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Introduction  
Earthquake swarm illuminates the Guy-Greenbrier Fault (13x 3.2 

km) capable of a potentially damaging earthquake. 

 

Geology and Hydrogeology  
Hydraulic connectivity between UIC well injection depths and 

earthquakes 

 

Seismic activity 

 

Earthquake triggering  



10/01/10 – 03/08/11 





Fault capable of M 5.6 – 6.0 earthquake if it ruptures as single 

event. 

Wells and Coppersmith (1994) 

M=3.98 + 1.02log(area) 

M(41)=5.6 

 

M=4.33+1.49log(RLD) 

M(13)=6.0 



1976 - 2008 



2009 



01/01/10 – 07/06/10 



07/07/10 – 02/18/11 



•injection into crystalline basement rock 3.67 km below the 

surface. 

•most of the earthquakes were located about 5 km northwest of 

the disposal well at depths between 3 and 8 km (Herrmann, 1981). 

•The largest event at the Arsenal, an M 5.3, occurred several 

kilometers from the injection well more than a year after injection 

ended.  



The mechanism by which fluid injection triggered the 

earthquakes is the reduction frictional resistance to faulting, a 

reduction which occurs with increase in pore pressure (Healy 

et al., 1968). 

 

The implication of the pore-pressure mechanism is that the 

rocks were stressed to near their breaking strength before the 

injection of fluid (Healy et al., 1968). 

In the presence of pore fluids, the condition for slip on 

a fault is 

| σs| = S₀ + μ(σn – Р) 

where σs is the shear stress, S0 is the cohesion of the 

surface, μ is the coefficient of friction, σn is the normal stress, 

and P is pore pressure. 



Well-head pressure 



Cross correlation of earthquake 

frequency and combined 

injection volume at well#1 and 

well#5. A) Number of 

earthquake with m≥2.0 per week 

is plotted for the entire study 

area. The start time coincides 

with the completion of 

installation of the Arkansas 

seismic Network (see fig. 1) on 

February 26, 2010. B) 

Combined injection volume at 

wells #1 and #5 per week. 

Injection at both wells ceased on 

March 3, 2011. C) Normalized 

cross-correlation coefficient with 

peak 0.7 and lag of 15 weeks. 



Earthquakes Triggered by fluid injection 
 

•The Guy-Greenbrier fault was critically stressed prior to the start of 

injection. 

 

•Therefore, the Mohr-Coulomb criterion must have been changed 

incrementally (naturally or by human activity) shortly before or 

coincident with the earthquakes. 

 

•The earthquakes along the Guy-Greenbrier fault began after the start 

of injection at well #1 with intense seismic activity following the 

start of injection at well #5. 

 

•Earthquake frequency in the study area shows a strong correlation 

with the volume of injection at well#1 and well#5. 



Earthquakes Triggered by fluid injection 
 

•The injection of fluids increased pore pressure in the Ozark aquifer, 

and because of the hydraulic connection between the Ozark aquifer 

and the Guy-Greenbrier fault, pore pressure could also have 

increased in the fault zone. 

 

•Given the spatial and temporal correlation between the UIC wells 

and activity on the fault, it would be an extraordinary coincidence if 

the earthquakes were not triggered by fluid injection. 

 

•For these reasons, we conclude that fluid injection triggered the 

recent seismicity on the Guy-Greenbrier fault. 



Conclusions:  

•The Guy-Greenbrier Fault is seismically active and 

capable of producing a potentially damaging earthquake.  

 

•A plausible hydraulic connection exists between the 

injection intervals at well#1, well#2 and well#5 and the 

Guy-Greenbrier Fault.  

 

•Continued fluid injection at these wells could increase 

pore pressure in the fault zone and potentially trigger a 

damaging earthquake.  

 

•Fluid injection at nearby class 2 UIC wells triggered the 

recent seismicity on the Guy-Greenbrier fault. 


