
Shale gas potential of the Mowry Shale

in Wyoming Laramide basins

> Wyoming State Geological Survey

9 Challenges in Geologic Resource Development No. 9

3 RonaldC. Surdam, Zunsheng Jiao, Rodney H. De Bruin, and Ramsey D. Bentley

This content downloaded from
�������������159.238.96.72 on Mon, 17 Aug 2026 20:08:18 UTC�������������

All use subject to https://about.jstor.org/terms



š,

$à Wyoming State Geological Survey

$5 Ronald C. Surdam, State Geologist

First printing of 500 copies by Citizen Printing, Fort Collins, Colorado, September 2010.

Shale gas potential of the Mowry Shale in Wyoming Laramide Basins, by Ronald C. Surdam, Zunsheng Jiao, Rodney

H. DeBruin, and Ramsey D. Bentley.

Wyoming State Geological Survey Challenges in Geologic Resource Development No. 9, 2010.

ISBN 1-884589-55-3

Notice to users of Wyoming State Geological Survey information: Most information produced by the Wyoming State

Geological Survey (WSGS) is public domain, is not copyrighted, and may be used without restriction. We ask that

users credit the WSGS as a courtesy when using this information in whole or in part. This applies to published and

unpublished materials in printed or electronic form. Contact the WSGS if you have any questions about citing materi-

als or preparing acknowledgements. Your cooperation is appreciated.

Any use of trade, product, or firm names in this publication is for descriptive purposes only and does not imply en-

dorsement or approval by the State of Wyoming or the Wyoming State Geological Survey. Individuals with disabilities

who require an alternative form of this publication should contact the editors at (307)766-2286. TTY relay operator

1-800-877-9975.

Cover photos: Outcrop of Mowry Shale near Casper, Wyoming, under a summer thunderstorm. Photos by Meg Ewald.

This content downloaded from
�������������159.238.96.72 on Mon, 17 Aug 2026 20:08:18 UTC�������������

All use subject to https://about.jstor.org/terms



Shale gas potential of the Mowry Shale

in Wyoming Laramide basins

Wyoming State Geological Survey

s) Challenges in Geologic Resource Development No. 9

Ronald C. Surdam, Zunsheng Jiao, Rodney H. De Bruin, and Ramsey D. Bentley

This content downloaded from
�������������159.238.96.72 on Mon, 17 Aug 2026 20:08:18 UTC�������������

All use subject to https://about.jstor.org/terms



This content downloaded from
�������������159.238.96.72 on Mon, 17 Aug 2026 20:08:18 UTC�������������

All use subject to https://about.jstor.org/terms



This content downloaded from
�������������159.238.96.72 on Mon, 17 Aug 2026 20:08:18 UTC�������������

All use subject to https://about.jstor.org/terms



This content downloaded from
�������������159.238.96.72 on Mon, 17 Aug 2026 20:08:18 UTC�������������

All use subject to https://about.jstor.org/terms



Abstract

r [> CreTAcEoUs Mowry SHALE IN WYoMING is an outstanding source rock and a

potential shale-gas target. Total organic carbon (TOC) content of the Mowry Shale

ranges from 0.7 percent to 5.1 percent. In Wyoming, the thickness of the Mowry

Shale decreases from approximately 600 feet in the northwest part of the state to approxi-

mately 250 feet in the southeast part, whereas the TOC content of the Mowry increases from

northwest to southeast. T „ for Mowry samples ranges from 411° C to 455° C. Vitrinite re-

flectance values range up to 1.7 at present-day depths greater than 10,000 feet. Displacement

pressures range from 300 pounds per square inch (psi) at 500 feet present-day burial depth

to more than 2,000 psi at 13,000 feet. The 13C nuclear resonance spectra indicate that the

aliphatic carbon peak of the Mowry Shale is greatly diminished at 13,000 feet. Therefore, the

kerogen remaining in the formation at this depth has very little capacity to generate liquid or

gaseous hydrocarbons. Thermal maturation modeling suggests that for each gram of TOC in

the Mowry Shale, about 80 milligrams (mg) of gas was generated, 18 mg of gas was expelled,

and 62 mg of gas remains stored in the shale. Sonic and seismic interval velocities show

a pronounced slowdown where significant quantities of natural gas remain in the Mowry

Shale. The attributes of the Mowry Shale described above suggest that it has significant po-

tential as a shale-gas prospect. With new drilling and completion techniques, the recovery of

natural gas remaining in the Mowry could be substantial.
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Figure 1. Mowry Shale outcrop along State Highway 220, south of Casper, Wyoming. The organic-rich siliceous

shale is the dominant lithofacies in the Mowry shale. Other minor lithofacies in the Mowry Shale are nonsiliceous

silty shale, a thin sandstone layer, and cristobalitic shale.

Figure 2. Typical well log of the GR Sonic Seismic Resistivity

Mowry Shale characterized by high

gamma ray counts, lower interval

velocities, and higher resistivities.
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Figure 3. The Mowry Sea during the transition from lower to upper Cretaceous is shown in green on the map.

During this time, the Western Interior Foreland Basin in the Rocky Mountain region was flooded and drained by

successive marine transgressions and regressions. Modifiedfrom Davis et al., 1989.
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Figure 5. Map showing the outcrop distribution ofthe Mowry Shale in Wyoming. The Mowry
Shale crops out at the margins of all Wyoming Laramide basins.

Clay diagenesis

The diagenesis of mixed-layer illite/smectite (I/S) clays during progressive burial is widely

recognized as an important empirical diagenetic geothermometer (Burst, 1969; Hower et

al., 1976; Boles and Franks, 1979; Hower, 1981; Pytte and Reynolds, 1989). The diagenetic

trend in I/S clay is known to be temperature-dependent and may be related to regional

hydrocarbon generation (Bruce, 1984; Hagen and Surdam, 1984). Several authors (Hower,

1981; Pytte and Reynolds, 1989) indicate that the main compositional and structural chang-

es in the I/S burial diagenetic sequence (i.e., increasing thermal exposure) are as follows:

1) An increase in illite layers;

2) An increase in interlayer potassium;

3) An increase in the amount of aluminum substituted for silicon in the tetrahedral layer;

and

4) The release of Mg”, Fe”, Ca”, Sit, Na”, and water. Water released during the

smectite — illite reaction can constitute < 35 percent of the volume of the original

smectite crystallite (Petty and Hower, 1972).
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Figure 6. Plot of total organic carbon (TOC) versus depth for Mowry Shale samples from the Powder River Basin,

Wyoming. Percentage of TOC generally deceases below the regional velocity inversion surface because of the

thermal maturity. Modifiedfrom Jiao, 1992.
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In the WLB, these compositional and structural changes significantly influenced the poros-

ity and permeability of the Cretaceous shales in general, and the development of basin-wide

pressure (i.e., fluid flow) compartments (Surdam et al., 2005). The cations released during

the smectite > illite transition also affect the porosity and permeability of adjacent sand-

stones due to the precipitation of quartz, chlorite, kaolinite, and late carbonate cement,

further reducing pore space.

As shown by a set of Mowry Shale samples from four WLB (Figure 7), the major diagenetic

events that occurred in the WLB were the transformation of smectite to illite, the transfor-

mation of kaolinite to chlorite, and the ordering of the mixed-layer I/S clays. Figure 8 shows

the x-ray diffraction patterns of the clay-size fraction from the Mowry Shale between 3,600

Figure 7. Plot of percent illite in the

mixed-layer illite/smectite clays vs.

present-day depth for the Cretaceous

shales in the Wyoming Laramide basins.

Modifiedfrom Jiao and Surdam, 1997.
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Figure 8. X-ray diffractograms of ethylene-glycolate treated samples (<0.5 pm fraction) of the Mowry Shale in

the Powder River Basin, Wyoming. With increasing burial depth, smectite alters to illite in the mixed-layer illite/

smectite clays as indicated by the 5.2° 20peak shifting to 6.6° 20. The structure of the mixed-layer illite/smectite

clays changes from random to ordered at approximately 10,000 feet, as indicated by the advent of the 6.6° 20

peak. The content of chlorite also increases with progressive burial From Jiao, 1992.
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Figure 9. Plot of vitrinite reflectance (R) vs.

present-day depth for the Cretaceous shales in

the Wyoming Laramide basins. Modifiedfrom

Jiao and Surdam, 1997.
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aliphatic carbons with naphthenic structures. The broad band between 100 and 200 ppm is

associated with aromatic and carbonyl carbon structures. Thus, NMR spectra can be used to

study the abundance of 13C nuclei in the various structural and functional groups in kerogen,

and changes in kerogen structure associated with thermal maturation (Surdam and Crossey,

1985).

With progressive burial or thermal maturation, a decrease occurs in the peak area of the ali-

phatic functional group and an increase occurs in the peak area and sharpness of the aromatic

functional group. This trend reflects changes in kerogen structure caused by thermal matura-

tion (Figure 11). By 9,000 feet present-day depth, the aliphatic carbon peak is almost gone,

and kerogen has virtually exhausted its capacity to generate liquid hydrocarbons and has little

capacity to further generate gaseous hydrocarbons (Figure 11). This geochemical evidence
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Figure 10. Plot of production index (PI) vs. 0

present-day depth for the Cretaceous shales in the bA
Wyoming Laramide basins. Modifiedfrom Jiao F A i 1
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indicates that the Mowry Shale in the WLB was at one time exposed to higher temperatures,

which is consistent with both the R, and PI data.

The organic geochemistry values of the Mowry Shale are characterized by relatively low gra-

dients to depths of 8,000 + 1,000 feet present-day depth; below this depth, there is a rapid

steepening of the pressure/depth gradient in the Cretaceous sandstones in the WLB (Fig-

ure 12a and Figure 12b; Surdam et al., 1995; Surdam et al., 1997). Thus, the geochemical

changes and the onset of the anomalous pressure appear to be intrinsically linked.

Other maturation indicators such as T „„ show similar depth trends. T „ values for the Mow-

ry Shale samples increase from 410°C to 455°C with increasing depth (Figure 13). Again,

like most of the maturation parameters for the Mowry Shale, the parameter/depth gradient

shows a noteworthy steepening at the 8,000- to 9,000-foot present-day depth (i.e., at the

regional fluid-flow boundary; normal hydrostatic pressures above and anomalous pressures,

usually overpressure, below).
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Figure 11. ©C nuclear magnetic resonance (NMR) spetra of the Mowry Shale samples collected from depths of

3,000 feet to 18,000 feet in the Wyoming Laramide basins. Note that the aliphatic carbon peak (the right-hand

major peak) diminishes or disappears at approximately 10,000 feet. Modifiedfrom Jiao and Surdam, 1997.
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Figure 12a. Pressure profiles for the major Cretaceous gas reservoirs in the Washakie Basin. Note that at the depth

at which compartmentalization is complete, the evolution of the pressure regime is significantly altered. Below the

top of overpressure, the change of reservoir pressure parallels the lithostatic gradient, but is offset to lower pres-

sures than the regional lithostatic gradient. Modifiedfrom Surdam et al., 1997.
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Figure 12b. Pressure profiles for the major Cretaceous gas reservoirs in the Powder River Basin. Note that at the

depth at which compartmentalization is complete, the evolution of the pressure regime is significantly altered.

Below the top of overpressure, the change of reservoir pressure parallels the lithostatic gradient, but is offset to

lower pressures than the regional lithostatic gradient. Modifiedfrom Surdam et al., 1997.
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