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Earthquakes in the Mid-Continent

Ellsworth (2013)



Earthquakes in the Mid-Continent

Ellsworth (2013)



The Critically-Stressed Crust

• Earthquakes Occur Nearly 
Everywhere in Intraplate Areas

• Small Perturbations <RIS>  
Capable of Triggering Seismicity, 
Even in “Stable Areas”



Waste Injection 
Denver Arsenal

Fluid Injection
Rangely Oil Field



A Simple Earthquake Machine

Friction

Block jumps ahead in sudden slip events
(like earthquakes) and the stress drops

τ = µσn σn = Sn - Pp
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Mostly Waste Water Injection

Prague, OK*
Nov. 2011 M 5.7

Prague, OK
3 M5+ Eqs
Nov., 2011

M.D. Zoback, Managing the seismic risk of wastewater disposal, EARTH, April, 2012, 38-43 (2012). 

Azle, TX
7 Eqs, M3.6
Nov., 2013

Snyder, TX
18 Eqs, M4.4
2009-2011

Timpson, TX
7 Eqs, M4.8
2008-2012



Removing 
Oklahoma
Earthquakes
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Llenos et al. AGU (2014)

Oklahoma Has Had 69% of the Recent Earthquakes

CA vs OK

Presenter
Presentation Notes
68.8 % of Earthquakes from 1/1/2009 to 6/2015 in the US, East of -109 longitude. 



Recent Earthquakes and Disposal Wells
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Infographic

Prior to 2009
One M > 4 Eq per decade

One M > 4 Eq per week
in Late 2015 and 2016



Saltwater Disposal is Triggering Earthquakes

• Shallow, very high water cut 
producing formations – Miss. 
Lime is most well known

• Massive quantities of produced 
saltwater is being disposed into 
the basal Arbuckle group. 

• About 700 million barrels 
injected in 2014 alone.

• Earthquakes occur on pre-
existing faults in basement due 
to increases in pore pressure. 

• Potentially active faults are likely 
to be permeable, and extend 
from the crystalline basement up 
to the Arbuckle.





Seismically Active Areas in Oklahoma



Seismically Quiet Areas in Oklahoma



EARTH April, 2012



Water Recycling – Western Pennsylvania

Flow Back Water Does Not Need to be Injected



Avoid Faults During Hydraulic Fracturing

BCOGC (2012)

Distribution of earthquakes indicates slip along a pre-existing fault at 
the Horn River Basin hydraulic fracturing project in British Columbia

SHmax



Faulting on Basement Faults in Response to
Injection in Overlaying Sedimentary Formations

Horton (2012)

Earthquake Hazard Depends on 
Whether Injection into

Sedimentary Rocks Increases Pore 
Pressure in  

Potentially Active Basement Faults



Prague Earthquakes

Keranen et al. (2013)

Faulting on Basement Faults in Response to
Injection in Overlaying Sedimentary Formations



Massive SWD in Oklahoma
Is There a Possible Solution?

Re-inject produced water 
into shallower formations, 
ideally the producing 
formation

Avoid injecting into 
formations without a 
bottom seal. 

Presenter
Presentation Notes
Say dissipate, not diffuse
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Thank you
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