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We conducted numerical simulation of earthquake generation cycles along the Japan Trench to understand differences between
the middle and southern segments of the Trench in terms of the seismic and aseismic slips on the plate interface and seismic
velocity structures. We represented the presence of the thick, low-velocity channel layer in the south to the value of a frictional
parameter controlling slip weakening in the rate- and state-dependent friction law. Then we efficiently reproduced M9
earthquakes recurring only in the middle, followed by evident postseismic slips in the south. Our results suggested the channel
layer on the subducting plate at the southern segment is important to characteristics of slip behavior between two segments.
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1. Introduction

We have conducted numerical experiments of data
assimilation of crustal displacement data to develop a program
for data assimilation method to estimating slip evolution on the
subducting plate interface along the Nankai Trough and the Japan
Trench [1]. As part of this study, we have also conducted
numerical simulations of earthquake generation cycles [2]. In this
paper, we will report additional simulations focusing on the
southern segment of the Japan Trench [3].

2. Slip distribution and underground structure

Many studies showed that there are conspicuous differences
between the middle and southern segments of the Japan Trench
in terms of the spatiotemporal distributions of interplate slips and
underground structures. The large coseismic slip of the 2011
Tohoku-Oki earthquake was limited to the middle segment
[4,5,6]. In contrast, postseismic slips were predominant in the
southern segment [7,8]. Slow earthquakes are distributed
complementary to the coseismic slip and overlapping the
postseismic slip area [9,10]. The observed negative residual
gravity anomaly area in the southern segment corresponds to the
postseismic slip area [11]. The observed sedimentary units
represent a narrow wedge shape in the middle but exhibit a thin
and broad distribution along the plate interface, forming a low-
velocity channel layer in the shallow part of the southern segment
[12,13,14]. There are spatial correlations among the channel layer,
the negative residual gravity anomaly, and the postseismic slip.

The channel layer is considered to have been developed
following a previously subducted seamount. We considered that
the internal deformation of the channel layer increases the critical
slip distance, similar to a fault gouge layer in laboratory
experiments, which indicate that the layer thickness is positively

correlated with the critical slip distance [15]. Then, we
hypothesize that the large value of the critical slip distance (in this
study, characteristic slip distance, L) spreads on the plate interface

in the southern segment, where the channel layer existed.

3. Method of earthquake generation cycle simulation
Based on our previous study [2], we conducted numerical
simulations of earthquake generation cycles along the Japan
Trench. Seismic and aseismic events were modeled to represent
the release of slip deficit or backslip that accumulates during
interseismic period [16]. Such space-time variations in slip
velocity are assumed to be an unstable slip with a frictional
interface. We used a rate- and state-dependent friction law [17] as
an approximated mathematical model for large-scale frictional
behavior on the plate interface. We used a fault constitutive law
[18] that determines the slip rate for a given stress and a value of
strength. In addition, we used an aging law [17, 19], which can
be considered as an evolution law for strength change, which
varies depending on the prior slip history. We used the realistic
three-dimensional geometry of the subducting Pacific Plate [20].

4. Results and Discussions

We performed calculations over an extensive period
(approximately 5000 years) and identified 7-8 instances of M9
(M = 8.9-9.1) earthquakes with the time intervals of 540-770
years, using four models with different parameter settings.
Considering a gradual variation with a small contrast of L
between the middle and southern segments (Model B1), the M9
coseismic slip propagated southward, and postseismic slip did
not dominate at the southern segment. When we adopted the
steeper segmentation boundary with a small contrast of L (Model
B2), the resulting slip distribution was similar to that of Model
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B1, and postseismic slip quickly terminated.

When the frictional contrast was large (the large value of L,
and a steep change in frictional parameters; Models B3 and B4),
the rupture aera of M9 earthquakes were limited to the middle
segment. Postseismic slip was dominant in the shallow part of the
southern segment and continued for more than 5 years in both
models. The spatiotemporal distributions of coseismic and
postseismic slips of Model B3 were roughly consistent with
observations [7,8]. However, in Model B4, adopting the
extremely large L for the southern segment, the propagation of
postseismic slip to the south would take a longer time than in
Model B3. Consequently, the postseismic slip initiated in the
south approximately 0.5 years after the simulated M9 earthquake.
The delayed onset of postseismic slip is not consistent with the
observation estimated from small repeating earthquakes [21].
Therefore, the temporal distribution of postseismic slip could
constrain the contrast of L between two segments.

By representing the presence of the channel layer as the value
of a characteristic slip distance in the rate- and state-dependent
frictional law, we efficiently reproduced the longer duration of
the postseismic slip of the Tohoku-Oki earthquake, as well as the
spatial distributions of the complementary coseismic and
postseismic slips at the middle and southern segments. This study
suggested the low-velocity channel layer in the subducting plate
at the southern segment along the Japan Trench is important to
different slip behavior between two segments near the trench axis.
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