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Secular variations of fault slip rate are common [Che-

valier et al., 2005]. Th e hypothesized causes include 

glacial-interglacial changes in surface loads [Hetzel and 

Hampel, 2005], ocean loading on glacial timescales 

[Luttrell et al., 2005], and change of fault properties. 

Th ese causes may be quantifi ed and tested by their 

impact on the Regional Coulomb Failure Stress, which 

causes diff erent secular variations of fault slip rate. We 

demonstrate this approach using a generic 3-D visco-

elasto-plastic fi nite element model for major strike-slip 

faults [Li and Liu, 2006], and show that this approach 

may be used to diff erentiate various causes of secular 

variation of fault slip rates.

Th e secular slip rates of major strike-slip faults depend 

on long-term tectonic loading rates, but can be per-

turbed by the change of loading mechanisms (change 

of regional shear stress and normal stress) and/or fault 

properties (frictional coeffi  cient, pore pressure, and 

cohesion). Th ese changes can be represented by a proper 

change of Regional Coulomb Failure Stress (ΔRCFS):
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where        and         are changes of regional shear and 

normal stress due to external loading, respectively,        is 

change of frictional coeffi  cient,       is change of pore 

pressure, and        is change of cohesion on a fault plane. 

ΔRCFS perturbs the fault slip rate until a new equi-

librium is reached. Th e resulting changes of slip rates 

depend on the duration over which the change process 

of ΔRCFS is accomplished, and its magnitude (Figures 

1 and 2).

Diff erent loading mechanisms and/or change of fault 

properties may be represented by their resulting change 

of Regional Coulomb Failure Stress with diff erent mag-

nitudes and durations of changing processes, which lead 

to diff erent secular variations of fault slip rates. With a 

well-constrained fault slip history and lithospheric rheol-

ogy, we may test and quantify diff erent causes of secular 

fault slip variations. 

Figure 1. Predicted evolution of slip rates as 1 MPa ΔRCFS increase is accu-

mulated over a period of 100 years, 1000 years, and 10,000 years, respectively. 

Slip rate decays afterwards. Th e peak of slip rate change is higher when the 

increase of the ΔRCFS is accomplished over a shorter period.

Figure 2. Slip rate changes caused by ΔRCFS at various magnitudes, which is 

accomplished in a period of 1000 years.
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