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What Is an Earthquake?  

Å Shaking of the ground caused by the 
sudden slippage of a fault.  
 

Å Release of long -stored elastic energy 
by sudden slippage of a fault.  
 

Å An earthquake will begin when the 
stress exceeds the frictional strength 
of the fault.  



Human Activity can Induced Earthquakes in Two Ways  

W. L. Ellsworth, 2013, Injection - Induced Earthquakes, Science 341, 1225942 (2013 ). DOI : 10.1126/science.1225942  



Inducing Earthquakes: Solid Stress Effect  



 
Å Ancient faults can be reactivated 

by decreasing the effective 
normal stress  
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Å Faults occur on a wide variety of 

scales and are found in virtually 
every geologic setting  
 

Å The Earthôs crust is in a near 
critical failure state everywhere  

 
 

Inducing Earthquakes: Pore Pressure Effect  



W.-Y. Kim, Induced seismicity associated with fluid  
injection into a deep well in Youngstown, Ohio.  
J. Geophys . Res. 10.1002/jgrb.50247 (2013)  

Youngstown, Ohio  

Horton, S., 2012, Disposal of Hydrofracking  Waste 
Fluid by Injection into Subsurface Aquifers 
Triggers Earthquake Swarm in Central Arkansas 
with Potential for Damaging Earthquake; 
Seismological Research Letters , v. 83 . 

Guy, Arkansas  

Frohlich, C., Hayward, C, Stump, 
B. and Potter, E., 2011, The 
Dallas -Fort Worth Earthquake 
Sequence: October 2008 through 
May 2009 , Bull. Seismol  Soc. Am, 
v. 101, 327 -340.  

DFW, Texas  

Ake, J., Mahrer , K., OôConnell, D., 
and Block, L., 2005, Deep -
Injection and Closely Monitored 
Induced  Seismicity at Paradox 
Valley, Colorado. Bull. Seismol . 
Soc. Am , v. 95, 664 -683.  

Paradox Valley, Colorado  



Human Induced Earthquakes  
These are not new ideas  

Subsurface Disposal in 
Geologic Basins ï A study of 

Reservoir Strata   
AAPG Monograph 10 (1968)  

Underground Waste 
Management and 

Environmental Implications  
AAPG Monograph 18 (1976)  

ñthe tremors é being the results of 
the release of stress when the 
pressures produced by injection of 
fluid overcome the friction on 
opposing rock surfaces.ò 

ñThe Denver earthquakes ï and similar, less 
intensively studied cases in oilfields in 
western Colorado, Texas and Utah ï have 
served a very good purpose in alerting us 
to this kind of long -term danger.ò 



ñThe disposal of waste fluids by 
injection into a deep well has 
triggered earthquakes near 
Denver, Colorado.ò 
 
Healy, J.H., Rubey , W.W., Griggs, D.T. and 
Raleigh, C.B., 1968, The Denver Earthquakes; 
Science,  v. 161, p. 1301 -1310.  

 

Key Findings:  
 

Å Earthquakes induced by injection of chemical waste in a deep well  
 

Å Release of long -stored tectonic stress on ancient faults  
 

Å Earthquakes occurred more than 10 km from injection point  
 

Å Largest earthquake (Mw 4.8) occurred over one year after injection stopped  
 

Å Earthquakes continued into the 1980s  

Injection Volume  

Earthquake Count  

1960s Denver Earthquakes  

Cross Section of  
Earthquakes in 1967  

Injection Point  

5 km radius  



ñThe cessation of seismic activity within 1 day of the initiation of backflow in the 
experimental wells in May 1973 established the correlation between fluid pressure 
and earthquakes beyond a reasonable doubt.ò 

 
Raleigh, C.B., Healy, J.H. and Bredehoeft , J.T, 1976, An Experiment in Earthquake Control at Rangely , Colorado; 
Science, v. 191, p. 1230 -1237 . 

Verifying the Effective Stress 
Hypothesis at Rangely, Colorado  

USGS experiment turned -on and off 
earthquakes in a Colorado oil field by 
varying injection pressure.  
 
State of stress and pore pressure were 
measured, as was the frictional strength 
of the rocks.  

 

†  ‘  „ὲ ὖ  
 

Injection  Backflow  

D
e

p
th

 (
K

m
)

 

2  

4 



Hazard model for the central and 
eastern U. S. primarily based on past 

seismicity  

What rate of earthquakes 
should be expected in the  
future?  

Hazard From Induced Earthquakes  


