
A unified perspective of seismicity and fault coupling
along the central San Andreas Fault

The San Andreas Fault (SAF) showcases the breadth of possible earthquake sizes and 
occurrence behavior; in particular, the central SAF is a microcosm of such diversity. 
This section also exhibits the spectrum of fault coupling from locked to creeping. Here, 
we show that the observations of aseismic slip, temporal clustering of seismicity, and 
spatial variations in earthquake size distributions are in fact tightly connected. Specifi-
cally, the creep rate along the central SAF is shown to be directly proportional to the 
fraction of non-clustered earthquakes for the period 1984–2020. This relationship pro-
vides a unified perspective of earthquake phenomenology along the SAF, where lower 
coupling manifests in weaker temporal clustering, with repeating earthquakes as an 
end-member. This new paradigm provides additional justification for characterizing the 
northwest ~75 km of the creeping segment as a transition zone, with potential implica-
tions for seismic hazard.
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Variability in the spatial and temporal distributions of earthquakes may result from differ-
ences in the mechanical properties of the fault. The presence (or lack thereof) of aseis-
mic processes is often explained with the concept of “fault coupling”, whereby fault be-
haviors lie on a spectrum from fully locked to fully creeping; thus it entails the mechani-
cal properties and seismic potentials.

Faults with low coupling are often seen to have seismicity patterns distinct from those 
with strong coupling (repeating earthquakes, spatial streaks, and a lack of moder-
ate-to-large earthquakes). 

We will explore a comprehensive and unified relationship between the fault coupling 
and the dynamics of seismicity behavior, manifested in the form of temporal clustering. 
The catalog in the central SAF is from Northern California Earthquake Data Center.
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Motivation

Method: interevent-time statistics
The probability distribution of the interevent times (δt) has been shown to be approxi-
mated by a Gamma distribution if the general earthquake catalog is composed of two 
types of events in terms of temporal clustering behavior: 

 1. the clustered seismicity (triggered events that follow the Omoris law decay) 
 2. the background seismicity (non-clustered, as Poisson Point Process) 

One can estimate the background seismicicty rate (μ) using the first two moments of δt 
(Molchan, 2005, Hainzl et al., 2016):

The fraction of background seismicity is μ normalized by the total seismicity rate.
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Temporal variations

Results: Background event fractions along central SAF

Depth sensitivity to image locked asperities? Conclusion
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• The aseismic slip rate positively correlates to the fraction of background events
  - Low background fraction  <=>  high coupling
  - High background fraction  <=>  low coupling
  - Intermediate fraction    <=>  intermediate coupling

• Gradual variations indicates the continuous transition between the mixture of  
 slip modes

• Rate of background events deviates from the peak background fraction

• Seismicity clustering in time encapsulates into this averaged estimate

• Heavily depends on the aftershocks observed in the time window
  - Creeping zone fluctuates around 0.6–0.8
  - North transition zone stays around 0.4–0.6
  - Locked zones fluctuate rigorously

• Time windows with a lack of events tend to bias the estimates

• Catalog must span long enough to have both event types (Marsan et al., 2013)

• Averaged background fractions across seismic cycles can be a proxy to the   
 fault coupling (1 – coupling)
• Gradual variations of the seismicity patterns justify the continuous transition of  
 slip modes in the seismic-aseismic spectrum.
• Having long-term intermediate background fractions, the transition zone could  
 be hosting large seismic ruptures.

• Low background fractions correlates with the inferred locked asperities from   
 geodetic models
• The paucity of events yields large uncertainty and limits the spatial resolution

Fig. 1 Earthquakes along the central San Andreas Fault. Events colored by depths. 
Our study region sits between the two blue “T” symbols.

Fig. 2 (a) Background fractions compare with the interseismic slip rate pro-
posed by Jolivet et al. (2015). (b) Background event rates and b-values. (c) In-
tensity of events in a space-time plot. 

Fig. 4 The background fractions in depth calculated in 2D cells (2.5 km by 1.0 
km). The regions containing < 20 events are blacked out. Three small patches 
of potential asperities related to the ones suggested by Jolivet et al. (2015).

Fig. 3 Time series of the background fractions calculated for four 
subsets using a time window of 2 years and stepping 2 months. 

(Jolivet et al., 2015)

Fig. 5 A schematic cartoon summarizing the observations. 
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