
Coulomb stress change and its correlation 
with aftershocks

Static versus dynamic Coulomb stresses

Ramifications: will a big quake trigger 
other big quakes? Will the Japan quake 

increase the chance of a Cascadia M 9 or 
other large quake in BC?
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If pore fluid is present then induced pore pressure change is the pressure 
change times the Skempton’s coefficient B (usually between 0 and 1).

To get         we must add          to            .
Remember the sign difference. If Pp increases then this should act to 

reduce the magnitude of the effective normal stress.      
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contributions to           
• unclamping
• shear stress increase
  (in the sense that
  drives the fault slip)

+∆CFF

∆τ ∆σe

∆CFF = ∆τ + µs∆σe

(σe = σn + Pp)
where
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Coulomb stress changes from large 
earthquakes can be sufficient to 

trigger other earthquakes

This is the main reason for 
aftershocks

From King et al (BSSA, 1994)
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From King et al (BSSA, 1994)

From King et al (BSSA, 1994)



from Todal et al (JGR, 2005)
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1992 M=7.3 Landers shock    
 increases stress 

at Big Bear
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1992 M=7.3 Landers shock    
 promotes the M=6.5 Big  

Bear shock 3 hr later
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…and promotes the
     M=7.1 Hector Mine
            shock 7 yr later
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The 1906 SAF Earthquake caused a stress shadow here



Bay area shocks during the 75 years  after  1906

from Stein (Nature, 2003)

from Lin & Stein (JGR, 2004) 



Coulomb stress change, 
assuming spatially variable 
fault planes and sense of slip 
based on geology.

 Most of the reverse faults in 
the Tohoku region show a 
stress shadow (blue). Relatively 
large positive stress changes 
can be seen at the north and 
south extremities of the 
mainshock fault, as well as in 
the outer rise characterized by 
normal faulting. Some regions 
in southwest Japan have been 
also brought closer to failure 
(positive stress changes of up 
to about 0.6 Bar).

from Lin & Stein (JGR, 2004) 



Random population of creeping but not YET unstable fault 
patches (all have shear stress = friction coeff. times effective 

normal stress, but have not reached their critical size)
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the tiny 
patches slip 
very slowly

slip speed 
increases as the 
slipping patches 

grow

as they slip 
faster the 

patches grow 
even larger, and 

the time to 
instability 
becomes 
short...
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Suppose a Coulomb stress change happens to all of these patches.  
This boosts slip speed of all them by 

Because faster slipping patches are so much closer to failure, small
stress change temporarily causes a profound increase in seismicity

∆vslip

Note: we did not 
go into how to 

compute            . 
You are not 

responsible for 
knowing this.

∆vslip



typical      :
1 bar?

aσe

∆τ = 5 bar

pre-earthquake seismicity rate

10 MPa?0.01?

150 times as 
many earthquakes 

as before: 
aftershocks

earthquake rate 
decreases as 1/t

Static triggering

• local 
• can last for years



Dynamic and static Coulomb stress change

Dynamic triggering

• large region (sometimes global) 
• only while waves are passing  (minutes)

• restricted to volcanic or geothermal areas





Occurrence of large earthquakes 
worldwide: Do great quakes trigger other 

large quakes worldwide?


