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When will an earthquake of a given 
magnitude occur at a given location?

EARTHQUAKE CYCLE MODEL
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EARTHQUAKE CYCLE MODEL

after Thatcher (1993)
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When will an earthquake of a given 
magnitude occur at a given location?

Shimazaki and Nakata (1980); 
figure from Rubinstein et al. (2012)
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Thurber et al. (2006)Blue: 1984 – pre-2004 M6
Red: 2004 M6 – Aug. 2005

MM GH

Why Parkfield?
Berkeley, CA DeBilt, Netherlands

Bakun and McEvilly (1984)
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EARTHQUAKE CYCLE MODEL

after Thatcher (1993)
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Considerations

• Fault section length

• Seismogenic depth

• Constant creep rate, loading

• Coseismic versus postseismic 
processes

AFTERSLIP VISCOELASTIC

When will an earthquake of a given 
magnitude occur at a given location?
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1966 Moment

Interseismic Moment 
Deficit Rate

Time to reaccumulate 
strain energy

Depth of faulting (km)

1966 Slip

Interseismic slip rate (mm/yr)

Segall and Harris (1987)
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Southeastern boundary?

Segall and Du (1993)
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Same-as-1966 Fault Length (km)

MM GH step

1934 SLIP

Shelly (2017)
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Interseismic transients

Transient slip 

10/1992 - 7/1996

Murray and Segall (2005)

Two-color EDM network
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The afterslip component 
of the earthquake cycle

Langbein et al. (2006)
from Bennington et al. (2010)

Continuous GPS stations (c. 2004)
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The afterslip component 
of the earthquake cycle

Murray & Langbein (2006)
Johnson et al. (2006)
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Murray & Langbein (2006)

Accumulated slip over two earthquake cycles
Slip at specific times or intervals Cumulative slip

Moment deficit 

accumulation rate 

(two interseismic 

models)

Annual moment release rate 

(one Mw6.08 per 24.5 years)

Michel et al. (2018)
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Coseismic vs. afterslip

Jiang et al. (2021)
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Detailed exploration of slip transition

Schliwa et al., (2024)

Coseismic Slip

Afterslip

Afterslip Rise Time

(b – a)
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Klein et al. (2019)

Lienkaemper & McFarland (BSSA, 2017)

Large, long-lived postseismic 
displacement
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Bruhat et al. (2011)

Multiple postseismic processes
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Physical model of the earthquake cycle

Barbot et al. (2012)
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• Parkfield gives us the opportunity to observe and model crustal 
deformation over multiple earthquake cycles.

• Large amplitude, long-lasting shallow afterslip and the potential 
for a “Parkfield” event to rupture through the Cholame section or 
beyond have important hazard implications. 

• Substantial differences in between the 1966 and 2004 events 
highlight limitations of simple recurrence models.

• It is tempting to focus on repeatable phenomena over multiple 
cycles, but we can embrace deviations from a clear pattern as an 
opportunity to explore the range of behavior a fault can produce.

• Continued operation of real-time, high-rate GNSS stations; surface 
creep monitoring; and campaign GPS data collection, as well as the 
launch of NISAR, provide a foundational dataset for models that 
link physics and a variety of observations in a unified description of 
the earthquake cycle. 

Looking ahead

AGAIN
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Thank you!
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