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Abstract 

 

A continuous 540-ft-long wireline slim hole core of Upper Devonian to Lower Carboniferous shale was acquired in the OGS-KGS Current #1 

borehole in 2008. Site is located in the southwestern portion of the Arkoma Basin on a well defined structural block called the Lawrence Uplift 

in south-central Oklahoma. The corehole encountered 230 ft of Upper Devonian - Lower Carboniferous Woodford Shale, 20 ft of 

OsageanWeldon Limestone and Kinderhookian pre-Weldon Shale, and 290 ft of Meramecian and Chesterian Caney Shale. The succession 

consists of basinal shales, siltstone, and minor limestones. The relatively shallow depth of the coring location has minimized diagenesis and the 

Woodford Shale lacks extensive silificification. The corehole was taken to serve as a regional reference section to be tied to global stratotypes, 

using chronostratigraphic methods to develop a robust, process-based understanding of the strata.  

 

Biostratigraphic, petrophysical, geochemical, and sequence-stratigraphic information was derived from the core and borehole wireline logs to 

infer controls on deposition. Primary lithofacies were described from slabbed core supplemented by SEM and thin-section petrography. High 

resolution (0.1-ft sampling) slim hole logging tools, including spectral gamma, neutron-density porosity, and resistivity logs were used with the 

core description to develop a provisional sequence stratigraphy. 

 

Meter- to decimeter-scale depositional sequences and parasequences are defined comprising oxic (high Th/U ratio) to euxinic conditions (low 

Th/U ratio). Sequence boundaries are sharply defined by scoured surfaces with basal beds including phosphate nodule lags and lenticular and 

often cross-laminated, detrital siltstone with abrupt lower contacts. Without lateral context, the distinction of forced regression or simply 

scouring by bottom currents is often unclear. Sediment condensation is characterized by organic- and uranium-rich, phosphatic and pyritic 

hard, dark-gray shales with pelagic fauna dominated by radiolarians. Condensed intervals are associated low resistivity and lower density. The 
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condensed section is overlain by less organic-rich green or gray claystone or silty claystone containing benthic fauna, trace fossils, pellets, and 

minor glauconite. The regressive lithofacies is characterized by high Th/U ratios, attributed to more alumina-rich, terrestrial clays. Oxic 

claystones in the Chesterian Caney Shale are notably soft and bioturbated. Siltier clays in the Woodford are hard and exhibit discontinuous 

microfractures. Abrupt contacts between condensed and regressive lithofacies in a rhythmic succession comprise the upper Chesterian Caney 

Shale, clearly suggesting forced regression. Wavelet analysis of the Woodford Shale, using the natural gamma log, indicates four bundles of 

~100-ft-scale cycles comprised of shorter wavelength (~12 ft) cycles. This is contrasted with distinct 6 to 12-ft-long cycles of the Chesterian 

interval. These cycles in general reflect alternating current energy, fluctuating levels of oxygen and biotic activity and changing bottom- and 

pore-water chemistry. It has yet to be determined what the broader significance is of the apparent cyclicity in the Woodford Shale.  

 

Selected References 

 

Averbuch, O., N. Tribovillard, X. Devleeschouwer, L. Riquier, B. Mistiaen, and B. Van Viet-Lanoe, 2005, Mountain building-enhanced 

continental weathering and organic carbon burial as major causes for climatic cooling at the Frasnian-Famennian boundary (c. 376 Ma)?: Terra 

Nova, v. 17, p. 25-34. 

 

Comer, J.B., 1992, Organic geochemistry and paleogeography of Upper Devonian formations in Oklahoma and northwestern Arkansas, in K.S. 

Johnson, and B.J. Cardott, (eds.), Source Rocks in the Southern Midcontinent, 1990 Symposium: Oklahoma Geological Survey, Circular 93, p. 

70-93.  

 

Hall, M., 2005, Composite colour display of spectral gamma ray logs: Canadian Well Logging Society, InSite, v. 24/4, p. 21-24 

 

Royer, D.L., R.A. Berner, I.P. Montanez, N.H. Tabor, and D.J. Beerling, 2004, CO2 as a primary driver of Phanerozoic climate: GSA Today, v. 

14/3, p. 4-10. 

 

Turgeon, T.C., R.A. Creaser, and T.J. Algeo, 2007, ReOs depositional ages and seawater Os estimates for the Frasnian-Famennian boundary: 

Implications for weathering rates, land plant evolution, and extinction mechanisms: Earth and Planetary Science Letters, v. 261, p. 649-661. 

 

Selected Websites  

 

Blakey, R, 2013, Mississippian Paleogeography: Colorado Plateau Geosystems, Inc. Website accessed May 8, 2013. 

(http://www2.nau.edu/rcb7/namM345.jpg; http://cpgeosystems.com/340moll.jpg) 

 

Indiana University-Geoscience, Shale Research Lab., An Invitation to explore shale geology: Website accessed July 17, 2013. 

www.shale-mudstone-research-schieber.indiana.edu  

 

Kansas Geological Society Core Library, Colorlith: KGS, Lawrence, Kansas. Website accessed July 17 2013. 

http://www.kgs.ku.edu/stratigraphic/KIMELEON/  

http://www2.nau.edu/rcb7/namM345.jpg
http://cpgeosystems.com/340moll.jpg
http://www.shale-mudstone-research-schieber.indiana.edu/
http://www.kgs.ku.edu/stratigraphic/KIMELEON/


 

Kansas Geological Society Core Library, Oil and Gas Core Images, Main Well page-35-123-23588: KGS, Lawrence, Kansas. Website 

accessed July 17, 2013. 

http://chasm.kgs.ku.edu/apex/qualified.cimg2.CoreImages?f_well=1038225872  

 

http://chasm.kgs.ku.edu/apex/qualified.cimg2.CoreImages?f_well=1038225872


ANALYSIS OF THE UPPER DEVONIAN TO LOWER 
CARBONIFEROUS (FRASNIAN-TOURNAISIAN) 

WOODFORD SHALE IN THE KGS-OGS CURRENT 
#1, SOUTHWESTERN ARKOMA BASIN  

  
 
 W. Lynn WATNEY1, Darwin R. BOARDMAN2, Jim O. PUCKETTE2, John R. VICTORINE1, 

John H. DOVETON1, Anna CRUSE3,  
and Neil SUNESON4 

  
1Kansas Geological Survey, The University of Kansas, 1930 Constant Avenue, Lawrence, 

KS 66047 
2Boone Pickens School of Geology, Oklahoma State University, Stillwater, OK 74078 

3Samson Resources, Tulsa, OK 74103 
4Oklahoma Geological Survey, University of Oklahoma, Norman OK 73019 

AAPG Woodford Shale Forum 



Outline 

1. Objectives  
2. Geologic Setting 
3. Characterization of Provisional Depositional 

Sequences 
4. Comparison of Woodford and Chattanooga 

shales – from OGS-KGS Current #1 Corehole 
to surface localities in NE OK, NW Ark, SE Mo. 

5. Summary 
Acknowledgement: Robert Walton, Cicaco, Camarillo, CA for funding well logging 



2. Geologic Setting -- 
Arkoma foreland basin and adjoining shelf margin 

along upper Midcontinent 
• Prolonged, notable subsidence along Arkoma Basin foredeep,               

proto-Anadarko Basin, and sag basin near the Arbuckle aulacogen 
• Prevailing basin anoxia in foreland due to deep water, high subsidence, 

low sedimentation rate 
• Restricted water circulation in shallower locations along narrow seaway  

– tropical setting, possible thermocline with apparent elevated nutrient 
supply  

– possible upwelling and runoff from surrounding landmass supporting 
productivity 

• Prominent, active basement faults including wrench and related regional 
fault systems that extend unto adjoining craton and influenced sediment 
accommodation and distribution 

• Later elevated thermal events related to burial with fluid flow along fault 
systems; localized magmatic activity 









KGS-OGS 
Current #1 



KGS-OGS 
Current #1 





KGS Core Rig 



Mississippian (Osagean) Weldon Limestone 
through Woodford Shale interval in core  

on display at this meeting 



Core Analysis 

• Slimhole (3 1/2 inch) wireline corehole  
• Slimhole logs ran -- spectral gamma ray, neutron, density, sonic, 

resistivity 
• Cores were slabbed, photographed, and described to determine 

lithofacies, texture, color, and characteristics of bedding 
contacts, and establish preliminary sequence stratigraphy.  
– On line photos --

http://chasm.kgs.ku.edu/apex/qualified.cimg2.CoreImages?f_well=1038225872  

• Cores were sampled every half-ft to 1 ft for paleo and 
geochemical analysis. Additional samples were taken for SEM and 
thin-section study.  

• Half of core is archived to preserve record and for sampling at 
later time. 

http://chasm.kgs.ku.edu/apex/qualified.cimg2.CoreImages?f_well=1038225872


Plotting lithology on the 
three-dimensional color 

cube 





Transformation of K, Th, U logs 
into color-cube space image logs – 
migration of the invisible gamma-

ray spectrum into the visible 
spectrum 

(from Hall, 2005) 

http://www.kgs.ku.edu/stratigraphic/KIMELEON/ 
Doveton & Victorine, KGS  

Hall Plot 

http://www.kgs.ku.edu/stratigraphic/KIMELEON/
http://www.kgs.ku.edu/stratigraphic/KIMELEON/


                              Key 
Colorlith Th/U-Th/K – most reduced (low Th, high U) 
= black 
K-Th-U Hall plot – uranium rich  = violet 
Rhoma-Neutron Colorlith 
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•  Distal shelf and slope equivalents of Woodford Shale typically include abundant interbeds of 
radiolarian cherts and black fissile shales with locally abundant non-skeletal phosphate.  
•  The phosphate-rich interval is generally restricted to a relatively short stratigraphic interval in the 
upper Famennian part of the Woodford Shale or near the Devonian-Mississippian (Famennian-
Tournaisian) boundary (paraphrased from Jim Puckette, OSU) 

W
oodford Shale 





Woodford Shale interval of Current #1 corehole 

• Middle and Lower Woodford Shale have considerably higher uranium (Hall Plot) and darker color (more 
organic-rich) than upper Woodford Shale  

• Upper Woodford Shale has twice as much quartz silt with many intervals exhibiting scoured surfaces and 
cross stratification  

• Abbreviations -- FR (forced regression) n=10, SB (sequence boundary) n=7, FS (flooding surface) many 

PO4  
nodules 

bioturbation 



Th 

U 

Hall Plot 



Petrophysical View of a Chesterian Depositional Sequence  
between Boundaries 16 & 17 
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http://www.kgs.ku.edu/stratigraphic/PROFILE/ 



573 ft 
(174.7 m) 

551 ft 
(167.9 m) 

518 ft 
(157.9 m) 

Lower Woodford 

Devonian Frisco Limestone 

Hall Plot SB #2 

Woodford Shale – Current #1 
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(123.4 m) 
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Hall Plot 

FR 



380.9-392.6 ft – Photo of slabbed core at and below contact of upper and middle Woodford Shale. Boxes are 3 ft 
long. Top of middle Woodford Shale is finely laminated, dark gray, and organic-rich containing abundant large cm-
sized nodules, lenses, and laminated phosphate. Occasional phosphate with fine pyrite centers. Wavy bedded, 
mm-laminated, more  silty interval at bottom. Contact at upper & middle Woodford Shale contains shale clasts in 
siltstone and large phosphate nodules at contact appearing as if winnowed by currents. Upper Woodford Shale 
has abrupt decrease in uranium from 20 ppm below to 5 ppm above the contact. 



2 

Hall Plot 

SB #2 



Core photograph from 542.4 ft to 553.9 ft. – 
Sequence boundary (SB#2) separating the middle 
from the lower Woodford Shale. Greenish-gray 
shale below the sequence boundary is less well 
bedded with occasional slickensides. Above the 
sequence boundary is gray to black organic-rich 
claystone layers of pyrite and phosphate laminae. 
Uranium concentration in this shale climbs to 70 
ppm, while shale below the sequence boundary has 
uranium concentrations from 10 to 30 ppm.  



gray to black 
organic-rich 
claystone layers of 
pyrite and 
phosphate laminae 

Greenish-gray shale below 
the sequence boundary is 
less well bedded with 
occasional slickensides 

Petrophysical view of provisional sequence boundary #2 
between lower and Middle Woodford 

“highstand” 

“lowstand” 

SB #2 

Thorium is 
unchanging in 
contrast to the 
Chester sequence 
example. 
Also higher apparent 
porosity for 
“highstand” in 
contrast to Chester. 



http://www.kgs.ku.edu/stratigraphic/KIMELEON/index.html 

The Woodford Shale interval as “seen” using Kimeleon 
software (free KGS software tool) 



Fluctuating bottom water conditions 

• In general, intervals containing evidence of euxinic bottom 
water during deposition have increased Mo, TOC, DOP, low 
Th/U ratios 

• In contrast, intervals with evidence of bottom water 
oxygenation such as inarticulate brachiopods and burrowing 
have lower values of TOC, Mo, DOP, and higher Th/U ratios 
and represent disruption of the water stratification that was 
prevalent during Woodford time. 
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OK-AR-MO Chattanooga Shale
Surface Exposures - Thorium
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OK-AR-MO Chattanooga Shale
Surface Exposures - Uranium
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•  Thorium is highest in northern shelfward sections  

•  Gradual increase with Th with depth 
• Uranium increase with depth, markedly increasing at base 

• Uranium highest in southern basinward locatities – nho & eb 

• Parallels changes in TOC, higher at depth and in basin  

landward basinward 

landward basinward 



OK-AR-MO Chattanooga Shale
Surface Exposures - Potassium
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OK-AR-MO Chattanooga Shale
Surface Eposures - TOC
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• Potassium increase with depth 

• Potassium generally higher in northern 
shelfward locations 

• TOC notably higher in southern basinward sections 

• Generally TOC correlates to uranium concentration 

landward 

basinward 

landward 

basinward 



Summary 

• Clearly defined intervals of reduced oxygen to anoxic to 
euxinic shales reflected in geochemistry, mineralogy, 
TOC, fauna, and petrophysical properties 

• Thorium is higher in “lowstand” shales of Chesterian 
and is unchanging in example of the Woodford.  

• Extensive mapping needed to substantiate depositional 
sequences and understand sediment accommodation 
and sediment preservation/erosion.  

• Consistent shelf-to-basin in Woodford to Chattanooga 
Shale – Th increases landward and K, U, and TOC 
increase basinward (toward Current #1) 
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