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Abstract 

 

We report progress on a project to create a detailed map of in situ stress orientations and relative magnitudes throughout the 

state of Oklahoma. Over the past 5 years, seismicity has increased remarkably in much of the state, apparently related to 

significant increases in waste-water injection. The purpose of this project is to develop detailed knowledge of the stress field in 

the state to identify which pre-existing faults could be potentially active in response to injection-related pore-pressure increases. 

Over 50 new stress orientations have been obtained, utilizing wellbore image data and shear-velocity-anisotropy measurements 

from sonic dipole data provided by the oil and gas industry. These data reveal a very uniform ENE direction of maximum 

compressive stress through much of the state. As earthquake focal plane mechanisms generally indicate strike-slip faulting, the 

stress orientation data identify which pre-existing faults are potentially active. The data are consistent with slip on the near-

vertical, NE-trending fault associated with at least one of the M 5+ earthquakes in the Prague, OK, sequence in 2011. If 

successful, it would demonstrate that combining detailed information about pre-existing faults and the current stress field could 

be used to guide the siting of injection wells so as to decrease the potential for injection-related seismicity. 
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Roadmap 
1. Recent Earthquakes 

and WSM Data 
 

2. Data Collection 
 

3. Statewide Stress Map 
 

4. Oklahoma City 
Hazard Case Study 
 

5. Preliminary Fault 
Analysis Results 
 
 



Recent Oklahoma Earthquakes and WSM 

Oklahoma City 

Tulsa 



Data: Drilling-Induced Tensile 
Fractures in FMI Logs 



Fast Vs Azimuth for SHmax 

After Boness and Zoback, 2005 

Vertical 
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77 New Oklahoma Stress Points 
• Image Logs (FMI, UBI, STAR): 63 wells 

• Sonic Dipole (fast shear azimuth): 14 wells 

• Ranked and Scaled according to Data Quality 

• Special Thanks to Our Data Contributors 



77 New Stress Data Points 
Blue - SHmax 
orientations from 
image logs 
Green - SHmax 
orientations from 
sonic dipole logs  
White - World 
Stress Map data 

Oklahoma City 

Tulsa 



Study Area (McNamara, 2015) 
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Tectonic Stress and Faulting 

Strike-Slip Earthquakes in Oklahoma 



Study Area (McNamara, 2015) 

• Are the Focal Plane Mechanisms 
Consistent with the Regional Stress 
Field? 

• Are the Lineaments Indicating 
Potentially Active Faults at Depth? 



SHmax EQs and Mapped Faults 

Uniform N85°E  
SHmax Direction 

Oklahoma City 



2011 Mw 5.7 Prague Sequence 

“Prague” Fault 
at expected 30˚ angle to SHmax for 

active strike-slip deformation 



FM’s in Study Area 
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Mohr-Coulomb Failure Analysis of 
Focal Mechanism Planes 

µ = 1 
µ = 0.6 

In Failure 

Far from 
Failure  

 There are 29 M ≥ 4.0 Earthquakes in the Study Area 
28 Have a Fault Plane Consistent with Strike-Slip Faulting  

in a N85°E Stress Field (±20°) 



Lineaments 
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Lineaments 
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Mohr-Coulomb Failure Analysis of 
Apparent Lineaments 

In Failure  

Far from 
Failure  

µ = 1 µ = 0.6 

  
Of the 33 Identified Lineaments in the Study Area 

26 are Consistent with Strike-Slip Faulting  
in a N85°E Stress Field 



Conclusions 

 There is a consistent stress field throughout 
much of Oklahoma, with an ENE SHmax 
direction and a pure strike-slip faulting 
regime 
 

We can identify potentially active faults 
with detailed knowledge of the in situ stress 
field 
 



Thank You 


