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Modeling Earthquake Generation Processes with Pore-fluid

Pressure Changes Caused by Dilatancy
Bunichiro SHIBAZAKI"

Abstract

0 O Dilatancy and pore fluid pressure changes in a fault zone significantly affect the mode of the
nucleation process, and are key factors for understanding the physical mechanisms of some pre-
cursory phenomena. We investigate slip processes with a model of a vertical fluid-infiltrated
strike-slip fault in a 3-D elastic half space using a Dietrich/Ruina rate- and state-dependent fric-
tion law and an evolution equation for plastic porosity. Due to dilatancy, porosity is thought to
increase with slip velocity. In this model plastic porosity is assumed to depend logarithmically on
the state variable in the friction law. The results of numerical simulations show that porosity in
the fault zone increases with increasing slip velocity in the nucleation zone. Then, pore fluid
pressure in the fault zone drops significantly, resulting in dilatant hardening. With an increas-
ing dilatancy coefficient, a larger pore fluid pressure drop is observed during the nucleation pro-
cess, which in turn increases the size of the nucleation zone. In the case of considerably larger
dilatancy coefficients, the fault system becomes stable. The various modes of slip processes are
reproduced by the spatial variation of dilatancy coefficients. We examine changes in pore-fluid
pressure on the fault near the surface. When a slow event occurs in a deeper region of a seismo-
genic zone in the later stage of an earthquake cycle, it is observed that slip velocity on the fault
near the surface increases significantly. Slip velocity also increases slightly around one year be-
fore the main rupture begins. These changes in slip velocity lead to a significant drop in the
pore-fluid pressure on the fault near the surface.
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when slip velocity is changed from 10”®m/s to 10" °*m/s and then
back to 10" ¢ m/s. The porosity change is calculated using the evolu-
tion equation proposed by Sleep 199701
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Table 10 Fixed value of parameters in the simulation.

Table 20 Dilatancy coefficients for each case.

ooooooo

Parameter Symbol Value Case Dilatancy coefficient
Density of rock or 2.8 x 10° kg/m? €
Density of water Puw 1.0 x 10° kg/m® 1 0
Base frictional coefficient HUo 0.6 2 2x 10-°¢
Rigidity G 30 GPa 3 6x 10°¢
Relative velocity of plate motion Vi 5 cm/year 4 8x 10"°¢
S-wave velocity B 3.5 km/s 5 4x 109°
Fluid compressibility Br 2x 10710 patt 6 6x 107°
Fluid viscosity n 2x 10°*Pas

Reference permeability ko 1.0 x 10" m?

Porosity corresponding to ko Po 0.02

Porosity sensitivity exponent a 6.0

Pressure sensitivity factor % 5x 1098 Palt

Pore compressibility Bo 8.3x 10"°9Pal!
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