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I-We Live on a  
Critically-Stressed Crust 

• Earthquakes Occur Nearly 
Everywhere in Intraplate Areas 
 

• Stress is Near-Critical 
Everywhere - Earthquake Rate 
Reflects Intraplate Strain Rate 



How Faulting Keeps The Crust Strong 

Townend and Zoback (2000) 



II. Basement Faults That are Potentially Active in the  
Current Stress Field Are Also Hydraulically Conductive 

Zoback and Townend (2001) 



III. Faulting Keeps The Crust Permeable 

Townend and Zoback (2000) 



III. Faulting Keeps The Crust Permeable 

Townend and Zoback (2000) 

High Permeability Maintains Near-Hydrostatic Pore Pressure  



I-We Live on a  
Critically-Stressed Crust 

• Earthquakes Occur Nearly 
Everywhere in Intraplate Areas 
 

• Stress is Near-Critical Nearly 
Everywhere, Earthquake Rate 
Reflects Intraplate Strain Rate 
 

• Small Perturbations <RIS>  
Capable of Triggering Seismicity, 
Even in “Stable Areas” 
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Prior to 2009 
M 4 Eqs 1/10 years 

M 4 Eqs in 2015 
1/11 days 

Walsh and Zoback (2015) 



Massive Injection of Produced Water 

Oil and Saltwater 
Production 

Salt Water Injection 
at 2 – 2.5 km 
~700 Million Barrels 
<1 MPa Pressure Change 

Earthquakes 
5-6 km Depth 



Areas With Increased Disposal Have Earthquakes 
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3 Areas with 
Few Earthquakes:  

3 Areas with 71% of  Oklahoma's 
 Earthquakes 

Map 
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Variable Distribution of Faults 

<1 MPa Pressure Change Has Triggered Thousands of Earthquakes, 
Clustered in the Vicinity of (Unmapped) Critically-Stressed Faults 
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