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Afterslip associated with interplate earthquakes and the viscoelastic behavior of rocks
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Abstract

Temporal changes in afterslip displacement rate associated with
interplate earthquakes are investigated using a constitutive law for
the viscoelastic behavior of rocks. The law is based on irreversible
thermodynamics with internal state variables and is derived as the
relaxation modulus following a temporal power law that emerges as
the collective dynamics of internal states with respective relaxation
times at various time-scales. The constitutive law can represent the
transient behavior in response to sudden changes in stress and strain
rate, as well as the steady-state behavior of rocks. Analysis of afterslip
(cumulative displacement) time series estimated from the seismic
moments of small repeating earthquakes in the northeastern Japan
subduction zone shows that the temporal change in afterslip follows a
temporal power law. This finding suggests that afterslip comprises
many transient responses associated with seismic events of various
sizes.

Keywords: viscoelastic behavior, damage mechanics, irreversible thermody-
namics, time-scale invariance, afterslip, interplate earthquake, small repeat-
ing earthquake
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Fig. 1. Spatial distribution of seismic events (depth<<70 km, July
1984-July 2001) and rectangular windows A-L for calculating the
averaged cumulative slip using small repeating earthquakes in the
northeastern Japan subduction zone. Triangles denote the epicen-
ters of three major events in this period. Stars represent large earth-
quakes with M=>6.5. Contours represent the main source areas or
asperities for the three major events (Nagai et al., 2001; Yamanaka
and Kikuchi, 2001, 2004) . This figure is modified from Uchida et al.
(2004).
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Fig. 2. Time-series of averaged cumulative slip from 1984 to 2001 in
the 12 areas A-L shown in Fig. 1. Broken lines represent the occur-
rence times of three major events (/ 7.1 on November 2, 1989,
M6.9 on July 18, 1992, and M 7.6 Sanriku Haruka-oki earthquake on
December 28, 1994) . Short gray arrows indicate the beginning
times of afterslip we analyze in Fig. 3. This figure is modified from
Uchida et al. (2004).
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Fig. 3. Analyses of the afterslip using Eq. (10). Three arrows in B represent the beginning times of minor accelerations (afterslip) we analyze
in Fig. 4. In the area I, afterslip for the M 6.2 event on October 27, 1989 (a nearby earthquake 6 days preceding the 1989 M 7.1 event) was ana-
lyzed.
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Fig. 3. (continued)
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Fig. 4. Analyses for the afterslips in the area B from 1: July 11,
1996, 2: September 11, 1997, and 3: May 21, 1999.
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Fig. 5. Analyses for the afterslip in the area B using the logarithmic
law (D = «a log ¢ +¢) and power-law (log D = B log ¢ +0, i.e.,
D = 10°t#, Eq. 10) [D: (cm); ¢ (year)]. RMS stands for the root
mean square of residual values between the regression curve and
observed data points.
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