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ABSTRACT

The Early Cretaceous (Berriasian—Hauterivian) Hosston Formation in Louisiana and eastward is time correlative to the
Travis Peak Formation of Texas and southern Arkansas. The formation is a first-order clastic sequence with a regional car-
bonate transgressive surface as an upper contact. The Hosston and Travis Peak formations contain conventional natural gas
and oil accumulations that have been produced for nearly a century. These mature reservoirs contain terrigenous fluvial-
deltaic, shore-zone, and paralic deposits across the productive trend; organic-lean mudstone and siltstone lithologies are found
outboard of the Lower Cretaceous shelf margin. Producing reservoirs exhibit normal pressure gradients from 0.43 to 0.55 psi/ft
(9.7 to 12.4 kpa/m), depths from 4000 to over 20,000 ft (1220 to 6100 m), and temperatures from 150 to 385°F (65 to 196°C).
Wells are primarily vertical completions. The number of new field wildcats has been declining since the late 1990s.

This paper presents comprehensive geologic models, which include lithofacies maps, structure and isopach maps, burial
history models, regional seismic interpretations, and events charts that underpin the recently completed U.S. Geological Survey
assessment of undiscovered, technically recoverable hydrocarbons within the Hosston and Travis Peak formations. This study
also provides geographic and stratigraphic distributions of Hosston—Travis Peak reservoir properties, including geopressure,
reservoir temperature, porosity, permeability, API gravity, and gas-oil ratios. Results indicate estimated undiscovered, techni-
cally recoverable mean resources of 28 million barrels of oil and 35.8 trillion cubic ft of gas in conventional and continuous ac-
cumulations within the Lower Cretaceous Hosston and Travis Peak formations of the onshore U.S. Gulf Coast region. Quanti-
tative assessment results are detailed in U.S. Geological Survey Fact Sheet 2025-3021 and associated Data Release.

INTRODUCTION tensive platform carbonates of the Lower Cretaceous (Barremian-

Aptian) Sligo and Pettet formations were deposited as sea level

The Early Cretaceous (Berriasian-Hauterivian; 130-115 Ma) rose and flooded the continent. This 15 Ma depositional cycle
Hosston Formation in Louisiana, Mississippi, and eastward is the includes substantial erosion associated with the regionally exten-

correlative equivalent to the Travis Peak Formation of eastern sive Valanginian unconformity resulting from the Cretaceous sea
Texas and southern Arkansas. The Hosston—Travis Peak (HTP) level minima (Haq, 2013). The primary producing trend includes
formations represents the second major clastic supersequence siliciclastic-rich strata of continental origin, predominantly from
(after the Cotton Valley Formation) deposited in the northern fluvial-deltaic and shore zone depositional environments.

Gulf of America Basin after Late Triassic continental rifting This study aims to quantitatively assess undiscovered,

opened the basin (Salvador, 1991). The HTP lower contact is a technically recoverable oil and gas endowments within the HTP
sequence boundary and is unconformable in many locations. The of the Gulf Coast region, as directed under the Energy Policy Act
upper contact is a transgressive surface on which regionally ex- of 2005 and the Energy Policy and Conservation Act of 2000.
This study area encompasses the HTP and Early Cretaceous
time-equivalent strata within the Jurassic-Tertiary-Cretaceous
composite total petroleum system (TPS; Dubiel et al., 2007) of
Manuscript received January 2, 2025; revised manuscript received May 9, 2025; manuscript ~ the onshore Gulf Coast region (Fig. 1). This paper describes the

Copyright © 2025. Gulf Coast Association of Geological Societies. All rights reserved.

accepted May 10, 2025. regional geologic foundations for the resource assessment, char-

acterizes all petroleum system elements, and synthesizes geologic
GCAGS Journal, v. 14 (2025), p. 87—105. models into unique assessment units (AUs) for the HTP and
https://doi.org/10.62371/STWR8033 time-equivalent strata. Seven conventional AUs and one continu-
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Figure 1A. Index map of the onshore Gulf Coast. (1) Paleofluvial axes for the ancestral Rio Grande (RG), Red (RD), Mississippi
(MS), Grenville (GV), and Peninsular/Suwannee (PS) river systems during the Early Cretaceous, (2) total petroleum system (TPS)
boundary, (3) the southernmost geographic extent of salt-weld terrain, (4) Lower Cretaceous shelf margin, (5) Appalachian-
Ouachita orogenic belt, and (6) basins and uplifts, including the North Louisiana Salt Basin (NLSB), La Salle Arch (LSA), Wig-
gins Uplift (WU), Jackson Dome (JD), and Apalachicola Embayment (AE).

ous AU were quantitatively assessed (Burke et al., 2025a,
2025b). Results indicate estimated undiscovered, technically
recoverable mean resources of 28 million barrels of oil and 35.8
trillion cubic ft of gas in conventional and continuous accumula-
tions within the Lower Cretaceous Hosston and Travis Peak for-
mations of the onshore U.S. Gulf Coast region.

BACKGROUND

The Western Interior Seaway (WIS) dominated western
North America for over 100 million yr during the Jurassic and
Cretaceous. However, during HTP depositional time (130-115
Ma), the southern terminus of the WIS generally coincided with
the present-day Canadian border, and nutrient-rich waters of the
Artic were not in communication with the Gulf of America water
mass (Blakey and Rannye, 2018). Instead, the main influences on
HTP erosion and deposition were sea-level fluctuations and con-
tinental drainage systems.

Substantial erosion of the HTP occurred during the Val-
anginian (128-123 Ma) global sea level minima of the Creta-
ceous (Haq, 2013). Consequently, HTP directly overlays Jurassic
source rocks in several locations in northwestern portions of the
TPS, based on subcrop maps in the vicinity of the ancestral Red

River drainage (Paxton, 2022). We hypothesize that these eroded
terrigenous  siliciclastic sediments were transported over the
Lower Cretaceous shelf margin and deposited onto the slope and
deep basin environments. In further support, my interpretation of
several regional reflection seismic lines, which are oriented dip-
wise and located downdip of the paleo Rio Grande, Red, and
Mississippi River axes, show prominent seismic reflectors at the
depth and thickness expected of the HTP. Seismic calibration is
attained from eight wells with lithofacies interpretation of the
HTP horizon. On the slope, this prominent reflector is laterally
continuous and parallel. It exhibits high acoustic impedance con-
trast at the top, which may suggest direct-hydrocarbon indicators
for natural gas charge. The HTP interval thickens basinward near
the shelf margin, and the acoustic impedance contrast decreases
in intensity, possibly due to mineral transition to a muddier slope
lithology and/or a decrease in natural gas charge. On the basin
floor, the time-equivalent HTP exhibits semi-continuous to dis-
continuous reflectors and decreases in thickness until finally ter-
minating in a series of attenuated, rotated fault blocks at approxi-
mately 24,600 ft (7500 m) depth. These seismic features exhibit
similar morphology to the intrabasinal tectonic structural features
in the northern Gulf margin, especially salt-based detachment
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Figure 1B. Early Cretaceous principle fluvial systems and depositional environments over the Gulf Coast study area (modified

after Galloway [2008] and Ewing and Galloway [2019]).

features, listric fault rollover systems, and salt-evacuation surfac-
es, as identified by Karlo and Shoup (2000; their figure 16.6B).

In stark contrast to modern-day continental-scale drainage
patterns, most of the North American interior during the Early
Cretaceous drained northward to the Boreal Sea through Western
Canada foreland-basin systems (Blum and Pecha, 2014). Conse-
quently, Gulf Coast drainage was limited to the area south of the
Appalachian-Ouachita orogenic system. These sediments origi-
nated from the ancient (1.3—1.1 Ga) continental cratonic base-
ment of the Laurentian-Grenville terrane, Laurentian margin, and
peri-Gondwanan sutured terrane, along with younger (650-510
Ma) Gondwanan-Suwannee sutured terrane in Florida (Mueller et
al., 2014). Four principal fluvial systems delivered these conti-
nental sediments to the northern Gulf of America during the
Lower Cretaceous: the Rio Grande, Red, Mississippi, and Gren-
ville Rivers. The Suwannee (or Peninsular) River had relatively
minor sediment input axis in central Florida due to the limited
geographic drainage area of relatively flat topography.

HTP depositional environments include paralic, fluvial-
deltaic, shore zone, prodelta front, slope, and abyssal plain with,
in general, terrigenous arkosic sandstone lithofacies transitioning
into organic-lean mudstone lithofacies downdip of the main pro-
ductive fairway. In Florida, continentally derived clastic lithofa-
cies transition into shallow-water platform carbonates moving
southward down the peninsula. Lithostratigraphic variations
within the HTP are a function of higher-order eustatic fluctua-
tions and the influence of local sediment influx rates. Although
the HTP is not formally subdivided into stratigraphic members,
four main divisions are recognized based on net-to-gross ratio,
with most production originating from the upper 300 ft of the
formation.

According to the literature (Dutton and Diggs, 1992; Dyman
and Condon, 2006; Yamin, 2007; Lander and Laubach, 2015;
Denny et al., 2020), the uppermost HTP section contains coastal
plain, paralic, tidal-flat, and shallow marine deposits that experi-
enced subsequent dolomitization reducing reservoir quality

(porosity ¢ = 3%; permeability k = 0.1 mD). In the East Texas
Basin, the upper to midsection contains extensively reworked
shore zone and high-sinuosity channel sands that are fine-grained
(0.14 to 0.21 mm), moderately well-sorted quartz arenites and
subarkosic sandstones of adequate reservoir quality (¢ = 13%;
k = 0.6 mD). Further eastward, the Hosston lithofacies encom-
pass extensively reworked shore zone clastics and fluvial-deltaic
deposits at the terminus of the paleo Mississippi River. Most
production comes from this portion of the formation, which ex-
hibits higher porosity and pore connectivity. Quartz, followed by
ankerite, is the most abundant porosity-occluding cement. Lower
portions of the formation are comprised of low-sinuosity stacked
channel sandstones and crevasse splays within flood-plain mud-
stones of continental origin; these sandstones are compacted and
extensively quartz-cemented, resulting in lower reservoir quality
(¢ < 4%; k < 0.1 mD). The basal non-reservoir strata are highly
compacted, extensively cemented deltaic fringe and marginal
marine deposits from the initial progradation of the HTP.

The HTP generally deepens southward towards the Lower
Cretaceous shelf margin and eastward towards the Mississippi
Salt Basin (Figs. 2A and 2B). However, prominent basins and
uplifts exhibit unique average depths to the top of the HTP:
14,000 ft (4300 m) average depth in the Mississippi Salt Basin;
10,000 ft (3050 m) average depth in the East Texas Basin and
North Louisiana Salt Basin; 5000 ft (1530 m) average depth in
the Sabine Uplift area; and 3500 ft (1,70 m) average depth in
southern Arkansas. The influence of salt structures and diapers is
visible in the HTP depth structure base map (stipple pattern; Fig.
2B), especially in southern Arkansas, along the northern margins
of the East Texas Basin, Sabine Uplift area, and North Louisiana
Salt Basin. Isopach thickness of the HTP averages 2000-2500 ft
(610-760 m) regionally with localized areas over 3000 ft (915 m)
(Fig. 2C). HTP in East Texas Basin (3500 ft [1070 m]) and
Northern Louisiana Salt Basin (4000 ft [1220 m]) exhibit greater
thicknesses as compared to the Sabine Uplift area (1500 ft [460
m]), which experienced substantial uplift and subsequent erosion
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Figure 2A. Depth structure map (top) of the Hosston-Travis Peak formations over the main productive trend shows a general

deepening southward and eastward.

(Laubach and Jackson, 1990). Notably, thick lobe-shaped physio-
graphic features (6000 ft [1830 m]) are visible at the terminus of
paleo Mississippi and Grenville River drainage axes and may
represent clastic fluvial-deltaic deposits; our observations are
corroborated with Snedden and Galloway’s findings in this vicin-
ity (Snedden and Galloway, 2019). The isopach map also high-
lights the presence of salt diapirs across southern Arkansas, the
rim of the East Texas Basin, and the western half of the Sabine
Uplift area. These salt-related features are associated with in-
creased mobilization of Jurassic Louann Salt (Lopez, 1995) dur-
ing HTP depositional loading and provide high-permeability
conduits for secondary migration from underlying Jurassic source
rocks.

In congruence with the structural architecture, HTP reservoir
temperature generally increases southward and eastward, corre-
sponding to a deepening of the formation (Figs. 2D and 3) (Burke
et al., 2020). Reservoir temperatures can be divided into three
separate thermal regimes. The coolest reservoir temperatures
(110-150°F [43—-65°C]) are found in southern Arkansas and por-
tions of the Sabine Uplift area, which coincides with oil fields at
shallower depths. Intermediate to higher reservoir temperatures
(250-275°F [121-135°C]) are located at intermediate depths, for
example, in the East Texas Basin, where localized temperature
variation is likely due to the presence and influence of salt dia-

pers and salt-cores structures. Maximum temperatures (325-350°
F [163-177°C]) occur in deeper parts of the trend, such as the
Mississippi Salt Basin and its vicinity, which corresponds to low-
er porosities and permeabilities as heat-dependent secondary
mineralization of quartz occluded pore throats and reduced con-
nectivity.

Producing reservoirs are predominantly hydrostatically pres-
sured and range from 0.43-0.55 psi/ft (9.7-12.4 kpa/m) (Fig. 3).
A few rare exceptions occur near normal faults in the East Texas
Basin in which reservoir pressures slightly depart from the hy-
drostatic gradient and begin to approach the pressure transition
zone at 0.70 psi/ft (15.8 kpa/m). Bartberger et al. (2003) and Dy-
man and Condon (2006) mapped oil-water contacts and gas-
water contacts across the productive trend, supporting the HTP as
a conventional play.

Porosity and permeability trends vary widely geographically
and stratigraphically across the trend (Fig. 3). Higher average
field porosities and permeabilities (¢ = 18-30%; x = 500-2000
mD) are observed in shallow (1000-6000 ft [305-1830 m]) pro-
ducing oil fields in southern Arkansas and along the shallow
northern-eastern flank of the Mississippi Salt Basin. These loca-
tions are also associated with regional fault zones and cooler
geothermal gradients. Intermediate values (¢ = 11-15%; x = 80—
200 mD) are prevalent in mid-depth (6000-10,000 ft [1830-3050



Geologic Models Underpinning the 2024 U.S. Geological Survey Assessment of Undiscovered 97
Oil and Gas Resources in the Hosston and Travis Peak Formations of the Onshore Gulf Coast Region, U.S.A.

-95°

-90°

30°

1
1
1
1

B. Depth Structure Map (Base) S

¥—V¥ Orogenic Belt

- -
| I
N [ upiift

- b> I \liles
w E 01020 40 60 80

- -

Resolution = 500 ft

Depth (ft)
1000
I 4000

8000

TPS Boundary
Lower Cretaceous Shelf Margin

_: Basin
12000

l 16000

Figure 2B. Depth structure map (base) of the Hosston-Travis Peak formations over the main productive trend shows the deep-

ening of the unit southward and eastward.

m]) gas fields across the productive trend and are attributed pre-
dominantly to matrix porosity and cooler geothermal gradients,
which correspond to less quartz cementation. Lower reservoir
quality (¢ = 1-8 %; k < 25 mD) is found in deeper (10,000+ ft
[3050+ m]) warmer gas fields along central and southern portions
of the Mississippi Salt Basin, the eastern flank of the East Texas
Basin, and western margins of the Sabine Uplift.

The porosity compaction curve in Figure 3 represents the
maximum expected porosity during burial in the absence of pore-
filling cement. Porosity generally decreases with depth and in-
creasing temperatures; however, the Travis Peak exhibits a dis-
tinct porosity trend compared to the Hosston. This may be at-
tributed, in part, to Hosston paralic and shore zone lithofacies
containing comparatively higher mudstone volumes, resulting in
lower matrix porosity and increased susceptibility to mechanical
compaction. Additionally, deeper Hosston reservoirs, especially
in the Mississippi Salt Basin, exhibit higher reservoir tempera-
tures, which enhanced the catalyzation of secondary mineraliza-
tion and pore-occluding cementation. However, deeper porosity
preservation in Hosston and Travis Peak is due to chlorite coating
of matrix porosity (Dutton and Diggs, 1992; Lander and Lau-
bach, 2015; Denny et al., 2020).

Active Jurassic source rocks underlying the Gulf Coast re-
gion include the Smackover (Birdwell et al., 2024; Whidden et

al., 2023), Bossier (Paxton et al., 2017a), and Haynesville for-
mations (Paxton et al., 2017b). The Smackover contains amor-
phous-algal marine type IIS (oil-prone) kerogen and resides with-
in the oil- or gas-generation window throughout most of the Gulf
Coast productive trend (Fig. 4). The updip extent of the Smacko-
ver oil window roughly coincides with the northern extent of
HTP oil production. In conjunction with fluid inclusion work,
petrographic studies of microstructures suggest that large vol-
umes of fluid migrated through the HTP formations via fractures
that formed during burial and partly during uplift (Laubach,
1989; Lander and Laubach, 2015). Migration pathways from the
underlying Jurassic source system into HTP reservoirs occurred
primarily by buoyant migration through regional fault zones and
fracture networks associated with Early Cretaceous mobilization
of the Louann Salt and the ongoing downwarping of the Houston
and Mississippi embayments. This included movement (1) along
the Mexia-Talco Fault Zone across the northern and western
boundaries of HTP-producing fields, (2) emplacement of struc-
tural folds associated with the deformation of salt pillows and salt
domes, and (3) regional faulting that extends upward from the
Smackover, Bossier, and Haynesville formations into the HTP
formations. The geographic co-location of oil and gas fields and
the mixed production characteristics (Fig. 4) suggest supplemen-
tary migration from fill-and-spill mechanisms within HTP carrier
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Note that lobe-shaped thickness variations (red contours) are present near the terminus of the ancestral Mississippi River with-

in the Mississippi Salt Basin.

beds. These observations may also be attributed to the complex
geometry of vitrinite reflectance Ro contours and subsequent
intermixing of Smackover, Haynesville, and Bossier oils and
gases, which is evident by the scatter cloud of API gravity data

(Fig. 3).
METHODOLOGY

The USGS resource assessments use a geologic-based, peer-
reviewed methodology (Charpentier and Klett, 2005; Klett et al.,
2005; Schmoker, 2005; Schmoker and Klett, 2005) for the proba-
bilistic determination of undiscovered petroleum accumulations.
Assessments are predicated upon petroleum system science and
geologic-based criteria for conventional and continuous resources
to define each AU. An AU is defined as a mappable rock volume
with geologically homogenous characteristics that is either pre-
dominantly oil-prone or gas-prone and is distinguishable from
other AUs within a TPS (Schmoker and Klett, 2005). A TPS
encompasses all genetically related petroleum in seeps, shows,
and accumulations originating from a pod of active source rocks
(Magoon and Schmoker, 2000). TPS elements include source
rocks, reservoirs, traps, seals, overburden, and the geologic pro-
cesses of hydrocarbon generation, expulsion, migration, accumu

lation, and preservation. Petroleum system science involves the
characterization of each element, which includes but is not lim-
ited to: (1) source rock attributes of kerogen type, thermal ma-
turity, organic richness, and geographic and stratigraphic extent,
(2) reservoir geographic and stratigraphic extent, mineralogy,
porosity, permeability, in-situ temperature, and reservoir pres-
sure, (3) trap structural and stratigraphic type, timing of trap for-
mation, deposition of seals, and seal integrity over geologic time,
(4) overburden deposition, erosion, uplift, and emplacement of
fault zones and fracture networks, (5) hydrocarbon generation
based on kerogen type, hydrogen index, and transformation ratio,
(6) primary migration due to pressure transfer mechanisms,
(7) secondary migration arising from buoyancy and pressure
transfer through higher permeability conduits and carrier beds,
(8) accumulation with respect to trap and seal capacity, and
(9) subsurface processes that may influence petroleum preserva-
tion through geologic time.

The assessment methodology distinguishes conventional
from continuous resources using USGS—defined, geologic-based
criteria (Schmoker, 2005; Schmoker and Klett, 2005). Several
criteria are evaluated simultaneously to distinguish continuous
from conventional resources. Key features for conventional re-
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Gulf Coast region.

sources include discrete accumulations typically associated with
structural and stratigraphic traps and seals, and oil-water and gas-
water contacts may be present due to hydrocarbon buoyancy with
respect to pore waters (Schmoker and Klett, 2005). Strong indi-
cators for conventional resources may involve higher water satu-
rations, higher water production originating from the rock matrix
as opposed to fault-related water production, higher porosities,
and a range of permeability values, some of which may be lower
than 0.1 mD. Moderate indicators may include vertical or direc-
tional well completion practices and dry holes often associated
with in-fill drilling or expansion of known fields and existing
wells. Only fields above minimum size (0.5 million barrels for
oil; 3 billion cubic ft for gas fields) are considered in the calcula-
tions.

In contrast, continuous resources exhibit lower relative per-
meabilities (often below 0.1 mD), resulting in higher capillary
entry pressures that serve as the trapping mechanism. Thus, hy-
drocarbon accumulations are distributed continuously across the
play, irrespective of traps (Schmoker, 2005). Continuous re-
sources exhibit lower permeabilities and porosities, resulting in
higher capillary entry pressures that serve as the trapping mecha-
nism. Continuous resources often exhibit higher irreducible water
saturations, and wettability is often heterogeneous down to the
mineral grain scale. Oil-water and gas-water contacts are mark-

edly absent. Wells are commonly horizontal, and completions
may contain multiple hydraulic fracture stages. Dry holes may be
distributed somewhat randomly across the play instead of within
discrete accumulations due to factors involving, for example,
localized porosity and permeability heterogeneity. Reservoirs are
often overpressured, although this is not a requisite condition for
a continuous resource. Large volumes of produced waters, if
encountered, are typically associated with fault zones instead of
originating from the matrix porosity. Continuous plays are often
geographically extensive and typically reside within deeper por-
tions of the basin.

A resource assessment begins with characterizing the re-
gional tectonic setting, basin history, and framework geology,
followed by characterizing all petroleum system elements. Geo-
logic models are developed from the synthesis of these multidis-
ciplinary data types. Production characteristics for each AU are
used to calculate estimated ultimate recovery (EUR) for input
into a Monte Carlo simulation that provides a probability distri-
bution of undiscovered petroleum resource volumes remaining in
the subsurface. Fractiles for F95, F50, and F5 express uncertainty
about the undiscovered resource volume. The F95 fractile, for
example, represents a 95% chance of that volume of hydrocar-
bons remaining in the subsurface; other fractiles are expressed
similarly.
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(FACING PAGE) Figure 3. Rock and fluid properties as a function of depth show distinct trends between the Travis Peak (red
circles) and Hosston (blue circles), including (A) reservoir temperature, (B) porosity, (C) permeability, (D) reservoir pressure,
(E) gas-oil-ratio (GOR), and (F) API gravity. Individual data points represent field-wide averages.
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Figure 4. Hosston-Travis Peak oil production (green circles), natural gas production (red circles), and dry holes (black circles)
in relation to thermal maturity contours for the Smackover oil-window (R, [vitrinite reflectance] = 0.6; green contour) and the

Smackover gas-window (R, = 1.78; red contour).

GEOLOGIC MODELS

The study area for the HTP undiscovered resource assess-
ment is given by the solid blue line (Fig. 1A) representing the
Upper Jurassic-Cretaceous-Tertiary Composite TPS Boundary
(Warwick et al., 2007) to the north, the Mexico border to the
west, and the Gulf Coast shoreline approximating the State wa-
ters extent of the USGS purview. The geographic distribution of
lithofacies over the study area (Fig. 1B) (Ewing and Galloway,
2019) includes coastal plain, fluvial-deltaic, shore zone, shallow
marine, shelfal, and abyssal plain lithofacies.

Petroleum System Elements of Coastal Plain Facies

All petroleum system elements are present or possible within
the northern bounding coastal plain facies. The source is the ther-
mally mature, underlying Smackover Formation, which resides in

the oil- and wet-gas-generation windows throughout this area.
Updip and northward petroleum migration is predominantly
through fault zones and fracture networks associated with salt
movement and coastal plain subsidence. However, the proximity
of this AU to the highly-faulted Ouachita orogenic belt may have
enabled petroleum to bypass HTP reservoirs and ultimately accu-
mulate in reservoirs further updip and upsection. The coastal
plain lithofacies contains Early to Late Jurassic pre—Eagle Mills
fill and pre-Callovian salt basin-fill deposits of continental origin
that were reworked by the fluvial-deltaic and shore zone systems
(Ewing and Galloway, 2019; Galloway, 2008). Accordingly,
reservoir lithofacies in this region are a collection of lower-
quality, poorly sorted, subangular to subrounded, terrigenous
clastics.

USGS subcrop maps (Paxton and Kinney, 2022) derived
from formation tops (S&P Global Commodity Insights, 2024)
show evidence of fluvial incision and subsequent headward ero-
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sion of the HTP coastal plain lithofacies in northwestern portions
of the study area, especially in the vicinity of the ancestral Red
River drainage and northwestern East Texas Basin. Incision
down to Jurassic source rocks is evident in these locations, with
HTP and Cotton Valley formations. Sediments are likely trans-
ported downdip and ultimately deposited as sandy basin-floor fan
complexes (BFFs). Carbonate seals of the Aptian Sligo and Pettet
formations were deposited atop HTP coastal plain strata as sea
level continued to rise and flood the continent. However, car-
bonate seals in the northern parts of the study area may be rela-
tively thin due to shallower water depths and less accommoda-
tion space during deposition. As a consequence, carbonate seals
in these areas may have ruptured due to Early Cretaceous mobili-
zation of the Louann Salt.

Petroleum Systems Elements
of the Productive Fairway

The main productive fairway, spanning the East Texas Ba-
sin, Sabine Uplift, and North Louisiana Salt Basin, produces con-
ventional natural gas and some oil from hydrostatically pressured
reservoir sandstones of continental origin. Reservoirs over the
productive trend contain reworked shore zone lithofacies and
stacked fluvial-deltaic deposystems associated with the Rio
Grande, Red, Mississippi, and Grenville river systems, which
drained limited terrain south of the Appalachian-Ouachita oro-
genic system. Over the main productive fairway, hydrocarbons
migrated from thermally mature source rocks in the underlying
Jurassic Smackover, Bossier, and Haynesville formations
(Birdwell et al., 2024; Whidden et al., 2023). Updip migration
was facilitated by higher porosity and permeability fairways as-
sociated with salt-related features and regional fracture networks
resulting from the ongoing movement of the Louann Salt and
downwarping of the Gulf coastal plain. Supplemental migration
may have also occurred within HTP carrier beds through fill and
spill mechanisms (this study), as evidenced by intermixed oil and
gas production, especially in the East Texas Basin and the Sabine
Uplift, along with wide-ranging API gravity values. Travis Peak
and Hosston exhibit different trapping mechanisms across the
productive trend. Travis Peak producing fields are associated
with a combination of trap types, notably salt drape structures,
salt diapirs, and salt ridges, especially in the East Texas Basin
and western flank of the Sabine Uplift. Travis Peak also contains
deltaic and fluvial stratigraphic traps and anticlinal structural
closures toward the central portions of the Sabine Uplift area.
Trapping mechanisms for Hosston reservoirs are predominantly
anticline structural traps, with salt-related traps and normal fault
structural traps in the producing fields of southern Arkansas and
southern Mississippi. Regionally extensive and stratigraphically
thick carbonate seals of the Aptian Sligo and Pettet formations
were deposited atop the HTP as sea level rose and flooded the
low-lying portions of the coastal plain. Production drive mecha-
nisms are mainly pressure depletion due to reservoir compaction;
water drive is an intermediate drive mechanism, followed by
solution gas drive, gas cap expansion, and gravity drainage (S&P
Global, 2024).

Petroleum Systems Elements
of Slope and Abyssal Plain

A working petroleum system is predicted south of the Lower
Cretaceous shelf margin. We interpreted HTP time-equivalent
strata downdip of the Lower Cretaceous shelf margin and into the
deep basin based on several regional 2D reflection seismic lines
with well control; results were corroborated with Snedden and
Galloway (2019). Based on our interpretations, the HTP exhibits
laterally continuous reflectors on the shelf. Near the shelf margin,
the HTP thickens basinward, and the acoustic impedance contrast
decreases due to a lithologic transition to a muddier lithology

and/or less natural gas charge. On the basin floor, Lower Creta-
ceous time-equivalent HTP strata exhibit semi-continuous to
discontinuous reflectors. The downdip termination of these strata
in the abyssal plain coincides with large-scale intrabasinal tecton-
ic structural features that we interpreted as salt-based detachment
features and rotated fault blocks based on seismic geomorpholo-
gy identified by Karlo and Shoup (2000, their figure 16.6B).

Our geologic model predicts predominantly low-perme-
ability, organic-lean, fine-grained mudstone lithofacies, prodelta
siltstones, and claystones on the slope and abyssal plain deposi-
tional environments. Additionally, due to regionally extensive
Valanginian erosion of continental strata, massive terrigenous
siliciclastic strata may have been deposited beyond the Lower
Cretaceous shelf margin during the Early Cretaceous. Potential
occurrences of sandy BFFs downdip of the Mississippi, Red, and
Rio Grande River systems are predicted, with the greatest poten-
tial aligned with the Early Jurassic Mississippi Canyon axis. Fur-
thermore, age-equivalent BFFs have been identified offshore
Florida downdip of the Suwannee River (Galloway, 2019; Sned-
den and Galloway, 2019). Sandy BFFs and low-permeability age-
equivalent strata may harbor continuous resources because the
Smackover resides within the gas-generation window over the
geographic extent of this area (Birdwell et al., 2024; Whidden et
al., 2023).

Petroleum Systems Elements in Florida

Elements of a Lower Cretaceous working petroleum system
are present or possible in northern and western Florida. HTP-time
equivalent reservoir lithofacies include coastal plain strata, fluvi-
al-deltaic deposits from the Peninsular River, and siliciclastics
transitioning to shallow-water and platform carbonates in south-
ern Florida (Bovay, 2015; Snedden and Galloway, 2019). Ther-
mally mature source rocks are unknown or absent across most of
this area, which may be due to sparse exploration; only one dry
hole exists near the Grenville River depocenter in offshore Flori-
da (Bovay, 2015; Snedden and Galloway, 2019; S&P Global
Commodity Insights, 2024). In the South Florida Basin, active
source rocks include the Wood River, Bone Island, Pumpkin
Bay, Dollar Bay, and Sunniland formations, which are Lower
Cretaceous, fine-grained, organic-rich carbonates containing
high-sulfur, algal marine Type IIS (oil-prone) kerogen (Pollastro
et al., 2001). Two wells in the Sunniland trend (>15,000 ft
[>4570 m]) in the South Florida Basin have gas shows, and the
literature suggests potential gas in the Upper Jurassic to Lower
Cretaceous Wood River Formation (Roberts-Ashby et al., 2016;
Pollastro et al., 2001; McFarlan and Menes, 1991). Aside from
unknown or undiscovered source rocks, hypothetical long-
distance migration from the Smackover to the Grenville fluvial-
deltaic lithofacies in the Florida panhandle may be possible;
however, well control is absent. Stratigraphic, structural, and
combination traps will likely exist across the area. Aptian car-
bonates of the Sligo Formation and numerous anhydrite seals
exist as facies transition from terrestrial to carbonate moving
southward; for example, the Punta Gorda Anhydrite is a regional
seal in the South Florida Basin.

Events Charts and Burial History Models

Events charts were constructed for the Travis Peak For-
mation in the East Texas Basin (Fig. 5A) and the Hosston For-
mation in the Sabine Uplift area of Louisiana (Fig. 5B). For both
locations, source rocks were deposited during the Late Jurassic,
and oil generation began early in HTP depositional history when
higher porosity was mainly intact. The ongoing mobilization of
the Louann Salt created fractures that facilitated migration and
normal faulting that formed traps. Lower Cretaceous carbonate
seals of the Sligo and Pettet formations were deposited atop the
HTP as sea level rose. Petroleum accumulation continued unin-
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Figure 5. (A) Timing and events charts for petroleum system elements of the Travis Peak Formation in the East Texas Basin.
Beginning of oil generation (green circle); peak oil generation (green triangle); beginning of natural gas generation (red dashed
line); peak gas generation (red triangle). (B) Timing and events charts for petroleum system elements of the Hosston Formation
in the Sabine Uplift area. Beginning of oil generation (green circle); peak oil generation (green triangle); beginning of natural gas
generation (red dashed line); peak gas generation (red triangle). M. Jur. is Middle Jurassic; U. Jur. is Upper Jurassic; Plc. is
Paleocene; and Oli. is Oligocene.
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terrupted through the present day without incident to petroleum
preservation. This temporal sequence of events is appropriate for
a world-class petroleum system.

Three 1D burial history models were generated for the East
Texas Basin, eastern Sabine, and western Sabine (Figs. 6A—6C)
from available well data. The Ashland No. 1 well in the East
Texas Basin was modeled to investigate reservoir quality and
mineral precipitation over time. Oil generation (130-80 Ma) be-
gan when Travis Peak (yellow) was shallow in burial depth with
higher porosity intact. Gas generation occurred between 100—40
Ma and may be overmature today. According to the available
published research (Dutton and Diggs, 1992; Lander and Lau-
bach, 2015; Denny et al., 2020), quartz cementation precipitated
from meteoric water during early burial and from stylolites dur-
ing deeper burial. The initial quartz cementation phase was fol-
lowed by orthoclase dissolution and albitization of plagioclase.
Ankerite precipitation occurred after this, followed by additional
quartz cementation continuing to the present day with reservoir
temperatures around 260°F (127°C).

Burial history for Foster No. 1 well in the eastern Sabine
shows the Hosston (yellow) experienced rapid burial followed by
a period of uplift on the Sabine (100-95 Ma). The Jurassic source
system in this location generated oil between 120—60 Ma. At the
onset of oil generation, the Hosston was still at a shallower depth
with higher porosity mostly intact, which is favorable for oil
moving into the reservoir. At maximum burial (11,000 ft [3350
m]; 100 Ma), gas generation began and continues today. This
well currently produces gas and wet gas condensate.

The Carthage No. 9 well was modeled in the western Sabine
and indicates that the Travis Peak experienced rapid burial during
the Early Cretaceous. The Jurassic source system in this location
began oil generation around 115 Ma and continues today. At the
onset of oil generation, the Travis Peak was still at shallower
depths with higher porosity mostly intact. As the system was
buried deeper over time, gas generation began in lower portions
of the source system around 60 Ma and continues today. This
well produces oil and gas today.

ASSESSMENT UNIT BOUNDARIES

Hosston and Travis Peak AUs, in relation to physiographic
and geologic features within the Jurassic-Cretaceous-Tertiary
composite TPS of the onshore Gulf Coast region, are shown in
Figure 7. An AU boundary defines the geologic extent of the
petroleum system elements that compose the geologic model
describing a given AU (Schmoker, 2005; Schmoker and Klett,
2005). All petroleum system elements, which include source
rocks, migration pathways, reservoirs, traps, and seals, have been
characterized and evaluated for the Hosston and Travis Peak
formations, resulting in one continuous and seven conventional
AUs (Fig. 7).

The Hosston—Travis Peak Updip Oil AU is defined by the
character and geometry of the coastal plain lithofacies, which
contains poorly sorted, subangular to well-rounded, terrigenous
clastics of the Eagle Mills Formation and pre-Callovian salt basin
fill deposits that were extensively reworked by the four principle
fluvial systems of the Early Cretaceous (Snedden and Galloway,
2019). This lithofacies exhibits low-to-moderate porosity and
permeability, resulting in a lower-quality reservoir than neighbor-
ing AUs. This AU contains zero producing fields or wells of min-
imum size, and only a handful of dry holes are located within this
area. The northern boundary of this AU is defined by the TPS
boundary or the regional extent of the coastal plain lithofacies.
The regional extent of known source rocks marks the eastern AU
boundary, and the U.S.-Mexico border represents the western
boundary of this AU.

The Travis Peak Delta Oil and Gas AU is located in the vi-
cinity of the East Texas Basin and encompasses the sand-rich,
fluvial-deltaic lithofacies of the paleo Travis Peak Delta at the

downdip terminus of the ancestral Red River. AU boundaries are
based on the lithofacies change from fluvial-deltaic to coastal
plain facies to the north and from fluvial-deltaic to shore zone
lithofacies to the east. The southern boundary is defined by the
geographic extent of salt-weld terrain, which facilitated second-
ary oil migration from underlying Jurassic source rocks. Second-
ary migration was facilitated by the emplacement of higher po-
rosity-permeability fairways created by the mobilization of the
Jurassic Louann Salt concurrent with HTP deposition. Salt-
related structural traps (namely salt diapir, salt drape, and salt
flank) are the predominant trapping mechanism within this AU,
followed by fluvial-deltaic stratigraphic traps, anticline structural
closures, and isolated incidences of carbonate reef margin traps.
Geographically extensive platform carbonates of the Sligo and
Pettet formations generally form the regional seal.

The Hosston Shore Zone Oil and Gas AU is a relatively
shallow, oil-producing area in southern Arkansas and northern
Louisiana that encompasses the siliciclastic-rich, shore zone
lithofacies located east of the Travis Peak Delta and west of the
Hosston Delta. The northern boundary coincides with the geo-
graphic extent of the shore zone lithofacies before changing to
the coastal plain facies. The southern boundary is defined by the
southern extent of salt-weld terrain, which provided high-
permeability pathways for the migration of underlying Jurassic-
sourced oils. Secondary migration is through higher porosity-
permeability fairways created by the mobilization of Louann
Salt, especially associated with salt welds. Normal fault closures
and salt-related traps are the main trapping mechanisms within
this AU; isolated carbonate reef margin traps are found in the
eastern portion of the AU. Reservoir temperatures are cooler due
to the shallower reservoir depths, resulting in higher porosities.
Massive platform carbonates of the Pettet Formation form the
regional seal for this AU.

The Hosston Delta Oil and Gas AU encompasses the north-
ern portions of the Mississippi Salt Basin, southern Alabama, a
portion of the Florida Panhandle, and State waters. This AU in-
cludes fluvial-deltaic lithofacies of the Hosston Delta from the
ancestral Mississippi River, plus the progradational shore zone
facies further south and eastward to the State waters. The eastern
boundary is defined by the geographic extent of known source
rocks, which includes the underlying Smackover residing within
the oil-generation window. The western boundary coincides with
the transition to shore zone lithofacies and the northern boundary
is defined by the change to coastal plain lithofacies. The geo-
graphic extent of salt weld terrain defines the southern boundary.
Updip migration from oil-generating source rocks is through
higher porosity-permeability pathways created by salt movement,
especially through fault and fracture networks associated with
salt welds. Trap architecture mainly involves anticline structural
closures along with salt-drape and salt-diapir traps that occur
throughout the AU, with limited instances of normal faulting
traps in the northeastern area of the Mississippi Salt Basin. In
general, stratigraphically thick Pettet carbonates form the region-
al seal.

The Hosston—Travis Peak Middip Gas and Oil AU is geo-
graphically extensive across the productive trend and encom-
passes northern portions of the Rio Grande Embayment, San
Marcos Arch, northern Houston Embayment, Sabine Uplift area,
North Louisiana Salt Basin, Monroe Uplift, southern portions of
Mississippi Salt Basin, and territory basinward toward the Lower
Cretaceous shelf margin. The extent of salt weld terrain defines
the northern boundary. The Lower Cretaceous shelf margin and
State waters delineate the southern boundary. The fluvial-deltaic
lithofacies transition associated with the Rio Grande River sys-
tem defines the western boundary. Reservoir lithofacies vary
greatly across the geographic extent of this AU and include fluvi-
al-deltaic sandstones, shore zone sandstones, pro-delta lithofa-
cies, and organic-lean shelfal deposits. The Jurassic source sys-
tem includes underlying thermally mature source rocks of the
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Smackover, Haynesville, and Bossier formations. Buoyant mi-
gration is through a variety of higher permeability conduits, in-
cluding salt-related fracture networks and along regional fault
zones. As a supplemental mechanism, spill and fill migration
through HTP carrier beds may have occurred; the evidence is
based on our observations of production data (co-location of oil
and gas fields and intermixing of oil and gas production; see Fig-
ure 4), the complex oil-generation windows of the underlying
Jurassic source system, and the API gravity data indicating mi-
grated oils from multiple source rocks. Structural and stratigraph-
ic traps occur across this AU, including anticline closure, normal
fault-related, salt-drape, salt-diapir, and fluvial-deltaic structural
traps. Regionally extensive carbonates of the Sligo and Pettet
formations form the regional seal.

The Western Travis Peak Gas and Oil AU is located in the
vicinity of the Rio Grande Embayment. Lithofacies include fluvi-
al-deltaic, shore-zone, and shelf deposits. The northern AU
boundary represents the lithofacies change from the Rio Grande
fluvial-deltaic system to coastal plain lithofacies. The western
boundary is the U.S.-Mexico border, which notably contains the
ancestral Rio Grande depocenter. The eastern boundary is the
downdip continuation of the lithofacies change from fluvial-
deltaic and shore zone facies in the north and shelf to open-
marine deposits further downdip. The Lower Cretaceous shelf
margin forms the southern boundary. Source rocks are in the oil-
and gas-window across this area. HTP strata were interpreted on
regional seismic 2D lines in this area. However, well data are
sparse to non-existent here. HTP reservoirs may have experi-
enced localized erosion areas during the Valanginian sea-level
minima and possibly again when the WIS connected to the Gulf
of America watermass later in the Cretaceous. Buoyant migration
of Smackover oils is through fault zones and fracture networks.
Spill and fill migration may have also occurred through porous
HTP carrier beds. A high probability for structural and strati-
graphic traps, with less potential for salt-related traps, exists
within this AU. A few dry holes have been drilled into the coastal
plain lithofacies in the northern portion of the AU. However,
proximity to the highly faulted orogenic belt may have enabled
hydrocarbons to bypass through the HTP and ultimately accumu-
late in stratigraphically younger reservoirs further updip. Further-
more, in the northern portions of this AU, we posit that sealing
Pettet carbonates may be thinner and more easily fractured due to
shallower water depths and less accommodation space during
deposition. Zero HTP wells have been drilled further south in this
AU or near the depocenter, where the potential exists for a work-
ing petroleum system.

Eastern Hosston Gas and Oil AU includes southern Ala-
bama, southwestern Georgia, the Florida panhandle to the Ocala
Arch, the western Florida peninsula down to the South Florida
Basin, and the associated State waters. The western AU boundary
is defined by the geographic extent of known source rocks; the
Smackover resides within the oil window in a small portion of
the Florida panhandle. The northern boundary coincides with the
TPS boundary. The Ocala Arch and Florida Peninsular Arch
mark the eastern boundary. State waters and the South Florida
Basin rim represent the southern boundary. Underlying thermally
mature source rocks may be absent across the vast majority of
this AU. One dry hole near the Grenville depocenter in Federal
waters has been studied in conjunction with seismic data by
Snedden and Galloway (2019). The potential exists for long-
distance migration from the Smackover or active source rocks in
the South Florida Basin, which was assessed by the USGS in
2016 and 2001 (Roberts-Ashby et al., 2016; Pollastro et al.,
2001). Reservoir lithofacies may include coastal plain strata,
fluvial-deltaic facies from the Peninsular River, and facies transi-
tioning to shallow-water carbonates in southern Florida (Bovay,
2015; Snedden and Galloway, 2019). Sealing formations may
include the carbonates of the Sligo and Pettet as well as numer-
ous massive anhydrite seals as the depositional environment tran-

sitions from terrestrial to carbonate moving southward (for exam-
ple, the Punta Gorda Anhydrite regional seal in South Florida
Basin). Across this geographically extensive AU, numerous strat-
igraphic and structural traps are likely to exist.

The Hosston-Travis Peak Shelf Continuous Gas AU is
bound by the Lower Cretaceous shelf margin to the north, State
waters to the east, the international border in the west, and the
230°C isotherm representing the technically recoverable limit for
continuous resources. All elements of a working petroleum sys-
tem are present in this AU. The Smackover is within the gas-
generation window throughout this AU. Based on my interpreta-
tions of the regional 2D seismic lines and corroborated by other
published research (Snedden and Galloway, 2019), HTP-time
equivalent strata exist on the slope and into the deep basin. Our
geologic model predicts finer-grained, organic-lean mudstones
and siltstones of continental origin in this AU. The potential ex-
ists for sand-rich basin floor fans that were sequestered down
submarine canyons aligned with paleo-fluvial axes of the Rio
Grande, Red, Mississippi, and Grenville Rivers. High-
permeability fairways for migration of Smackover gas may in-
clude intrabasinal tectonic features identified on USGS Gulf
Span 2D seismic lines, such as salt-detachment features and ro-
tated fault blocks. The low-permeability matrix serves as the
trapping and sealing mechanism for these continuous plays.

CONCLUSIONS AND ASSESSMENT RESULTS

Using a geologic-based methodology, the USGS quantita-
tively assessed undiscovered, technically recoverable resources
within seven conventional and one continuous assessment units
within the Lower Cretaceous Hosston—Travis Peak formations of
the U.S. Gulf Coast region. The fully risked, estimated mean
totals for conventional and continuous oil and gas resources are
28 million barrels of oil , with an F95-F5 range from13 to 59
million barrels of oil; 35.8 trillion cubic ft of gas, with an F95-F5
range from 8.8 to 74.85 trillion cubic ft of gas; and 156 million
barrels of natural gas liquids, with an F95—F5 range from 40 to
336 million barrels of natural gas liquids. Further explanation of
key input data and assessment results for each AU is provided in
the USGS Fact Sheet 2025-3021 (Burke et al., 2025a) and asso-
ciated USGS Data Release (Burke et al., 2025b). Data for this
paper are located in the associated USGS Data Release (Burke,
2025).
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