REAFEEBUKNSFY

Tohoku University Repository

Seimic Structure and Interplate Seismicity of
the Japan Trench Subduction Zone by Ocean
Bottom Seismographic Studies (Extended
Abstract)

aad Hino Ryota, Nishino M, Fujimoto H

oono The science reports of the Tohoku University.
Fifth series, Tohoku geophysical journal

[] 36

[ 2

000 257-259

000 2001-09

URL http://hdl._handle.net/10097/45394




Téhoku Geophys. Journ. (Sci, Rep. Tohoku Univ., Ser. 5), Vol. 36, No. 2, pp. 257-259, 2001

Seimic Structure and Interplate Seismicity of the Japan Trench
Subduclion Zowe by Ocean Bottom Seismographic Studies
(Extended Abstract)

RyoTa Hmwo, M. NisHINO and H. FuriMoTo

Research Center for Prediction of Earthquakes and Volcanic Eruptions,
Graduate School of Science, Tohoku University, Aramaki-Aoha, Sendai 980-857

(Received November 2, 2000)

The Japan Trench subduction zone, east off the northeastern Japan arc, is characterized by
active seismicity accompanied with the underthrusting of the Pacific plate. Maost of the earth-
quakes occurring in this region are considered to be interplate earthquakes with focal mecha-
nisms of a thrust fault type [eg., Umina ef al, 1990 ; Hasegawa et al., 1994]. The seismicity
pattern for more than 20 years revealed by a land seismic network operated by Tohoku Univer-
sity looks temporally invariant, suggesting that the seismic coupling along the plate boundary is
inherently heterogeneous affected hy heterogeneous crust and mantle structure arcund the plate
boundary. Recent ocean bottom seismic (OBS) observations have greatly improved the seismic
structure image of this interplate seismogenic zone and we have obtained several important
evidences that the seismic coupling is allected by Lhe structure of the surroundings.

The 1994 Sanriku-oki earthquake (Mw 7.7) is the most recent large interplate event in the
Japan trench subduction zone. Aftershock distribution of the earthquake precisely located by
using the OBS data defines the geometry of the plate houndary of the entire seismogenic plate
houndary (Hino et af., 2000). The obtained geometry of the plate boundary seems to have close
relations to the heterogeneous slip distribution of the main rupture and also Lo the seismic
structure around the seismogenic zone. Up to the distance of about 100 km from the trench axis,
the dip angle of the plate boundary is nearly constant and less than 10°. The dip angle begins
increasing at 100 km, and is about 30° at the landward end of the aftershock area. The dip at the
landward end is almost the same as those of the double-planed deep seismic zone beneath the
northeastern Japan arc [Ilasegawa et «l., 1978]. In other words, the subducting Pacific plate
starts significant bending at about 100 km landward from the trench axis. Comparing the co-
seismic slip distribution of the mainshock [e.g., Sato el al,, 1996 ; Nakayama and Takeo, 1997],
and the seismic velocity structure of this area revealed by the offshore seismic explorations [e.
g, Tto et al., 2000; Takahashi et al., 2000], it was suggested that such the geometry of the
seismogenic plate boundary has a close relationship with the interplate scismic coupling and the
difference in the materials of the hanging wall side : On the trenchward side of the bending point,
the plate houndary has almost flat with small dip angle (less than 10°), the hanging wall crust and
oceanic crust contact each other across the boundary, and the scismic coupling is weak On the
landward side of the bending, the subducting slab contacts with the wedge mantle of the
northeastern Japan arc with strong seismic coupling along the plate boundary with the increasing
dip angle.

Similar seismic structure of the seismogenic plate boundary, the geometry of the subducting
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plate and the seismic velocity structure of the overriding plate, has also been clarified in the
southern part of the Japan subduction zone [Nishino, 1998]. Almost no background seismicity
in the trenchward area suggests that weak interplate coupling is expected in the area with low
plate boundary dip angle and of crust/crust contact at the plate interface as in the northern part.
Such large-scale variations of seismic structure and interplate coupling must be a fundamental
nature of the Japan trench seismogenic zone. On the other hand, we also found a correlation
between the structure heterogeneity of the subducting oceanic crust and the interplate seismicity
in regional scale.

In the northern part of the subduction zone, interesting seismic cluster activity has been
revealed by the land network data. In the trenchward hall of the seismogenic plate boundary,
where weak seismic coupling is cxpected as described above, almost all the earthquakes, those of
background seismicity, large (M >6) events and their aftershocks, exclusively occur within
several clusters. In 1992, there was a swarm activity of the clusters, including several M 6
events, and an aftershock ohservation using an OBS network was made [Hino et al, 1996]. In
the region of this swarm activity, we also made extensive seismic surveys, multi-channel seismic
(MCS) reflection and OBS refraction surveys, and detailed seismic velocity structure has been
revealed [Takahashi et al., 2000 ; Tsuru ef al., 2000]. Precisely relocated aftershocks using the
OBS data and the obtained seismic velocity model can be directly compared to the MCS reflection
profile to see where those aftershocks actually occur. The relocated hypocenters are concen-
trated almost along the plate boundary imaged by the MCS survey, but looking more in detail,
they seem to occur within the subducting oceanic crust, mostly in the oceanic layer 2. The
oceanic layer 2 may act as a shear zone of the interplate thrusting.

On the seismic records obtained by the OBS refraction survey, we see evident wide angle
reflections from the plate boundary and from the boundary between the oceanic layers 2 and 3 of
the subducting oceanic crust [Fujie, 1999]. Such evident reflected arrivals are observed only in
the area of less background seismicity while they are not clearly observed in the area of active
seismicity. Such locality in the appearance of the reflection arrivals from the plate boundary and
the oceanic crust indicates that the seismic velocity structure is guite inhomogeneous and the
structure heterogeneity can be correlated to the heterogeneity of the seismicity along the plate
boundary.
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