the Wilcox Expanded Fault Zone Gas and Oil AU described above. The AU is a frontier exploration area, with only
about 180 drill holes that penetrate some portion of the Wilcox interval within the AU boundaries (IHS, 2005b). Geographic
information system files that illustrate the density of drilling and production for the Wilcox Slope and Basin Floor Gas
AU can be downloaded from the USGS Energy Resources Program Gulf Coast website at: https://energy.usgs.gov/OilGas/
AssessmentsData/National OilGasAssessment/USBasinSummaries.aspx?provcode=5047.

Because very little production has occurred in the Wilcox Slope and Basin Floor Gas AU, an analysis of accumulation
discovery year and accumulation size is not possible. Recent exploration and discoveries of Wilcox gas in the deep, offshore
part of the basin indicate that several thousand feet of Wilcox strata, containing thick (~1,000 ft) intervals of Wilcox sandstone-
dominated reservoirs are preserved in the distal parts of the basin (Meyer and others, 2005, 2007). Analysis of reservoir quality
in the deep (>19,000 ft) onshore Wilcox interval suggests the presence of sandstone reservoirs that maintain some porosity and
permeability (Dutton and Loucks, 2007, 2008, 2010). Given the probable widespread occurrence of sandstone reservoirs in slope
and basin floor Wilcox environments, and the limited deep drilling information from the AU, the USGS assessment team reports
a broad range of uncertainties for the resource potential for the Wilcox Slope and Basin Floor Gas AU (table 4). Input data for
the AU can be found in appendix 4 of this report. The expected reservoir depths for undiscovered oil range from 6,000 to 15,000
ft, and for gas reservoirs expected depths range from 13,000 to 30,000 ft.

The results of the assessment for the Wilcox Slope and Basin Floor Gas AU are given on table 4. The mean technically
recoverable undiscovered resources for the AU are as follows: 26,398 BCFG; and 423 MMBNGL.

Wilcox Mississippi Embayment (AU 50470147)

The Wilcox Mississippi Embayment AU extends northward from the Wilcox Stable Shelf Oil and Gas AU and the
Louisiana-Mississippi Salt Basin Province boundary (fig. 16) to the updip extent of Wilcox-age strata that crop out on the
margins of the Mississippi embayment. Cushing and others (1964) presented a detailed discussion of the geology of the
Mississippi embayment and Coleman and Pratt (2015) have reviewed the petroleum potential of the Reelfoot rift and overlying
sediments of the northern part of the Mississippi Embayment AU (fig. 1). The AU includes the Paleocene-Eocene Midway and
Wilcox Groups, and the Carrizo Sand of the lowermost Claiborne Group (fig. 2). This AU was not formally assessed by the
USGS because of the low resource potential for hydrocarbons in the area (Dubiel and others, 2007).

Comparison of Results of the Lower Paleogene Assessment with other 2007 U.S. Geological Survey
Tertiary Assessments

The summary graphs of the Gulf Coast region (fig. 31) show the results of all USGS 2007 assessed undiscovered oil and
gas resources in the Gulf Coast region (total of 22,689 MMBOE). Figure 314 illustrates the results of the lower Paleogene
AUs, whereas figure 318 shows the results of the Tertiary stratigraphic AUs. The Wilcox Stable Shelf Oil and Gas AU contains
the most undiscovered oil and the least amount of undiscovered gas resources of all the assessed AUs in the lower Paleogene
assessment interval. The Wilcox Expanded Fault Zone Gas and Oil AU contains similar amounts of undiscovered oil as might be
found in the updip Wilcox Stable Shelf Oil and Gas AU, and significantly more gas than found in the shallow parts for the basin.
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The Wilcox-Lobo Slide Block Gas AU contains the second greatest undiscovered accumulations of gas and the third greatest
accumulation of undiscovered oil in comparison to the other lower Paleogene AUs. The assessment results for the Wilcox Slope
and Basin Floor Gas AU indicates that the AU is dominated by gas and is estimated to hold about one third (or 26.4 trillion
cubic feet) of the undiscovered gas resources for all of the Wilcox assessed intervals. Of the assessed total of undiscovered
conventional resources in the Gulf Coast Tertiary (22,689 MMBOE), the Wilcox and Neogene AUs contain more than 50
percent of the remaining resources, 30.4 percent and 23.2 percent, respectively (fig. 31B).

Summary

The U.S. Geological Survey (USGS) recently conducted an assessment of the undiscovered, technically recoverable
conventional oil and gas resources in Paleogene sediments underlying the U.S. Gulf of Mexico Coastal Plain and State waters.
For purposes of the assessment, an Upper Jurassic-Cretaceous-Tertiary Total Petroleum System (TPS) was defined for the entire
Gulf of Mexico Basin. Paleogene strata were divided into the following stratigraphic study intervals and assessed accordingly:
(1) Wilcox Group (including the Midway Group and the basal Carrizo Sand of the Claiborne Group; Paleocene-Eocene); (2)
Claiborne Group (Eocene); (3) Jackson and Vicksburg Groups (Eocene-Oligocene); and (4) Frio and Anahuac Formations
(Oligocene). Based on a generalized structural and stratigraphic model, each assessed Paleogene stratigraphic interval was
subdivided into an updip, stable shelf assessment unit (AU); a middip, expanded fault zone AU; and a downdip, slope and
basin floor AU. A significant controlling factor for the location of the middip expansion zone AU is the location of underlying,
stratigraphically older shelf margins. Using the geology-based assessment methodology, the USGS assessed a mean of 36.9
trillion cubic feet (or 6,148 MMBOE) of undiscovered, technically recoverable natural gas; a mean of 110 million barrels of
undiscovered, technically recoverable oil; and a mean of 0.6 billion barrels of undiscovered, technically recoverable natural
gas liquids in the Midway and Wilcox Groups and the Carrizo Sand of the Claiborne Group. A significant portion of these
undiscovered resources (26.4 trillion cubic feet of gas, or 4,400 MMBOE) is estimated to occur in the Wilcox Slope and Basin
Floor Gas AU.
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Figure 2. Generalized stratigraphic section of the northern Gulf of Mexico Coastal Plain showing gas (red triangles) and oil (green
circles) occurrences, potential shale source rocks (blue boxes), and potential coal source rocks (red stars). Numbered intervals refer
to the major Paleogene and Neogene, and coalbed gas assessment intervals assessed by the U.S. Geological Survey in 2007 including:
(1) lower Paleogene (Midway, Wilcox, and Carrizo Sand) reported in this chapter, (2) Claiborne, (3) Jackson and Vicksburg, (4) Frio,
Anahuac, and Hackberry, (5) Miocene, (6) Plio-Pleistocene, (C1) Olmos-Escondido coalbed gas, (C2) Wilcox coalbed gas, and (C3)
Cretaceous-Tertiary coalbed gas. Abbreviations: Holo., Holocene; L., Lower; Mid., Middle; Pal., Paleocene; Plei., Pleistocene; Tria.,
Triassic; Quat., Quaternary; Up., Upper. Vertical lines represent an unconformity; wavy line, disconformity; jagged line, interfingering;
dashed line, uncertain (modified from Salvador and Quezada Muifieton, 1991; Nehring, 1991; Humble Geochemical Services and others,
2002; and Warwick and others, 2007b). The time scale follows Palmer and Geissman (1999) and U.S. Geological Survey Geologic Names

Committee (2007, 2010).
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EXPLANATION

[Source rock stratigraphic position, depositional environment, and avaialble sulfur or salinity content]

(D) Not designated

() 1 =Lower Tertiary (centered on Paleocene-Eocene Wilcox-Sparta), marine, intermediate sulfur

() 142 = Lower Tertiary (centered on Paleocene-Eocene Wilcox-Sparta), terrestrial

7 143 = Lower Tertiary (centered on Paleocene-Eocene Wilcox-Sparta), marine, intermediate sulfur; and Upper Cretaceous (centered on Turonian Eagle
Ford), marine, low sulfur

146 = Lower Tertiary (centered on Eocene), marine, intermediate sulfur; uppermost Jurassic (centered on Tithonian), marine, moderate to high sulfur

() 2 = Lower Tertiary (centered on Paleocene-Eocene Wilcox-Sparta), terrestrial

(O 3 = Upper Cretaceous (centered on Turonian Eagle Ford), marine, low sulfur

77) 3+7 = Upper Cretaceous (centered on Turonian Eagle Ford), marine, low sulfur; and Upper Jurassic or Lower Cretaceous?, marine

(3 4 = Upper Cretaceous (centered on Turonian Eagle Ford) and Lower Cretaceous (centered on Aptian), calcareous, moderate sulfur

() 6 = Uppermost Jurassic (centered on Tithonian), marine, moderate to high sulfur

6+8 = Uppermost Jurassic (centered on Tithonian), marine, moderate to high sulfur; and Upper Jurassic (Oxfordian Smackover), carbonate, high salinity

() 7= Upper Jurassic or Lower Cretaceous?, marine

€3 7+9 = Upper Jurassic (Oxfordian Smackover) or Lower Cretaceous?, marine; and Triassic (Eagle Mills), lacustrine

3 8 = Upper Jurassic (Oxfordian Smackover), carbonate, high salinity

&) 8+9 = Upper Jurassic (Oxfordian Smackover), carbonate, high salinity; and Triassic, lacustrine

Figure 6. Map showing the ages and distribution of trapped petroleum from correlated source rocks in the northern Gulf of Mexico
region. The complex two-dimensional pattern of the source rock ages, depositional setting, salinity, and sulfur content was derived
from oil geochemistry data and suggests numerous three-dimensional petroleum systems are in the region. “Intermediate” denotes
a depositional environment that is transitional between marine and terrestrial; “centered on” denotes primary interval (modified from
Wenger and others, 1994; Hood and others, 2002; and Warwick and others, 2007b).
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Figure 12. Burial history curves for two Wilcox wells in Texas where mean vitrinite reflectance (%Ro) and bottom-hole-temperature
(BHT) data were available. The green shaded area in A and B represents the oil window for the Wilcox, defined by transformation ratios
(TR). The onset, peak, and end of oil generation in the Wilcox, are represented by 1 percent, 50 percent, and 99 percent TR curves,
respectively. The curves were calculated using kinetic parameters for the Wilcox listed in Rowan and others (2007, table 4). The 0.5
%Ro contour represents the onset of gas generation from Type Ill kerogen. A, Well 3-10; B, Well 21-13; and C, locations of burial history
models discussed in Rowan and others (2007). Solid green squares indicate wells for which BHT data were available and black circles
show locations of %Ro data from the Wilcox Group. The Lower Cretaceous shelf edge is shown for reference (Ewing and Lopez, 1991,
plate 2). Red circles show locations of Wells 3-10 and 21-13. Abbreviations: ft, feet; km, kilometers; L, lower; M, middle; U, upper.
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Figure 13. Migration pathways of oil and gas in southern Louisiana. A, Line of cross section showing geologic framework, stratigraphic
units, source rocks, and proposed migration pathways. B, Map showing location of cross section in A (red line). Modified from Sassen
(1990). Abbreviations: km, kilometers; mi, miles.
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Figure 14. Petroleum geology of the Rosita field that produces from the Wilcox Group in south Texas. A, Location map. B, Generalized
cross section illustrating the major faults and sandstones in the Rosita field. C, Structure contour map of the “R” sand and location of
the cross section in B. D, Grain size, composition, and bedsets of part of the middle “V” sand in the Shell Stegal 1A well (location of well
shown on C). Modified from Straccia (1981). Abbreviations: f, fine; ft, feet; km, kilometer; m, medium; max, maximum; s, silt; vf, very fine.
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Figure 15. Petroleum geology of the Livingston field that produces from the Wilcox Group in southeastern Louisiana.
A, Location map. B, Depositional model for Wilcox Group barrier island sandstone deposits in the Livingston

field (modified from Reinson, 1984; and Goddard and others, 2002). C, Structure contour map of the “1st Wilcox
Sand”, Livingston field. An east-west structural trend and a slight rollover toward the northern east-trending fault
can be observed. D, Geophysical log from the well with an arrow shown on C. From Goddard and others (2002).
Abbreviations: ¢, porosity; K, permeability; md, millidarcies; ft, feet.
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Progradational overlap between assessment unit reservoir environments
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Figure 19. Stacked reservoirs and assessment units (AUs) in the Gulf Coast Tertiary assessment model showing the
offset and overlapping character of the assessment units through time and the advance of the shelf margin basinward

(see fig. 17).

48




‘walsAg wnajonad [e10L
‘Sd. ‘10 40 S|alieq uoljiw ‘0 gNIA ‘seb Jo 188} 21qN3 UOI||Iq ‘'D40g :SUONRIABIQQY ‘(£661) SI18Y10 pue Yaimieps woiy ABojoab dooing *(900z) "ou| S81e1o0ssy Bulyay woly ale eyep
JI0AI8S3. pUB p|al JUSWISSASSE 8 JO SWI} 8Y1 1B PalSIXa 1Byl (SII0AI8S31) suoneNwWNade seb pue |10 Buimoys ‘(Ny) HuM JUBLISSASSY SBY pue [IQ J[dYS 8]qeIS X09|IAN  “0Z 3nbig

1 1 1 1
(OENN S0 'O @
se3 pue [I0 o _Xm _\/_ﬁ
se
(5408 £9) 50 @ sielpwoln 091 08 0
SUONE[NUINIIY S pue [I0
———+—
Sd.L ansodwo) Areno], SN 001 0S 0
-snodoejaI)-orsseany 1oddn ey ' ﬂmu ®
doxono dnoipy xoo[ip @l <4 vO t
NV SeD Pue 10 JI3YS S[qEIS XM () OO—.%Q
NOILVNVIdXd .
\\ d !
, s81elg
‘ 1 N.0€
e un
i B |
<] ® es
N, > ddississ| : L
e \ Sexal ‘ ‘ _

(]

57 ] | 1 NoS€
woyep

Vil

M.S8 M.06 M.S6 M.001

49



‘|10 40 S|aieq UOI||IW ‘OGN SUOIBIABIGQY *(900Z “UNWILIOD USILIM) Na[Y "Y'l PUe (900Z) U] S81e100ssy Bulya Wolj eleq "SUORRINWNIIL |10 8ININY JO SBZIS
pa1oadxa ay) a1e UMOYS 0S|y (M) HUM JUBLISSASSY SBY pue [IQ J|dYS 9]qe1S X09|IAN 8Y1 10} 1eaA AIBA0ISIp SNSIBA 8zIs uone|nwnaoe |10 umolb jo1old Lz aInbig

uoneinwnooe jig @

8z1s uone|nwnooe aimny payosdxy W
pJIyl yoea 1o} azIs
UONBINWINIJR PaJBA0ISIp UBIPaN

NOILVNV1dX3
JeaA Aianoasip uonenwnooy

8.nin4 G00¢ G661 G861 GL61 G961 G461 Gv61 GE6l Ge6l GL61 G061

. . . T 1’0
| | | |
| | | |
| | | |
WINWIUA| | I I I o
G
L. umnalnamuaLen o
FYHTTUarivNn I v M
| S
| | =3
1 o
(o]
| | o
[
I I 3
1 [ [
|| —_—
¢ =
' =3
| I nUU
| | @,
N
i @ 0
| | | =1
T I ! =
- OR o
1 i || @) | o
—y ~— L
e I paiyl I pip ™ ~@pmy |!
p8138tX3 I o [T I Rl s I
T SELISH| T pu09eS INPIE .
i i i i 00l

(9110£¥0G NV) HUN JuBWSSBSSY SeY pue |10 8YS 8|qe1s X091

50



"sef J0 189} 21qn uol||Iq ‘D499 :SUOIRIABIGQY (9007 ""UNWWOI UBKIIM) NB[Y "H'L PUe (900Z) ~ou] Saie1dossy Buliyap wolj eleq ‘suone|nwnaoe seb aininy jo sazis
paloadxa ayl ale UMOYS 0S|y *(NY) Huf JUBWISSASSY Seq pue |IQ §|ays 8]qe1s X09|IAN 8yl 1o} Jeah A1anoosIp snsian azis uone|nwnoae seb umoib jolo|d gz ainbiy4

uonenwnooe seny @

82Is uone|NWNade aininy paloadxy W
pJIY} yoea Joj azIs
UOIRINWINIOR PBIBA0ISIP UBIPBN

NOILVNV1dX3
leaA Atanoasip uonenwnoaay

alning 600¢ G661 G861 GL6l G961 qG61 ar6l aeel Ge6l Glel G061

T T | | L , F
_ ] I _
_ I I _
bl _ I I l
v- ] 3 _ : 4O 0438 ¢ o
o
| ©e%% g¢ © © i :
ueipay 0© ® @! <
et | o« 3
o~ Ve * :
| ~® 0 S
I I S J
I ® @ A.‘ I W
" ~m o O% i =,
I () } I ) t [ w
LWINWIXBIA I @ @ R 2
V= _ | o' I _ -0l @
S=-o _ I ! =]
| . I ! o
- - (qp]
| I =~ ~— ’._ I Iq_l_u
I _ 1=~~~ P _
| pa1y3 o pagy pa1yy !
palaadx3 | At I | niipaaetl Tt I
! = Py ' ptodeS* 1S4
i i i i OOO;

(9L10LF0G NV) HUN JUBWSSBSSY SBY pue IQ 8YS 8]qe1s X0J|IAN

51



"walsAg Wnajo.1ad [B10] ‘S ‘|10 Jo s|aileq uoljiw ‘OgIAlIN ‘seb j0 1984 91gnd uolj|iq ‘D49qg :SUORIABIGQY (£661) SI8YI0 pue yaimiepp wolj ABojoab doioing

'(900¢) ou| sajelo0ssy mc_._r_mZ wioJj ejep JioAI8sSal pue pjal4 ‘'suolje|jnwndoe seb pue |0 mc_>>0r_w (NV) Hun 1UBWISSaSSY |IQ pue seq auoz 1jne4 Um_u:maxm_ X0J|IAN

"€z aanby

1
(OINN S0 IO @
seS pue [I0 o
(OdDge)seD @
SUONB[NWINJIY SeD) pue [10Q
Sd.L ensodwo)

A1e1319] -snoaoejar)-oisseinf 10ddn e
doroino dnoiny xooimm @ sIsjaWOl 091

NV 1O pue sen duoZ y[ne papuedxy xooipm () ' |

08
|

f t
S|l
NOLLVNV1dXd N 001

_ t
0s

.

&

)|

r N..C

N.0€

52



o jo
s|aJleq uoljiw ‘0gINIAN :SUORRIABIGQY (9002 “UNWIWIOD UBNLIM) NaY "H'L PUe (900g) "oU| S81e190SSY Bullys|y WoJj e1R( 'SUOKEINWNIIE |10 34NN} O SBZIS Paloadxa
8yl 848 UMOYS 0S|y "(NV) HUM JUBWSSBSSY |IQ PuUe SBL auoz }ne4 papuedx3 X09|IAA 8y} 10} JeaA AI8A0ISIp SNSJBA 8zIs uone|NWNade |10 umolb jolold  “pg ainbil4

uonejnwnaoe|ig @

9zIs uonenwnooe aimny pajoadxy Y
pJIy3 yoea Joj azis

uole|NWNIdE PaIdn0IsIp uelpajy

NOILVNVY1dX3
leaA Aianoasip uonejnwnooy

aJnin4 G00¢ G661 G861 GL6L G961 G461 Gv61 GE6I 66l Gl6lL G061
. L] . L] L] . | PO
I | | |
I I I |
I I I |
WwnwiuI 1 1 [ [ n_mmu
'l' o0 58 == 4010 0GININ G0 s
§|_|' ! >
POl I . I _ =}
_ ll.llll‘..dﬁll..l‘l Qi I 2
l ® C‘ = o® I m
I (G I
'l ‘ ‘ 'l 'l c
| “‘ | >
4 I @ :m =4
_ @ | _ >
1 1 I © N’
I 1 r @0 — oL
wnwixen . (@) | ' I =1
Ve _ “ > %q =
1=~ ====-_90__ L R =
1 I TT===@ 1 ©
cero0tdxg ) paTy} f paTy} payy
it 1 Pt I—puooss L — 7 —
| | | | 00l

(LLLOLY0G NV) 1UN UBLISSASSY |IQ PUB SBY 8U0Z Jjned papuedx3 X09|IA

53



‘seb Jo
1884 21gN2 Uol|[Iq ‘949 g :SUOIEIABIGQY (900 “UNWWOI UBNLIM) 113]Y "H'L PUB (900Z) "du| S81eI20ssYy Buliysy woiy ele( ‘suoie|nwnaoe seh ainny jo sazis pajoadxa
8y} 8Je UMOYS 0S| (NV) HuM JuUBWSSassy |IQ pue sen auoz }ne4 papuedx3 xod|IA\ 8y 4oy JeaA A1anoasip snsian azis uonejnwnade seb umolb jojold "Gz ainbiy

uonejnwnooe seg @
9zIs uone|nwndoe aininj pajoadxy W

pJIy} yoea o} azis
uonE|NWNII. PBIBAVISIP UBIPBN

NOILVNV1dXd
JeaA AJanoasip uonenwnooy
ainin4 G00¢ G661 G861 G/6l G961 Ga61 Gi61 GE6L GZ61 Gl6l G061
T | | | T | F
I I
wnwiulip I I
V-—====—2-- L P T = =~ — Honandoge ®
. @ T D @D o . 3
: Do o O e" : =
ueIpaiAl Im‘“ I w: I >
V-=---® &
| ! &
(] i c
0 3
==
i i - 001 =1
I ® I S
O J _ @,
WNWIXEe _ : ® : _ @
| i @ ] I I , M
_ el S _ ; 0001 &
_ _ T === @l )
I I I I
; pigy | paTgy (L —
.Umu.omaxm i DU | NIIIKEIN | 1S i
\ FEEL . r P . s ' '
! ! ! ! ooool

(LLLOLP0G NV) NUN JUBWSSASSY [IQ PUB Seg auoz Jne4 papuedx3 X0\

54



‘10 40 s|aieq uoljIW ‘OGN ‘Seb Jo 188} 21gN3 UOI||Iq ‘D47g :SUONBIABIQQY *(£661) SI8YI0 pue YaImiep woly ABojoah
doJ0InQ *(900g) "ou| S81L100SSY Buliya Wolj elep J1I0AI8SaI pue pjal4 ‘suoienwnage seb pue 1o Buimoys ‘(Ny) Hup JUSWSSaSSY SBL 320|g 8p!|S 0G0T-X0I|IAN 9 dinbiy

(OGNN S0 TI0 @ _ _ _
seSpue 10 ©
R - No9Z
(Dd0d €<) sED @ MN
SUONE[NUWINIIY S5 pue [10
doomo dnoin xoo[ipy @
NV seD YP0Id 9IS 0q0T-X0IM ()
NOILYNVTdXH /
8.
..‘
sJalawo|y 08 ] 00
- — oo. oool 4 NoLz
Sa|IIA 05 oo o
° oo
[ )
® o ol
fl_lr\ ) o o ©
% .ooo o>’
\O e o ° 02IX3IA
OO/w\r@/z " ° o .
8
Qe ’
S81e1S
R 3 No8C
payun
Sexa|
1
1 1 1 1

Mo96 MoL6 Mo86 Mo66

55



A 99°W 98°W 9°W 96°W

Texas
senl Unit 7
tates Line B
o0
) g™
27°N } ——
Line A o Wileox-Lobo Slide
Mexi€0 Block Gas AU
9_.._....._.._5.0 Miles
26°N b 0 80 Kilometers
Line A E
B. W 00
© 10 Undifferentiated /. Lwoosg
€ 107 equa )=
3 2.0-\ kueen City \ Yegua L 20 8
w
< 30- \ / ] 130 =
3 \ ilco \\\}‘1 N w s
E 40 Cretaceou \Wilco;ra flco \ Queen q N E
> 501 Cretaceous iy | 50 >
: — ? 2
Z 60 Wilcox Detachment surface ? L6032
2 70l depotrough 70 &
8.0 8.0
\Fault 0 5 Miles
'—I‘—I—|—I—|-I—'
0 8 Kilometers
Northwest Line B Southeast
C 101 150 250 350 Vibration point
. 0.0 N
Top of Jackson
10 Top of Yegua
’ Top of Queen City
= _ h . : Top of upper Wilcox
g 204 - = SR =iz~ Base of upper Wilcox
S 207 > :
©
2
E Top of Cretaceous
. 30
3
c
o
3
w 40 Top of Lower Cretaceous

5.0 Top of Paleozoic(?)

0 10,000 ft

1 .
0'—""'—"'—'—'3,000 m \ Fault s Fault, uncertain

Figure 27. Structural characteristics of the Wilcox-Lobo Slide Block Gas Assessment Unit (AU). A,
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Figure 31. U.S. Geological Survey Gulf Coast assessment results. A, Results for all lower Paleogene
undiscovered, technically recoverable conventional oil, gas, and natural gas liquids. B, Results for all Tertiary
undiscovered, technically recoverable conventional oil, gas, and natural gas liquids (Dubiel and others, 2007).
The percentages shown are of the Gulf Coast Tertiary total of 22,689 MMBOE and are by major assessment
intervals and lower Paleogene assessment units. Abbreviations: AUs, Assessment Units; MMBOE, million

barrels of oil equivalent; NGL, natural gas liquids.
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Appendix 1. Input Data Form for the Wilcox
Stable Shelf Oil and Gas Assessment Unit
(50470116)

Input data form in appendix 1 for evaluating the Wilcox Stable Shelf Oil and Gas Assessment
Unit (50470116). [Abbreviations: accum., accumulations; AU, assessment unit; bcfg, billion cubic
feet of gas; blig/mmcfg, barrels of liquid per million cubic feet of gas; bngl/mmcfg, barrels of
natural gas liquids per million cubic feet of gas; cfg/bo, cubic feet of gas per barrel of oil; m,
meters; min., minimum; mmbo, million barrels of oil; NGL, natural gas liquids; no., number]


https://doi.org/10.3133/ofr20171111




Appendix 2. Input Data Form for the Wilcox
Expanded Fault Zone Gas and Qil Assessment
Unit (50470117)

Input data form in appendix 2 for evaluating the Wilcox Expanded Fault Zone Gas and Qil
Assessment Unit (50470117). [Abbreviations: accum., accumulations; AU, assessment unit; bcfg,
billion cubic feet of gas; blig/mmcfg, barrels of liquid per million cubic feet of gas; bngl/mmcfg,
barrels of natural gas liquids per million cubic feet of gas; cfg/bo, cubic feet of gas per barrel

of oil; m, meters; min., minimum; mmbo, million barrels of oil; NGL, natural gas liquids; no.,
number]


https://doi.org/10.3133/ofr20171111




Appendix 3. Input Data Form for the Wilcox-
Lobo Slide Block Gas Assessment Unit
(50470119)

Input data form in appendix 3 for evaluating the Wilcox-Lobo Slide Block Gas Assessment Unit
(50470119). [Abbreviations: accum., accumulations; AU, assessment unit; bcfg, billion cubic feet
of gas; blig/mmcfg, barrels of liquid per million cubic feet of gas; bngl/mmcfg, barrels of natural
gas liquids per million cubic feet of gas; cfg/bo, cubic feet of gas per barrel of oil; m, meters;
min., minimum; mmbo, million barrels of oil; NGL, natural gas liquids; no., number]


https://doi.org/10.3133/ofr20171111




Appendix 4. Input Data Form for the Wilcox
Slope and Basin Floor Gas Assessment Unit
(50470118)

Input data form in appendix 4 for evaluating the Wilcox Slope and Basin Floor Gas Assessment
Unit (50470118). [Abbreviations: accum., accumulations; AU, assessment unit; bcfg, billion cubic
feet of gas; blig/mmcfg, barrels of liquid per million cubic feet of gas; bngl/mmcfg, barrels of
natural gas liquids per million cubic feet of gas; cfg/bo, cubic feet of gas per barrel of oil; m,
meters; min., minimum; mmbo, million barrels of oil; NGL, natural gas liquids; no., number]


https://doi.org/10.3133/ofr20171111
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