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A large, very deep (610 km, Mw 8.3) earthquake occurred beneath the Sea of Okhotsk (24 May 2013)
produced large round motion across Japan. The largest shaking was concentrated along the Sea of Japan
side, which is the opposite of the normal pattern for deep earthquakes in the Pacific plate. 3-D finite-
difference-method simulations of seismic wave propagation confirm that the anti-waveguide effect of
the high-wavespeed Pacific plate push the zone of larger intensity 300 km further to south than might

be expected.
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1. Introduction

The largest known very-deep earthquake occurred in the Pacific
slab beneath the Sea of Okhotsk, west of Kamchatka on May 24,
2013 (610 km, Mw 8.3) and produced large shaking across the
Japanese islands (Fig. 1a). The largest shaking intensity 3 on the
Japan Meteorological Agency (JMA) scale was reported in
northern Hokkaido and in northern Tohoku. The area of felt
reports (intensity >=1) extends to southern Kyushu 3,500 km
away from the epicenter (Fig.1a).

Usually, deep (100-200 km) earthquakes in the subducting
Pacific slab, observed in the epicentral distance range out to
2,000 km, produce larger intensity over the fore-arc side of the
Japan trench subduction zone, extending from Hokkaido to
Kanto (Tokyo) (see Figs. 1b). However, the intensity pattern for
the 2013 Sea of Okhotsk earthquake was different. There was
larger intensity along the Japan Sea side, which is the opposite of
the normal pattern for deep earthquakes in the Pacific slab (Fig.
la). There are two separate zones of larger ground motion in
northern Hokkaido and in Tohoku.

2. Simulation of ground motions for the 2013 Sea of
Okhotsk earthquake

In this study, we investigate the cause of the peculiar low-
frequency (long-period) wavefield and the unusual pattern of
intensity developed by this large and very deep 2013 Sea of
Okhotsk event. We use the 3-D finite-difference method
(FDM) simulations of seismic wave propagation with
heterogeneous crust and mantle structure including the Pacific
Plate subduction zone.

The volume used for the 3-D FDM simulation is 3,360 km
by 1,536 km in the horizontal direction, and 1,200 km in depth.
The model covers the area from the south of Kamchatka to
Kyushu, discretized with a grid interval of 0.5 km in horizontal

direction and 0.25 km in vertical. The FDM simulation was
performed in a cartesian-coordinate system using the
OpenSWPC code (Maeda et al., 2017)[1]. Earth flattening is
applied to compensate for the sphericity of the earth.

We use the CRUST 1.0 model (Laske et al., 2013)[2] and
the depth to the Pacific slab is based on the work of Yokota et al.
(2017)[3]. The distribution of velocity and stochastic random
heterogeneities in the oceanic crust and lithosphere of the
subducting slabs are taken from Kennett and Furumura (2015)[4].
A finite source-rupture model for the 2013 Sea of Okhotsk
earthquake of Wei et al. (2013)[5] described by 391 double-
couple point sources over the fault plane was used.

The 3-D simulation requires 22.8 Tbyte of computer
memory in single precision calculations and wall-clock time of
8.9 hours for modeling wave propagation to 900 s with 100,000
time-steps (Dt=0.009 s) using 2,106 nodes of the Earth Simulator
supercomputer.

The result of the 3-D FDM simulation with subducting
Pacific slabs is shown with a 3-D visualization of the seismic
wavefield (Fig.2). The distribution of the simulated PGV and
record section is compared with the observation in Fig.3.

The result of the PGV distribution across Japan with the
Pacific slab (Fig.3a) is greatly modified from the situation
without a slab (Fig.3b). The areas of larger ground motions
spread to north and south around the 100 km isodepth marker for
the Pacific slab. This explains the peculiar PGV and intensity
pattern caused by the 2013 Sea of Okhotsk earthquake (Fig. 1a).
with a separation of intense ground motions in northern
Hokkaido and in Tohoku at the Sea of Japan side.

3. Conclusions
The modification of the ground shaking occurs due to the
bending of the wavefronts for low-frequency (<1 Hz) seismic
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waves away from the high-wavespeed slab. Such an anti-
waveguide effect of a high-wavespeed subducting slab is very
efficient for low-frequency waves (e.g., Vidale, 1987)[5] in
contrast to the waveguide effect for high-frequency (> 1 Hz)
seismic waves as a result of strong forward scattering in
heterogeneous slab. Thus, for large and distant earthquakes with
dominance of low-frequency signals, the anti-waveguide process
can be expected to override the high-frequency waveguiding.
This combination produces the peculiar PGV distribution of the
2013 Sea of Okhotsk earthquake at regional distances.
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Fig. 1 Shaking intensity on the JMA scale for (a) 24 May 2013
Sea of Okhotsk earthquake (610 km, Mw8.3), (b) 22 Dec. 2000
Kurile islands earthquake (150 km, Mw6.1). The isodepth
contours of the subducting Pacific slab is plotted.
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Fig. 2. Snapshots of 3-D seismic wavefield for the 2013 Sea of
Okhotsk earthquake derived by the simulation using a point
double-couple source, displaying the P and S wavefield in red
and green, respectively, at 36 s, 192 s, 336 s, and 490 s after
earthquake initiation.
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