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Effects of dip angle and dynamic stress transfer in long-term
fault slip simulation using the rate and state friction

Yuta MITSUT

Abstract

Numerical model of long-term fault slip (earthquake cycle) simulation had been initially

developed with a 90-degree dip angle to the free surface, neglecting dynamic stress transfer. At pres-

ent we can implement either effect of lower dip angle or the dynamic stress transfer into the model,

but mounting both effects is still difficult. Here we perform numerical experiments of the earthquake
cycle model to compare the dip-angle effect with the dynamic effect. Qualitatively, both prolong earth-
quake recurrence interval by enlarging event magnitude. We find that the effect of the low dip angle
can be greater than the dynamic stress transfer when the dip angle is as small as actual subduction

plate interface. This tendency is stronger as seismic area is shallower.

Keywords: rate and state friction, earthquake cycle, dynamic stress transfer, dip angle, free surface
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Fig. 1 2fJHOWIE € 7 v, Seismic area (F#) TIXEFNLEFLARBELEI R T 10 v 7 -2 ) v FTREHE L, aseismic area (K
WD 1R v, TEHE TR LEET 5. 3D 3HliE L & 35, (a) Seismic area 25H R E 2> S 7z, TWWHIEE T v, (b)

Seismic area 2SH BTV, HBOWHIEE T,

Fig. 1 Two fault models in this study. In seismic area (solid line), stick-slip events with spontaneous nucleation occur. In aseismic area (bold

broken line), steady slips occur at a velocity of v,. Fault slips in a reverse fault direction. (a) Deeper earthquake model, with the seismic

area far from the free surface. (b) Shallower earthquake model, with the seismic area near the free surface.
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Fig. 2 An example of the numerical calculation results. We show
the temporal evolution of the slip velocity v (normalized by the
loading rate v,, ) at the center of the seismic area in the deeper
earthquake model (Fig. 1a). The dip angle is a 90°, and the dynamic
transfer is neglected (quasi-dynamic approximation). We confirm
that the numerical result by the KH method (black solid line) is
in good agreement with that by the RB method. “Log” in the
vertical axis is the common logarithm. The horizontal axis represents
the relative time from one slip event after disappearing of the

initial value effects.
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Fig. 3 Recurrence interval of the stick-slip events in the deeper
earthquake model (Fig. 1a). The solid square represents the
calculation result with the dynamic stress transfer by the RB
method. The blank circles represent the calculation results varying
the dip angle by the KH method. The dotted line fits the latter
sequence by the least square method, with a formula of y=1.1
X 1077 (x—90)* +27.4.
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Fig. 4 Recurrence interval of the stick-slip events in the shallower
earthquake model (Fig.1b). The solid square represents the
calculation result with the dynamic stress transfer by the RB
method. The blank circles represent the calculation results varying
the dip angle by the KH method. The dotted black line fits the
latter sequence by the least square method, with a formula of y
=—4.8x10"" (x— 90)" + 32.9. For reference, the fitting line
in Fig. 3 (deeper earthquake model) is shown by the dotted red
line.
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Fig. 5 Maximal slip velocity during the stick-slip events at the center
of the seismic area in the deeper earthquake model (Fig. 1a). The
solid square represents the calculation result with the dynamic
stress transfer by the RB method. The blank circles represent the
calculation results varying the dip angle by the KH method.
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