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Abstract

Northeastern (NE) Japan is located at a typical subduction zone, and many shallow inland
earthquakes occur in this region. In recent years, several moderate earthquakes have occurred in
the land area of NE Japan. The characteristics of these earthquakes are strongly related to tectonic
features in this region. We investigated source processes of these earthquakes using empirical
Green'’s function method.

In Sendai city, a moderate (M 5.0) earthquake occurred on 15 September, 1998. It was located at
the deepest portion of an active fault-Nagamachi-Rifu fault. We used data observed by nearby
strong motion arrays. The spatial extent of the rupture area corresponds to that of the aftershock
area, and the aftershock activity was high in the area with a relatively small amount of slip of the
main shock rupture. We also investigated the source process of the largest foreshock (M 3.8). The
rupture area of the foreshock does not strongly overlap the asperities of the main shock.

Three earthquakes with magnitudes greater than 5 (M 5.9 event at 3: 12, M 5.4 event at 3: 54 and
M5.7 event at 8: 10) occurred on 11 August, 1996 in the Onikobe area near the border of Akita and
Miyagi prefectures. Two days after these events, a M 4.9 event occurred in an adjacent region.
These events were located close to each other, but their mechanism solutions are quite different;
thrust-type faults for M 5.9 and M 5.4 events and strike-slip faults for M 5.7 and M 4.9 events. We used
waveform data observed by the regional strong motion network (Kyoshin-net, NIED, Japan) and the
broadband station network of Tohoku Univ. and JMA. The rupture areas of these earthquakes do
not overlap and the areas with high activity of aftershocks are located at the edge of the rupture
areas and in areas with little slip.
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Fig. 1. Map showing epicenters and fault plane solutions (lower hemisphere projection) of six earthquakes
investigated in the present paper. Solid lines and solid triangles show active faults and active volcanoes,

respectively.
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Fig. 2. (a) Map showing locations of stations used for the inversion of 1998 Sendai earthquake sequence. Solid
diamonds, solid squares, and crosses denote stations of Small-Titan, BRI, and K-net stations, respectively. Open
squares and an open diamond denote the short-period and broad-band seismograph stations of Tohoku University
and JMA. A large cross and small circles show the hypocenter of the M5.0 earthquake that occurred on 15
September, 1998, and its aftershocks (Umino et al, 1999). Bold lines denote locations of active faults. Fault plane
solution of the M5.0 main shock is also shown (lower hemisphere projection). (b) NW-SE vertical cross-section of
hypocenters of the main shock and aftershocks.
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shows a lapse time of each aftershock occurrence after the main shock in days. Star denotes the epicenter of the
main shock.
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Fig. 10. Examples of the observed waveforms for the
empirical Green’s function event (upper trace) and
the M 5.9 main shock (lower trace). The observed
station is AOB. Numerals above traces denote
peak-to-peak amplitude in digits.
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Fig. 11. (a) Slip distribution for the M 5.9 event (solid contour line) and the M5.4 event (dotted contour line). Contour
interval is 1m for both events. Diamond, hexagon, and star show hypocenters of the M5.9, the M 5.4, and the M5.7
events, respectively. Aftershocks with magnitudes greater than 1.5 that occurred in the period from 3: 12 11 August,
1996, to 23: 59 13 August, 1996, are also shown by a solid circle. Line A-B denotes location of cross-section in Fig. 13,
which corresponds to the fault plane of the M5.7 event. (b) Slip distributions of the M5.9 event (solid contour line)
and of the M5.4 event (dotted contour line) projected on a vertical cross section. Contour interval of relative slip is
0.25 for the M54 event and 0.5 for the M 5.9 event. Hypocenters of aftershocks that occurred during five hours after
the M 5.9 event (Umino et al, 1998) are also shown by solid circles.
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Fig. 12. Comparison of observed seismograms (upper traces) with synthesized seismograms (lower traces) for the M 5.9

event.
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Fig. 13. Slip distributions for the M5.7 event (solid contour line) and Aug. 13, 1996, 11: 13 M 4.9 event (dotted contour
line) projected on a vertical cross-section along A-B in Fig. 11 (a). Contour interval of relative slip is 0.25 for both
events. Hypocenters of the M5.7 and the M 4.9 events are shown by star and triangle, respectively. Solid circles and
open circles denote hypocenters of aftershocks of the M 5.7 event during two hours and aftershocks of the M4.9 event

during 12 hours, respectively.
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