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2 1
(2-1)Complexity in Faulting of the 2004 Niigata Chuetsu Earthquake
Mori James Jiro
mori @rcep.dpri.kyoto-u.ac.jp
(a)

We studied waveform data from the Niigata Chuetsu and Northern Miyagi mainshocks and some
of the larger aftershocks to study the complexity of the earthquake source. The details of the
rupture process is one of the main factors that controls the levels of high frequency radiation from
the earthquake, and thus it is important for evaluations of the damaging strong-motions from
earthquakes.

)]

We used a finite-fault multi-time-window waveform inversion (Hartzell and Heaton, 1983) of
local strong motion datato obtain a slip distribution model of the 2004 Niigata Chuetsu mainshock
(Mj6.8) and largest aftershock (Mj6.5). The data consisted of three-component ground
displacements (filtered from 1.0 to 20 sec) recorded at 6 stations for hypocentral distances of
about 10 to 25 km from source.

We examined the complexity of the beginning of the ruptures for mainshocks and large
aftershocks of the 2003 Northern Miyagi-ken and 2004 Niigata Chuetsu sequences. A method was
developed to evaluate the complexity, which used the number of zero-crossings observed in the
acceleration waveforms. Using this evaluation, the earthquake ruptures were classified as ‘ simple’
and ‘complex’ events. We looked at 47 eve nts in the Miyagi sequence (Mj 3.3 —6.4) and 147
events in the Niigata sequence (Mj3.1- 6.8).

(c)

1. The results of the waveform inversion of the 2004 Chuetsu earthquake showed a slip
distribution with much of the moment release occurring in a an area about 10 x 6 km?2 near the
hypocenter. There is also another smaller area of slip shallower and about 10 km to the northeast.
This model is rather similar to other models obtained from inversion of the strong-motion data
(e.g. Sekiguchi 2005). These results suggest that the source of the strong-motion in the period
range of a few seconds is mostly near the hypocenter, with a smaller source about 10 km to the
northeast. The rupture velocity is still difficult to resolve, but examination of the waveform fit at
the closest station (NIGHO1), located above the northwest portion of the fault, suggests that the
rupture velocity was about 2.6 km/sec.

2. The waveform inversion for the largest aftershock at 18:34 (Mj 6.5) also shows a model with

most of the slip occurring ina 4 x 4 km?2 area near the hypocenter, which probably represent the
source of most of the strong-motion, in the range of a few seconds.
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3. The analysis for classifying the complexity of ruptures for the Northern Miyagi-ken events
showed that all of the larger (M> 4.3) earthquakes, the eartrhquakes had complex ruptures. For
earthquake smaller than M 4.3 there were both simple and complex events.

4. The analysis of the complexity of ruptures for the Niigata Chuetsu earthquakes showed results
similar to the Northern Miyagi-ken events. For earthquakes larger than M4.6, all of the
earthquakes were classified as complex events and for smaller earthquakes there were both simple
and complex events.

(d)

We studied the detailed rupture process for some recent small to moderate crustal earthquakes
in Japan. We showed that for the small events, there are both simple and complex earthquakes
(evaluated at frequencies of 1 to 10 hz) while the larger earthquakes always have complex rupture
processes. In regards to the source effects on the levels of strong-ground motion, the complexity
of the larger earthquakes implies that such heterogeneity in the rupture plays an important role in
the high-frequency generation.

For the mainshock and largest aftershock of the Niigata Chuetsu earthquake, the slip
distribution obtained from the waveform inversions of the local strong-motion data, showed that
the slip was concentrated in rather small regions close to the hypocenter. As is well know from
many previous studies, the slip is not evenly distributed over the fault plane, and the sources of
high-frequency radiation come from small local regions.

Future work is necessary to clarify the exact locations of the sources of radiation that dominate
the strong-ground motion from moderate and large earthquakes, such as the Northern Miyagi and
Niigata Chuetsu earthquakes. The locations of concentrated slip (asperities) and relation to the
rupture process are necessary elements for the source modeling used in predictions of strong
ground motions for earthquake in Japan.

(e)

1) Hartzell. S. and Heaton T.: Inversion of strong motion and tel eseismic waveform data for
the fault rupture history of the 1979 Imperial Valley, California earthquake, Bull. Seismol. Soc.
Am., 73, pp.1553-1583, 1983.

2) Sekiguchi, H.: Chap. 2.1 Geological Structure and Source Fault, Report by the Japan Society of

Civil Engineering, http://shake.iis.u-tokyo.ac.jp/chuetsu/2-1.pdf, 2005 (in Japanese)
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(e)
1) K-NET (http://www.k-net.bosai.go.jp/).
2) KiK-net (http://www.kik.bosai.go.jp/).

3) Aki, K.: Scaling law of seismic spectrum, J. Geophys. Res., Vol.72, pp.1217-1231, 1967.

4) Irikura, K. and Kamae, K.:Estimation of strong ground motion in broad-frequency band based
on a seismic source scaling model and an empirical Green's function technique, ANNALI DI
GEOFISICA, Vol.37, pp.25-47, 1994,

5) F-net (http://www.fnet.bosai.go.jp/).
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6) lzutani, Y. High-frequency source spectral ratio between large and small earthquakes, 10
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Vol.47, pp.375-382, 1994.
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pp.31-40, 1995.
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, pp.153-156, 1995.
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, 507 /1-30, pp.209-217, 1995.

12) Kanamori, H.: The energy release in great earthquakes, J. Geophys. Res., Vol. 82,
pp.2981-2987, 1977.
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