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Preliminary analyses to develop a method for stress-triggering assessment
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Abstract: We have started a numerical study to evaluate a stress triggering based on a physical model of
a two-dimensional fault plane that obeys a rate- and state-dependent friction law, aiming to construct a
new methodological framework of forecasting an inland earthquake by a Monte Carlo simulation. In this
study, one of the simplest cases was tested as a beginning of the numerical experiment. However, we
obtained unexpected results, in which stress steps corresponding to positive changes in Coulomb failure
function (ACFF) delayed the occurrence of a next earthquake. We turned back to fundamental analyses
to interpret the simulation result. We applied a uniform shear stress step to the fault plane and observed
the relation between an input time of a stress step and a time of a next earthquake. We found that the
time of a next earthquake strongly depends on the input time of stress step and that a positive change in
ACFF may extend a time to a next earthquake. Further examinations revealed that these results can be
explained by a simple mechanism that a stress step triggers a sequence of a few episodic aseismic slips
with almost constant time intervals, which finally changes into a seismic slip after a full growth of

rupture nucleation patch generated beside the region of aseismic slip.
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Table 1. Parameters for a model of active faults.
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Table 2. Model parameters.
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B0, D, E 2B, F 2EH 1Y sk MRS

Fig. 1. Geometry of an active-fault model. (a) Top view. A thick line and a red line indicate a shallower side of the
fault plane and a trace of an active fault, respectively. (b) Vertical section viewed from N210°E. Points A,
B, C, D, E and F are located along the dip of the Muikamachi fault at distances of 0.5 km, 5.5 km, 10.5 km,
13.5 km, 14.5 km and 16.5 km from the top. In this study, region in which Points A-C are located is called
a region of seismic slip, as a matter of practical convenience, referred to the friction characteristics (Fig.

3a). Region of Points D and E is called a region of transition, while region of Point F is called a region of
steady slip.
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Fig. 2. Stress step and ACFF along a center line on Muikamachi fault (along dashed-dotted line in Fig. 1),
induced by neighboring earthquakes. For evluation of the stress steps, the amount of slips on the
upper and lower halves of the fault plane for the 2004 Mid-Niigata earthquake were set to 3.0 m
and 3.7 m, respectively. The amount of slips on the upper and lower halves of the fault plane for
the Western Nagano basin fault were set to 5.7 m and 4.7 m, respectively. In the calculation of
A CFF, the apparent friction coefficient, ', was set to 0.6.
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Fig. 3. Depth-dependent parameters of a friction law (a) and initial effective normal stress (b).
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Fig. 4. Numerical solutions of an earthquake cycle model: (a) displacement, (b) slip velocity, (c) shear stress and (d)

effective normal stress. The locations of Points A-F are shown in Fig. 1. The interval indicated by a lateral
arrow in (b) corresponds to a close up in Fig. 6.
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Time evolution of the slip velocities along the fault plane. Time is normalized by
unperturbed recurrence interval, 7 of 6500y, and immediately after an occurrence of
earthquake is set to the origin. The origin of the distance along dip is set to the shallower
side (surface) of the fault plane. The color map indicates a distribution of logarithmic
velocities with a reference velocity of 10"°m/s. The contours with solid lines indicate a
linear-velocity distribution above 10"°m/s. A white dashed line corresponds to a boundary
between the region of seismic slip and the region of transition. Top and bottom panels (a
and b) indicate a top view and a bird-eye view, respectively. The time axis of the bottom
panel ranges between 0" and 1.
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Fig. 6. Slip velocity of Point E, enlarged view of Fig. 4b. Arrows indicate Episodic Aseismic Slips (EASs).
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Recurrence intervals of the Muikamachi fault obtained from a Monte Carlo
simulation (Solid line). The time of the latest event is set to 0. Dashed line
indicates a corresponding lognormal distribution with a mean value of 8443 and

standard deviation of 0.098.
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Fig. 9. Relation between input time of stress step and time to a next earthquake. Top (a) and bottom (b)
panels indicate with ordinate axes of (7°-T)/(7-f) and T°/T, respectively, where the respective
parameters ¢, T and 7~ are input time of stress step, recurrence time interval, and time to the
next earthquake affected by a stress step.
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Fig. 10. The same as in Fig. 4 except that a stress step At of 0.25 MPa is given at time t of 0.317 (dashed line).
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Fig. 11. Slip velocities, enlarged view of Fig. 10b around ¢ = 0.317 (dashed line). The ordinate axis is linearly scaled.
Plots for B and C are hidden by a plot for D. An arrow represents a peak position of EAS at Point E
triggered by a stress step. (b) The same as (a) except for the stress step At of —0.25 MPa.
(@) (b)
-0.9 ; ' -0.9 HE
{ Point E ! PointE
;A 7t=0.25MPa ] A 7 =-0.25MPa]
ot { t=9500-11000y | < t=9500-11000y |
~
%
1A Al
3
1.2t -1.2r
-1.3f -1.3f .
-0.5 0 05 1 -0.5 0 0.5 1
* *
InV-InV INV-InV

FI121K. (@) F10 Kb, c OB LIZREDRARSZA 77T I, 1= 031T Zham & 3% 1500 45 D7 vy F T 5.
RIS 1 OEBRZET. (b) (@) LFEEET Ar=—0.25 MPa D54,

Fig. 12. (a) Phase diagram of point E, corresponding to Figs. 10b and c. The trajectory begins at 9500 y, nearly equal to
the time of stress step, and ends at 11000y. A broken line has a slope of unity. (b) The same as (a) except for

the stress step At of —0.25 MPa.
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Fig. 13. Relation between input time of stress step, ¢, and velocity-peak times of EASs or
earthquake, #,. The parameters ¢ and ¢, are normalized by the unperturbed recurrence
interval, 7 of 6500y. Velocity peaks were read from the calculated results at Point D
with a stress step A t of 0.25 MPa. Solid small crosses and open squares indicate the
peak times of EASs and seismic slips, respectively.
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Fig. 14. The same as in Fig. 5 except that stress step At of 0.25 MPa is given at time ¢ of 0.317.
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Fig. 15. Relation between a velocity-peak time and a peak value of EAS. The peak
time is normalized by the unperturbed recurrence interval, 7 of 6500y.
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Fig. 16. Relation between peak velocity of EAS and time interval to the next peak.
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