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Undiscovered Petroleum Resources for the Woodford
Woodford Shale and Thirteen Finger Limestone–Atoka Shale Assessment Units, Anadarko Ba
Basin

By Debra K. Higley

In 2010 the U.S. Geological Survey assessed undiscovered oil and gas resources for the Anadarko
Basin Province of Colorado, Kansas, Oklahoma, and Texas. The assessment included three continuous
(unconventional) assessment units (AU) (table 1). Mean undiscovered resources for the (1) Devonian
Woodford Shale Gas AU are about 16 trillion cubic feet of gas (TCFG) and 192 million barrels of natural
gas liquids (MMBNGL), (2) Woodford Shale Oil AU are 393 million barrels of oil (MMBO), 2 TCFG, and
59 MMBNGL, and (3) Pennsylvanian Thirteen Finger Limestone–Atoka Shale Gas AU are 6.8 TCFG and
82 MMBNGL. The continuous gas AUs are mature for gas generation within the deep basin of
Oklahoma and Texas. Gas generation from the Woodford Shale source rock started about 335 Ma, and
from the Thirteen Finger Limestone–Atoka Shale AU about 300 Ma. Maturation results are based on
vitrinite reflectance data, and on 1D and 4D petroleum system models that calculated vitrinite
reflectance (Ro), and Rock-Eval and hydrous pyrolysis transformation (HP) ratios through time for
petroleum source rocks. The Woodford Shale Gas AU boundary (fig. 1) and sweet spot were defined
mainly on (1) isopach thickness from well-log analysis and published sources; (2) estimated ultimate
recoverable production from existing, mainly horizontal, wells; and (3) levels of thermal maturation.
Measured and modeled Ro ranges from about 1.2% to 5% in the AU, which represents
marginally mature to overmature for gas generation. The sweet spot included most of the Woodford
that was deposited within eroded channels in the unconformably underlying Hunton Group. The Thirteen
Finger Limestone-Atoka Shale Gas AU has no known production in the deep basin. This AU boundary
(fig. 1) is based primarily on the gas generation window, and on thickness and distribution of organic-rich
facies from these mainly thin shale and limestone beds. Estimates of organic richness were based on
well-log signatures and published data.
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Figure 3. Vitrinite reflectance (%Ro) contours on the Woodford Shale. Contour interval is 0.4% Ro. Blue triangles and white
dots include Ro data from Cardott (1989), Price (1997), and Chesapeake Energy Corporation (personal commun, 2009).
White dot well locations are, from left to right, Bertha Rogers 1, Petree 1, and Streeter 1. Brown lines are faults in the
underlying Hunton Group (Rottmann, 2000a). Vertical green line is location of the figure 8 cross section. Maps and
models were generated using Dynamic Graphics® Earthvision® (Dynamic Graphics® and Earthvision® are registered
trademarks of Dynamic Graphics, Inc.) and PetroMod® software (Schlumberger, 2011). PetroMod® software was used for
1D and 4D petroleum system models.
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Figure 4. Burial history curves for the Bertha Rogers 1 and Petree Ranch 1 wells. Modeled vitrinite reflectance through
time includes heat flow of about 70 mW/m2 to 260 Ma followed by 40 mW/m2 for Bertha Rogers 1, and 68 mW/m2 to 260 Ma
followed by 52 mW/m2 for Petree Ranch 1. Pale-yellow and blue lines follow the Thirteen Finger limestone and Woodford
Shale, respectively. PetroMod® is the petroleum system modeling software used for this 1D, and for 2D and 4D images
and results.
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Figure 6. Modeled present-day vitrinite reflectance on Ordovician to Virgilian surfaces using Sweeney and Burnham (1990) kinetics. Changes in thermal
maturity across Kansas and Colorado are minor and source rocks are mostly immature for oil generation at less than 0.6% Ro. Thermal maturity for source
rocks in the deep basin of Oklahoma and Texas ranges from mature for oil generation to overmature for gas generation, at about 4% Ro and greater.
Black contour lines mark the 99% transformation ratio for each layer; it is approximately equivalent to 1.2% Ro. Precambrian faults (Adler and others, 1971)
are shown as blue lines. Images are map views from the PetroMod® 4D petroleum system model of the basin.
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Figure 1. Anadarko Basin Province (green line) and boundaries of total petroleum systems (TPS) and included
Woodford Shale Gas, Woodford Shale Oil, and Thirteen Finger Limestone-Atoka Shale assessment units (AU). The Woodford
Shale is divided into the Woodford Shale Oil and Woodford Shale Gas AUs based mainly on current and potential future
production, levels of thermal maturation, and formation thickness. Gas AU boundaries were defined partly using a measured
and modeled vitrinite reflectance of 1.2% and greater and a transformation ratio (TR) of 0.99% and more.
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[MMBO, million barrels of oil. BCFG, billion cubic feet of gas. MMBNGL, million barrels of natural gas liquids. Results shown
are fully risked estimates. For gas accumulations, all liquids are included as NGL (natural gas liquids). F95 represents a 95 percent chance of at least the amount tabulated; other fractiles are defined similarly. Fractiles are additive under the assumption
of perfect positive correlation. TPS, Total Petroleum System; AU, Assessment Unit. Gray shading indicates not applicable]

Figure 5. Modeled vitrinite reflectance (Ro) versus transformation ratios (TR) using a Woodford Shale hydrous pyrolysis (HP)
kinetic algorithm from Lewan and Ruble (2002). Calculations are for the Bertha Rogers 1 and Petree Ranch 1 wells. Woodford
HP TR of onset of oil generation (0.1%) to completion of oil and start of gas generation (99%) correlates to a range of about
0.65 to 1.2% Ro. The 1.2% TR arrow highlights the figure 6 contour line. The shown onset of oil cracking to gas at about
1.7% Ro to overmature for gas generation at about 4.0% Ro does not correlate to the TR scale.

Figure 2. Generalized stratigraphic column for the Anadarko Basin Province with oil and gas source
rocks (reddish-brown text). Woodford Shale and Thirteen Finger Limestone–Atoka Shale Gas AU
source rocks are within the yellow backgrounds. Increases in source rock potential are indicated by
larger numbers. The expected hydrocarbons column indicates a more oil- or gas-prone source.
Italics marks informal units. Modified from Burruss and Hatch (1989).
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Table 1 (part). Anadarko Basin Province assessment results for undiscovered oil and gas resources (Higley and others, 2011)
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Figure 7. This cube dissection of the 4D petroleum system model shows present-day elevation on the top of the Desmoinesian
layer relative to sea level. Color variation on the Desmoinesian corresponds to lithologies from Adler and others (1971).
Vertical color variations represent lithofacies assignments for the underlying Desmoinesian through Precambrian layers. For
example, the Mississippian layer is labeled. Location of the slice is on figure 3. Vertical exaggeration is 15 times.
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Figure 8. South to north cross sections of thermal maturation using Woodford Shale transformation ratio (TR) at
present day and 300 Ma. Figure 3 and inset show the location of these extracts from the 4D model. Yellow
and pink dots are approximate locations of the Woodford Shale and Thirteen Finger limestone. Elevation is
relative to sea level, and vertical and lateral scales are equivalent for the cross sections. Map image is TR on
the Woodford Shale layer at 0 Ma and at 10x vertical exaggeration.
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