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Woodford formation in outcrop

 Lightly colored facies caused by biodegradation of 
organic component of ‘shale’



Woodford formation in core

Black color caused by elevated organic carbon component



Woodford: Chert facies

= 2.49% ke = 5.93E-06 md 

Sw = NA Sg = NA     

So = NA GD = 2.61 g/cc

TOC = 1.70% Ro = 2.15

Quartz K-Feldspar
Plagioclase Calcite
Dolomite Magnesite
Pyrite Marcasite
Illite & Mica Kerogen

Chert Mineralogy (volume %) Min Max Avg

Quartz 63.1 95.4 80.6

K-Feldspar 0.0 1.5 0.1

Plagioclase 0.0 11.6 1.6

Calcite 0.0 0.0 0.0

Dolomite & Fe-Dolomite 0.0 4.9 2.1

Magnesite 0.0 8.7 1.8

Pyrite 0.4 5.1 1.5

Marcasite 0.0 1.3 0.2

Illite & Mica 0.0 21.9 5.4

Kerogen 2.3 13.7 6.7

Vclay 0.0 21.9 5.4



Woodford: Siliceous 

mudstone facies

= 4.75% ke = 8.16E-06 md 

Sw = NA Sg = NA     

So = NA GD = 2.56 g/cc

TOC = 4.16 wt% Ro = 2.3

Quartz K-Feldspar
Plagioclase Calcite
Dolomite Magnesite
Pyrite Marcasite
Illite & Mica Kerogen

0.1 mm

Shale Mineralogy (volume %) Min Max Avg

Quartz 25.5 68.5 50.0

K-Feldspar 0.0 5.7 2.3

Plagioclase 1.5 9.9 5.0

Calcite 0.0 14.0 0.7

Dolomite & Fe-Dolomite 0.0 31.8 5.3

Magnesite 0.0 2.6 0.2

Pyrite 1.2 11.4 4.5

Marcasite 0.0 4.9 1.2

Illite & Mica 9.2 35.8 18.7

Kerogen 2.0 18.3 11.9

Vclay 9.2 35.8 18.7



Gas swollen Woodford cuttings bags—

doubled plastic bags inside cloth bags



Cannister desorption test

Note increasing contribution of C2 and C3-C10 as sample desorption proceeds 

from high to low pressure (collection point time) 



Sorbed gas capacity in relationship 

to free gas



Measurement methodology

 Determine the chemical composition of 
produced gas

 Derive storage capacity relationships for each 
chemical species for appropriate ranges of:
 Temperature

 Pressure

 TOC content

 Source rock maturity



Gas composition examples from western 

Arkoma Basin (Wet to dry gas transition)

Western margin of gas play Core area of gas play



Gas composition examples from eastern 

Arkoma Basin (elevated CO2)

Little CO2 in western areas of gas play. This increases to > 10% in the deeper central parts of the basin. CO2 can 

reach 75% in the south side of Red Oak field, where VRo reaches 5.0.



Langmuir isotherm



Adsorbed Gas Content
experimentally determined from core samples

Adsorbed Methane Content
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Sorptive capacity of methane, ethane, and 

CO2 at 3 temperatures

Sorptive Capacity at 4660 psi vs. Reservoir Temperature: Methane, Ethane, CO2
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Adsorption tendency in relationship to 

Fluid boiling point
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Sorptive capacity of methane in moisture 

equilibrated and dried samples
Sorptive Capacity at 4660 psi vs. Reservoir Temperature: Methane
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Key Parameters for assessment

 Map of Organic matter content

 Maps of reservoir temperature and pressure

 Map(s) of free gas composition

 Component storage capacity relationship, as 

specified in extended Langmuir isotherm 

relationships



TOC estimation from RHOB and DeltaT- log(Rt) 

Caney & Woodford shales

TOC = 87. - 34.5 * RHOB

Correlation Coefficient:   r-square = 0.40

Regression :                 TOC = .82 * X - .57

Correlation Coefficients:    r-square =  0.50 



Calculated TOC curves from Density (black) and DTlogR (blue) are calibrated to core TOC measurements (red points);

Newfield 5H-8 Cattle 

TOC is approximated by petrophysical techniques

Woodford

CANEY



Calibration: Goddard shale (top of picture) (TOC = 0%). Limestone & sandstone units excluded from evaluation.  

Calculated TOC curves are 

calibrated to core TOC 

measurements (red points);

NFX 2H-13 Cometti 

TOC is approximated by multiple techniques

Woodford

CANEY



Woodford structure



Woodford Temperature map

Geothermal gradient of 

1.3 – 1.5 deg F / 100 ft. 

Mean surface 

temperature is 72 deg F 

across study area. 



Woodford Pressure map

Geopressure Gradient: 

.47 psi / ft (TVD)



Map of initial Methane

Methane 

> 90%

Methane 

< 60%



Ethane < 2%Ethane > 10%

Map of initial Ethane



Map of initial CO2

CO2 > 8%

CO2 < 1%



Produced gas (BTU content)

BTU (dry) < 950BTU (dry) > 1300



Extended Langmuir relationship

Multi-component isotherm relationships can be computed from single component data by use of 

extended Langmuir theory. 

where:

Gsi multi-component storage capacity of component i, scf/ton

GsLi single component Langmuir storage capacity of component i, scf/ton

pLi, pLj single component Langmuir pressure of component i or j, psia

yi or yj mole fraction of component i or j in the free gas (vapor) phase, dimensionless

nc number of components

p pressure of the free gas phase, psia



Adsorbed Gas in Place

Woodford

45 MMCF / Acre

60 MMCF / Acre



Acknowledgements

Significant contributions are recognized by:

Ciro Perez (Newfield Exploration)

 Brian Cardott (OGS)

Randy Miller (Core Laboratories)

 The staffs of Weatherford Geochemical 

group (Humble Geochem & Ticora), 

Marc Bustin



Kerogen adsorptive capacity 

related to thermal maturation 

Effective surface area of Kerogen, based on observed nanoporosity 

level, using Field Emission SEM on Argon milled samples)

THIS IS STILL IN RESEARCH
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Thermal maturity of Woodford Fm. organic 

matter (VRo) – western Arkoma Basin

Cardott, 2009, Oklahoma Geological Survey, Norman OK. 


