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Abstract

To better understand the earthquake dynamics of the Japan subduction zone, we investigated
the lateral variations of the seismogenic layer in the crust beneath the Japan Islands using about
30,000 well-located crustal earthquakes (M 1-5). These shallow events (0-20 km depths) were selected
from the Japan University Network Earthquake Catalog (1985-1993) and the aftershocks of the 1995
Kobe earthquake (M 7.2). The hypocenters were relocated precisely using a 3-D ray tracing method
[Zhao et al, 1992] and a 3-D velocity model [Ochi, Asamori and Zhao, 1999]. From the hypocentral
distribution of these events we estimated the depth distributions of the upper and lower boundaries
and the thickness of the seismogenic layer in Japan. Then we examined the relationships among
the thickness of the seismogenic layer, active faults, volcanoes, tomography, and large crustal
earthquakes (M >5.7) from 1885 to 1999. We obtained the following results. (1) There are large
variations in depth range and thickness of the seismogenic layer. There is a trend that large crustal
earthquakes occur in areas where the seismogenic layer changes abruptly. Those areas may
represent weak sections of the crust and so are subject to tectonic stress and are prone to large
earthquakes. (2) The upper and lower boundaries of the seismogenic layer become shallow toward
volcanoes, indicating that the seismogenic layer is controlled by the geothermal regime. (3) The
seismogenic layer exhibits large variations across and along the fault zones. (4) A correlation is
visible between the thickness of the seismogenic layer and seismic tomography, suggesting that
tomographic images of the crust contain the effects of lateral material heterogeneities, as well as
thickness changes of the seismogenic layer. These results may improve our understanding of the
earthquake dynamics and contribute to the assessment and the mitigation of seismic hazards of the
Japan Islands.

Key words: seismogenic layer, crustal heterogeneity, crustal earthquakes, fault zones, seismic tomo-
graphy
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Fig. 1. Distribution of seismic stations of the Japan
University Seismic Network (solid squares). Open
squares show the temporary stations installed
following the January 17, 1995, Kobe earthquake (M
7.2) in southwest Japan (Hirata et al, 1996). NSTA,
number of seismic stations.

NEQ = 27438

DEPTH(KM)
; pad

[
=]

5. %, BonfERENERME (EX<20km, M
>5.7), WEWRE, KLOSGRUCHER NS 57 4 —
(Zhao et al., 1992, 1994, 2000a) & OFHBHIC DWW\ THER
4 5.

2. F—YRUBHE

AWM R L7223, TERL A BEhE Sy &
o 7| CREEKRFHIRTHZCRT, S - fth, 1989) icig#is
NTWV5 1985 5 1993 F DI Foed: L - HE &,
1995 FF LRI (M 7.2) RICHRE S /- BEkt
EENHE (Hirataet al, 1996) Ic X A REMH HRH L.
IhSDOHIE R, EHFEOESH 20 km LI OHEEAIHIE
Th 3,

9, BRAEREORVHIELERT 5201, T
NoDH Yo S IEE N AMEOEBREERESEIT-» 1.
EREIE, - (1999) itk - TRHENIH
AINEEET O 31kt P pEEGSE 2, 3 IRILHR
1BERE (Zhaoet al, 1992) Z{HA L TiT- 7. EBEER
FIFHI MBS ONT% Fig. 1ITRYT. Thoo
B, REERTHIER IR E & hc R RS, 33
& (Hirataet al, 1996) 2SLHIBEFHEHR R » b7~
7 AR T B REDHIE® v & — - BiRlAT D 470 HOE

Fig. 2. 3-D distribution of 27,438 earthquakes used in this study.
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Fig. 3. The number of events per block. The number
scale of earthquakes is shown to the right.
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Fig. 4. Upper boundary of the seismogenic layer beneath (a) Tohoku, (b) Kanto and central Honshu, (c) KyusAhu, (d)
Shikoku and Chugoku. Light and dark colors denote shallow and deep areas, respectively. Open circles denote
earthquakes (M 5.7-8.0, depths 0-20 km) that occurred during a period of 115 years from 1885 through 1999. Solid and
open triangles denote active and Quaternary volcanoes, respectively. Active faults are shown by thick lines. The
depth ranges of the upper boundary and the earthquake magnitude scale are shown to the right and at the bottom,
respectively.
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Fig. 5. Lower boundary of the seismogenic layer. Other labelings are the same as in Fig. 4.
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Fig. 6. Thickness of the seismogenic layer. Other labelings are the same as in Fig. 4.
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Fig. 7. (a) Contour map of heat flow on the Japan
Islands (after Yuhara, 1973). Values are in heat flow
unit (107 cal cm™® s7!). (b) Vertical geothermal
gradient (in °C/100m) on the Japan Islands (after

Okubo, 1993). (1) PEAHER, MEREROE S BE2EICELT
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Fig. 8. Schematic illustration of across-arc vertical cross-section of the crust and uppermost mantle in volcanic areas
of Japan, showing the cause of large crustal earthquakes and its relation to low-velocity zones and magma chambers
in the uppermost mantle (after Hasegawa and Zhao, 1994).
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Fig. 9. P-wave tomography image at a depth of 40km beneath (a) Tohoku, (b) Kanto and central Honshu, (c) Kyushu,
(d) Shikoku and Chugoku. Crosses and circles denote fast and slow velocities, respectively. Solid and open triangles
represent the active and the Quaternary volcanoes, respectively. Large circles denote earthquakes (M 5.7-8.0, depths
0-20km) that occurred during a period of 115 years from 1885 through 1999. Active faults are shown by thick lines.
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