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Abstract 

 
The Tonkawa Sandstone is an important horizontal drilling objective on the northern shelf of the Anadarko Basin. Cores of the Tonkawa 
interval from the Bishop and Northwest Crawford fields were integrated with wireline-log and production data to identify depositional features, 
interpret the depositional setting and environments, and determine rock properties and reservoir characteristics. The lithofacies, current-induced 
structures and biogenic features observed in core, mapped distribution patterns, and sandstone geometry from wireline logs support the 
interpretation that the Tonkawa Sandstone in the study area represents a prograding deltaic complex. Observed depositional facies include 
distributary channel, distributary mouth bar, distal bar, prodelta, interdistributary bay, and crevasse splay deposits. The distribution and 
apparent reworking of sandstone bodies are indicative of a fluvial-dominated system influenced by destructive marine processes. Thickness 
maps of genetic units revealed shifting of the primary depocenters in response to available accommodation. The sandstone is dominantly very 
fine-grained sublitharenite that is glauconitic. Primary porosity is almost totally occluded by syntaxial quartz overgrowths and pore-filling 
calcite cement. Secondary porosity is the principal type and consists of partially dissolved grains, grain molds, oversized pores, and elongate 
pores. Porosity and permeability measurements indicate a range in porosity of 3.7 to 15.4 percent, whereas permeability ranges from 0.16 to 
4.86 millidarcies. Porosity and permeability display a positive linear relationship to each other. Net-sandstone thickness, porosity, and 
depositional facies are strongly linked to cumulative production volumes of oil and gas from Tonkawa Sandstone reservoirs. 
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Purpose and Methodology 

• Examine the sedimentary structures, distribution, and geometry of the 
Tonkawa Sandstone to determine depositional environments 

• Analyze the effects of diagenesis on porosity and permeability of the 
Tonkawa Sandstone 

• Determine how geologic characteristics influence production from the 
Tonkawa Sandstone reservoirs 

Purpose 

• Data were collected from wireline logs, core and thin section 
examination, x-ray diffraction, and conventional core plug 
porosity/permeability measurements. 

• Data were integrated to construct maps, cross sections, graphs, and 
tables necessary to determine reservoir characteristics and link 
these to oil- and gas-production volumes. 

Method 
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Introduction 



Study Area: Ellis and Roger Mills Counties 

Anadarko Basin 

(Johnson, 1988) 

Area of Interest 

(T.15N. – 18N.; R.24W. – 26W.)  



Geologic Setting 
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Geologic Setting 
Type Well 

Location Map 
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Geologic Setting 
Regional Structure – Haskell Limestone 

• Structural dip of 
45-60 feet per 
mile to the 
south-southeast 

• Dip reaches 100 
feet per mile in 
southeastern 
Custer County 

C.I. = 50 feet 
Datum = mean sea level 



Geologic Setting 

Shelf 

Tonkawa Interval Thickness 

Lower Tonkawa Subsea Fan 
(Kumar and Slatt, 1984) 



Determining Depositional Environment 

•Sedimentary Structures in Core 
•Geometry  of Sandstones from Wireline Logs 
•Distribution of Core-calibrated Facies 



Depositional Environment 
Location of Cores 

Cordillera Energy Partners  
• Donnie K. York Unit #1   
• J.R. Powel Unit #4  
Mewbourne Oil Co. 
• MDSU Males #3-8  
KT Energy Inc.  
• M.E. Strickland #1  
J. Brex 
• Verna Roberts #1 

Location of Cores 

Cores 

Verna Roberts #1 

M.E. Strickland #1  

MDSU Males #3-8  

J.R. Powel Unit #4  

Donnie K. York Unit #1   

Ellis 

Roger Mills 
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Depositional Environment 
Core  Analysis – Facies 1 (F1) 

Observations 

• Alternating fine siltstone 
and mudstone layers 

• Parallel siltstone laminae 
(lenticular bedding) 

• Soft-sediment 
deformation 

• Small-scale cross-
bedding 

• Asymmetrical ripples 
• Flame Structures 
• Horizontal burrowing 

        
  

          

      
        

  

    
              

  

8115’ 

(J. Brex, Verna Roberts #1; slabbed core) 

8116’ 

Geometry 

Log Response 

Cleaning/coarsening Upward 



Depositional Environment 
Core  Analysis – Facies 2 (F2) 

Observations 

• Laminated siltstone, silty 
sandstone, and mudstone 

• Graded Bedding 
• Small-scale cross-bedding 
• Symmetrical ripples 

(Mewbourne Oil, MDSU Males #3-8; slabbed core) 

Geometry 

Cleaning/coarsening Upward 
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Depositional Environment 
Core  Analysis – Facies 3 (F3) 

(Mewbourne Oil, MDSU Males #3-8; slabbed core) 

Geometry 

Observations 

• Transition to clean, well
sorted sandstone 

• Gradational basal  
 contact 
• Small-scale cross- 
 bedding 
• Symmetrical and 

asymmetrical ripples 
• Abundant mica 

Cleaning/coarsening Upward 
to Symmetrical Sandstone 



Depositional Environment 
Core  Analysis – Facies 4 (F4) 

(Mewbourne Oil, MDSU Males #3-8; slabbed core) 

Geometry 

Observations 

• Clean, moderately sorted 
sandstone 

• Occasionally fining upward 
• Sharp, possibly erosive 

basal contact 
• Small-scale cross-bedding 
• Asymmetrical ripples 
• Planar Bedding 
• Clay clasts and drapes 

Fining Upward 
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Depositional Environment 
Core  Analysis – Facies 5 (F5) 

Observations 

• Alternating fine siltstone 
and mudstone layers 

• Occasionally interbedded 
very fine sandstone 

• Small-scale cross-bedding 
• Clay clasts and drapes 
• Organic debris 

(Mewbourne Oil, MDSU Males #3-8; slabbed core) 

Geometry 

Thin Symmetrical- No Defined Trend  



Depositional Environment 

(Coleman and Prior, 1980) 

F1 

F2 

F3 

F4 
F5 

Interpretation   



Prodelta 

Distributary Mouth Bar 

Interdistributary Bay-Fill 

Distributary Channel Fill 

Distal Bar (Delta Front) 

Depositional Environment 
Electrofacies – Delta Front & Distributary Mouth Bar 

(Coleman and Prior, 1980) 

F1 

F2 

F3 

F4 

F5 



Depositional Environment 
Electrofacies – Distributary Channel Fill 

(Coleman and Prior, 1980) 
Prodelta 

Distributary Mouth Bar 

Interdistributary Bay-Fill 

Distributary Channel Fill 

Distal Bar (Delta Front) 

F1 

F2 

F3 

F4 

F5 



Distribution of the Tonkawa Sandstone 



Distribution of the Tonkawa Sandstone 
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Net-Sandstone Thickness Map 

• Generated with gammaπray 
wireline logs  

• Sandstone was selected 
using a shale volume < 40% 

• Highly digitate and 
bifurcating distribution 
patterns emerge 

Distribution of the Tonkawa Sandstone 
Net-Sandstone Thickness 
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Distribution of the Tonkawa Sandstone 
Regional Sandstone Thickness 

(Submarine Fan Deposits) 



Depositional Events 

Distribution of the Tonkawa Sandstone 

(Coleman and Prior, 1980) 

Deltaic Lobes of the Modern Mississippi River 

Lower Unit 

Upper Unit 



Lower Unit 

Distribution of the Tonkawa Sandstone 



Distribution of the Tonkawa Sandstone 
Upper Unit 



Petrographic Analysis 



Petrographic Analysis 
X-Ray Diffraction Results 

Tonkawa XRD Analysis Results 
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Petrographic Analysis 

(Folk, 1968) 

AVERAGE PERCENTAGES OF DETRITAL 
CONSTITUENTS 

Detrital Constituents 

Texture 
Sorting Good to Moderate 

Sphericity Sub-angular to Sub-rounded 

Grain Size Coarse Silt to Fine Sand 



Petrographic Analysis 
Detrital Constituents 

Detrital Framework Grains 

• Quartz  
• Rock Fragments 
• Feldspar 

 



Petrographic Analysis 
Authigenic Constituents 

AVERAGE PERCENTAGES OF AUTHIGENIC 
CONSTITUENTS 



Petrographic Analysis 
Porosity 

• Partial Dissolution (Pd)  
• Grain Mold (Gm)  
• Oversize Pore (Op)  
• Elongate Pore (El)  

Secondary Porosity 

• Small amounts of primary 
porosity (Pr) can still be 
recognized in the 
Tonkawa Sandstone 

 

Porosity:  3.5 to 15.8 percent 



Sideritized 
Clay Clast 



Reservoir Quality 



Reservoir Quality 

(Modified from Coleman and Prior, 1980) 

Permeability and Porosity 

No Carbonate  
Cement 



Reservoir Quality 
Sandstone Thickness and Porosity 
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Production Characteristics 



Production Characteristics 
Production Rates 

Net-Sandstone Thickness Porosity 



Production Characteristics 

Oil and Gas Prone Reservoirs 

Depth – Gas vs. Liquids: Optimum Depth to Find Oil-Prone Reservoirs  



Conclusions 



Conclusions: Tonkawa Sandstone 

1. Deposited within a highly constructive lobate delta environment.   
 

2. Highly digitate or “birds-foot” deltaic system much like the modern Mississippi River 
Delta.  Lack of reworking indicates deltaic system is fluvial-dominated. 
 

3. Potential delta-lobe switching likely related to lack of accommodation forcing lateral 
dispersal of sediments.  
 

4. Secondary porosity accounts for the bulk of the porosity as primary porosity was 
occluded by compaction and cementation.  
 

5. Production  volumes related to net-sandstone thickness and porosityΤ fluid type to 
present structural position.  
 

6. We need to understand depositional system and facies to locate better reservoirs. 
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