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National and Global Petroleum Assessment

Assessment of Conventional and Continuous Oil and Gas Resources in the
Mowry Composite Total Petroleum System in the Southwestern Wyoming
Province, Wyoming, Colorado, and Utah, 2024

Using a geology-based assessment methodology, the U.S. Geological Survey estimated undiscovered, technically recoverable mean conventional
and continuous resources of 473 million barrels of oil and 27 trillion cubic feet of gas in the Mowry Composite Total Petroleum System in the

Southwestern Wyoming Province, Wyoming, Colorado, and Utah.

Introduction

The U.S. Geological Survey (USGS) assessed undiscovered,
technically recoverable conventional and continuous (unconventional)
oil and gas resources in the Early to Late Cretaceous (Albian to
Coniacian) Mowry Composite Total Petroleum System (TPS) in the
Southwestern Wyoming Province in Wyoming, Colorado, and Utah
(figs. 1, 2). The Mowry Composite TPS covers the entire Southwestern
Wyoming Province, which includes most of southwestern Wyoming and
small areas in northwestern Colorado and northeastern Utah.

The Mowry Composite TPS was previously assessed by the
USGS in 2005 (Kirschbaum and Roberts, 2005), and at that time, one
conventional and one continuous assessment unit (AU) were defined
and overlapped one another. Three conventional and four continuous
AUs were defined for this assessment of potential hydrocarbon
resources in the Mowry Composite TPS (figs. 1, 2): a Mowry
Eastern Conventional Oil and Gas AU, a Mowry Rock Springs Uplift
Conventional Gas AU, a Mowry Moxa Arch Conventional Oil and
Gas AU, a Mowry Moxa Arch Continuous Gas AU, a Mowry Deep
Continuous Gas AU, a Mowry Shale Oil AU, and a Mowry Shale Gas
AU. Multiple criteria were used to define these AUs, including spatial
and lithologic variability and thickness, depositional environment,
natural fracture presence, and source rock thermal maturity.

Geologic Summary

From oldest to youngest, the Mowry Composite TPS consists of
the Lower Cretaceous Cloverly Formation and Dakota Sandstone, the
Lower Cretaceous Thermopolis Shale and Muddy Sandstone Member,
the Lower Cretaceous Shell Creek Shale, the Upper Cretaceous Mowry
Shale, and the Upper Cretaceous Frontier Formation (fig. 3).

The Mowry Shale is a marine, organic-rich, siliceous shale that
was deposited during the early stages of the second-order Greenhorn
transgressive cycle (Kauffman and Caldwell, 1993). Regional studies
indicate that the Mowry Shale has total organic carbon (TOC) content
of'as much as 5 weight percent (Burtner and Warner, 1984; French and
others, 2022). However, Mowry Shale facies change westward toward
the clastic source area from anoxic, laminated mudstones into oxic,
bioturbated mudstones and sandstones (Burtner and Warner, 1984).
The Mowry Shale is the primary source of oil and gas for the Mowry
Composite TPS, but contributions from the Permian Phosphoria
Formation are possible.

Primary reservoirs within the Mowry Composite TPS comprise
fluvial, estuarine, and nearshore marine sandstones of the Dakota
Sandstone and Muddy Sandstone Member and equivalent strata, as well
as the Frontier Formation (fig. 3). Sandstone reservoirs are prevalent
throughout the entire TPS, and most gas production is focused along the
axes of the Moxa Arch and Rock Springs Uplift (fig. 1).
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Figure 1. Map showing three conventional and two continuous
assessment units (AUs) in the Mowry Composite Total Petroleum
System of the Southwestern Wyoming Province.

Total Petroleum System and Assessment Units

The USGS defined three conventional and four continuous AUs
within the Mowry Composite TPS (tables 1, 2). The updip boundaries
of the Mowry Eastern Conventional Oil and Gas AU and Mowry
Rock Springs Uplift Conventional Gas AU are defined by bounding
uplifts (fig. 1). The downdip boundaries of these two AUs are defined
by a depth cutoff on the top of the Mowry Shale at 13,000 feet (ft)
measured depth (MD). In general, mud weight, drill stem test,
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accumulation and have no distinct gas-water contacts (Miller and others,
1992). Reservoirs are typically overpressured, have porosity values
- ——‘ - less than 10 percent, and have permeabilities less than 0.1 mD. Field
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the crest of the Moxa Arch (DelJarnett and others, 2001). Regionally,
the area below the 13,000-ft-MD cutoff on the top of the Mowry Shale
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and above 19,000 ft MD defines the Mowry Deep Continuous Gas AU.
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Figure 2. Map showing two continuous assessment units (AUs) in
the Mowry Composite Total Petroleum System of the Southwestern :
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porosity and permeability, and production data from reservoirs below
this depth cutoff indicate that the rocks are overpressured (greater
than 0.5 pounds per square inch per foot [psi/ft]) and contain very
tight sandstone reservoirs (IHS Markit, 2022). Overall, sandstones
within these two conventional AUs have normal reservoir pressures,
average porosities greater than 10 percent, average permeabilities
greater than 0.1 millidarcies (mD), and distinct oil-water or gas-water
contacts. Trap styles in these two conventional AUs are dominated by
structural features such as anticlines and faults, and some fields also g
contain smaller, stratigraphic traps (Nehring Associates, Inc., 2018).
Additionally, faults and natural fractures, which are abundant in both
AU, are critical for well performance (DeJarnett and others, 2001).
The southern boundary of the Mowry Moxa Arch Conventional
Oil and Gas AU is also defined by uplift (fig. 1). The western and
eastern boundaries are defined by the 3,000-ft thickness contour of
the Hilliard Shale, which directly overlies the Frontier Formation on
the Moxa Arch. The northern boundary is defined by the northernmost
oil-gas-water contact along the Moxa Arch (Curry, 1992). Wells
within the Mowry Moxa Arch Conventional Oil and Gas AU have
some of the lowest gas-oil ratios yet are some of the deepest wells in
the Southwestern Wyoming Province (IHS Markit, 2022). Law and
Clayton (1987) attribute the lower temperature gradients and presence
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of oil instead of gas to the meteoric recharge of cold water along f Dakota Sandstone/

faults adjacent to the Uinta Mountains Uplift. Similar to the other L Clovery Formation

conventional AUs, sandstone reservoirs within the Mowry Moxa Arch

Conventional Oil and Gas AU fields have normal reservoir pressures, Figure 3. Type log image of the Federal-Culver 1 well (524, T28N,
average porosities greater than 10 percent, average permeabilities R92W), which highlights the stratigraphy of the Mowry Composite

greater than 0.1 mD, and distinct oil-water or gas-water contacts. Total Petroleum System.



Table 1. Key input data for three conventional and four continuous oil and gas assessment units in the Mowry Composite Total Petroleum
System of the Southwestern Wyoming Province.

[Gray shading indicates not applicable. The average estimated ultimate recovery (EUR) input is the minimum, mode, maximum, and calculated mean. AU, assessment
unit; MMBO, million barrels of oil; BCFG, billion cubic feet of gas; %, percent]

Number of oil fields 1 5 20 5.5

Number of gas fields 1 5 20 5.5 1 4 12 43
Size of oil fields (MMBO) 0.5 0.8 150 2.5
Size of gas fields (BCFG) 3 5 40 6.1 3 6 160 9.6
AU probability 1.0 1.0

Acse o hut data 0 oxa A onventional Oil and Gas A

0 e onal A edila a a ated

Number of oil fields 1 2 4 2.1
Number of gas fields 1 2 4 2.1
Size of oil fields (MMBO) 0.5 0.8 200 2.8
Size of gas fields (BCFG) 3 6 30 6.8
AU probability 1.0

ASSe : put data 0 pXa A 0 0 as A 0 Deen Co 0 as A

0 0 A ode 3 3 ated ea ode 3 3 ated

Potential production area (acres) 1,000 670,000 1,285,000 652,000 1,000 3,301,000 | 6,495,000 3,265,667
Average drainage area (acres) 140 160 180 160 100 120 140 120.0
Success ratio (%) 70 80 90 80 30 50 70 50.0
Untested area (%) 65 70 75 70 100 100 100 100.0
Average EUR (MMBO, oil; BCFG, gas) 1.5 2.0 2.5 2.017 0.5 1.0 1.5 1.017
AU probability 1.0 1.0

i o N 0 data 0 ale U i 0 ale a i

0 ous A ode - - er e ode : ; ated

Potential production area (acres) 1,000 1,237,750 1,964,200 1,067,650 1,000 1,093,457 | 4,010,710 1,701,722
Average drainage area (acres) 100 120 140 120 100 120 140 120.0
Success ratio (%) 10 50 90 50 10 50 90 50.0
Untested area (%) 100 100 100 100 100 100 100 1,000.0
Average EUR (MMBO, oil; BCFG, gas) 0.05 0.1 0.15 0.102 0.8 1.2 1.8 1.225
AU probability 1.0 1.0

Table 2. Results for three conventional and four continuous oil and gas assessment units in the Mowry Composite Total Petroleum System of
the Southwestern Wyoming Province.

[Gray shading indicates not applicable. Results shown are fully risked estimates. F95 represents a 95-percent chance of at least the amount tabulated; other fractiles are
defined similarly. MMBO, million barrels of oil; BCFG, billion cubic feet of gas; NGL, natural gas liquids; MMBNGL, million barrels of natural gas liquids]

e | : AU Accum- Total undiscovered resources
otal petroleum system an prob- ulation 0il (MMBO) Gas (BCFG) NGL (MMBNGL)
assessment units (AUs) s
ability type F95 F50 F5 Mean F95  F50 F5 Mean F35 F50 F5 Mean
Mowry Composite Total Petroleum System
. . Oil 2 8| 44| 14 0 2 9 3 0 0 0

Mowry Eastern Conventional Oil and Gas AU 1.0

Gas 14 30 66 34 0 0 0
. . . Oil

Mowry Rock Springs Uplift Conventional Gas AU 1.0
Gas 14 34 94 41 0 0 0 0
. . Oil 1 2| 21 6 4 8 71 20 0 0 4 1

Mowry Moxa Arch Conventional Oil and Gas AU 1.0
Gas 9 13 24 14 1 1 1 1
Total undiscovered conventional oil and gas resources 3 10 65 20 41 87 264 112 1 1 5 2
Mowry Moxa Arch Continuous Gas AU 1.0 Gas 1,461 4,588 | 7,766 | 4,596 6 | 18 31 18
Mowry Deep Continuous Gas AU 1.0 Gas 4,019 |13,334 | 25,184 13,825 16 | 53 101 55
Mowry Shale Oil AU 1.0 Oil 114 | 422 | 897 | 453 23 84 183 91 1 9 5

Mowry Shale Gas AU 1.0 Gas 1,870 | 7,538 | 19,402 | 8,081 1 3 8

Total undiscovered continuous oil and gas resources 114 | 422 | 897 | 453 | 7,373 |25,544 | 52,535 (27,193 | 24 | 78 | 149 | 82
Total undiscovered oil and gas resources 117 | 432 | 962 | 473 | 7,414 | 25,631 | 52,799 (27,305 25 | 79 154 84




AU boundary was defined as the area greater than the modeled
1.3-percent vitrinite reflectance (R ) thermal maturity contour for
gas. The western edge of the AU is delineated by an east-to-west
facies change from laminated, anoxic mudstone to oxic, bioturbated
mudstone and sandstone (Burtner and Warner, 1984). West of

the anoxic mudstone facies, the Mowry Shale was deposited in
shallower waters closer to the clastic source area, which reduced the
preservation and petroleum potential of the source rocks (Burtner
and Warner, 1984). Geochemical data from the Mowry Shale in the
adjacent Wind River Basin also highlight a marked decrease in the
hydrogen index and TOC content of the Mowry Shale from east to
west (Finn and others, 2023).

The Mowry Shale Gas AU is defined by the area greater than the
1.3-percent R | thermal maturity contour for gas and by the western
facies boundary. Similar to the Mowry Deep Continuous Gas AU, areas
where the Mowry Shale is expected to occur below 19,000 ft MD were
removed from the Mowry Shale Gas AU because these areas are too
deep to drill laterally with current technology (fig. 2).

Assessment input data are summarized in table 1 and Hearon
(2025). No production data exist from horizontal Mowry Shale wells
within the Southwestern Wyoming Province. As a result, production
data from the Mowry Shale in other Wyoming basins, specifically the
Powder River, Wind River, and Bighorn Basins, were used as analogs
for the assessment of continuous oil and gas resources in this province.

Undiscovered Resources Summary

The USGS quantitatively assessed oil and gas resources in three
conventional and four continuous AUs in the Mowry Composite TPS
in the Southwestern Wyoming Province (table 2). The fully risked,
estimated mean totals are 473 million barrels of oil (MMBO) with an
F95-F5 fractile range from 117 to 962 MMBO; 27,305 billion cubic
feet of gas (BCFG) with an F95-F5 range from 7,414 to 52,799 BCFG;
and 84 million barrels of natural gas liquids (MMBNGL) with an
F95-F5 range from 25 to 154 MMBNGL.
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