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Abstract

Recent enhancement of local networks for seismic observation enables us to obtain accurate information
of an earthquake source mechanism just after the earthquake occurrence. An earthquake mechanism obtained
automatically is usually represented by a point source model, which is, however, insufficient to evaluate
strong motion distribution caused by a large earthquake. It is, therefore, very important to specify a fault
plane just after the earthquake occurrence for mitigation of earthquake damage. In this paper we propose two
simple methods designed for rapid and automated determination of a seismic fault plane by using aftershock
data, where one of the nodal planes of the mechanism solution of the main shock is specified to be a seismic
fault plane. In the first method, specification is made by examining fitness of the spatial distribution of
aftershocks to each of the nodal planes. Judgment is made at every aftershock occurrence by comparing
fitting errors between the nodal planes. The nodal plane with smaller fitting error is thus judged to be a
"winner" against the other one at that time. Final specification of the fault plane is made by monitoring the
"win rate" of each nodal plane in the aftershock sequence. The second method is designed to be more
applicable to earthquakes with strike-slip mechanisms. At first a pair of two stations is selected based on the
source-receiver geometry. One station should be located near the strike direction of one of the nodal planes
of the mechanism solution. The other station should be located near the strike direction of the other one. At
every aftershock occurrence, one of the nodal planes is specified as a seismic fault plane by comparing the
variance of S-P times at these two stations. The nodal plane corresponding to the station with larger variance
is judged to be a "winner" against the other one at that time. The "win rate" is also monitored for the final
specification of the seismic fault plane. This method has the advantage of insensitivity to error in hypocenter
determination. We applied these two methods to recent earthquakes accompanied by prominent aftershock
activity and found that the seismic fault plane is successfully specified in a short time after the main shock
occurrence. These methods are still effective for the data obtained from automatic hypocenter determination,
but it takes a relatively long time for specification. It is, therefore, very important to improve the method for
automatic hypocenter determination applicable to a large number of aftershocks in a short period.
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Table 1 Definition of an aftershock area corresponding
to the magnitude range.
Magnitude range Radius
(km)
M < 55 5.0
55 = M < 60 10.0
60 =< M < 65 15.0
65 =M< 170 20.0
70 = M 25.0
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Mechanism solution

x; : i-th aftershock
Xy : gravity center of the aftershock area
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Schematic illustration to explain Method 1 for
specification of a seismic fault plane. (a) A
mechanism solution represented by a focal sphere
diagram. (b) Two planes parallel to nodal planes of
the mechanism solution, which are fit to spatial
distribution of aftershocks. x, is a gravity center of the

Fig. 1

aftershock region and x; is a source location of the i-th
aftershock. S, and S, are the planes for fitting to the
aftershock region including x, and parallel to each
nodal plane. Fitting error is estimated from a root mean
square of the distance from the aftershocks to each
plane.
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Fig.2 Geometry of a nodal plane defined by the strike ¢ and

dip 8, and its normal n= (a, b, ¢).
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Schematic illustration to explain Method 2 for specification of a seismic fault plane.
er geometry among the aftershock region and a pair of two stations used in this method.

(b) RERFNTHWTHE SN2 =R 7213 S-P I ] o i

(a) Source-receiv-
(b) Range of

epicentral distances or S-P times at each station observed in the aftershock sequence.
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Fig. 4 Parameters for selection of a pair of two stations to be

used in Method 2. 64 is a range of difference in
epicentral distances between stations A and B. d¢ is a
rangeof difference in the station azimuths from the
strike of each nodal plane.
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Table 2 List of earthquakes used in this study and results of Methods 1 and 2. Auto and Manual represent the result of
application to the Hi-net automatic data and to the JMA unified data. Results of judgment according to a
criterion mentioned in the text are classified into three groups E, G, and F. Judgment is made in 1 and 2 hours in
cases E and G, respectively. The fault plane could not be specified in case F within 2 hours.

No. Origin time Latitude Longitude Depth Magnitude Method 1 Method 2
Date Time (degree) (degree) (km) Auto Manual Manual
1 2000/10/03 13:30:18.03 35.2572 133.3498 11.3 73 E E -
2 2001/01/12 08:00:04.25 35.4628 134.4928 10.6 5.4 G E -
3 2001/03/24 15:27:54.50 34,1292 132.6962 46.5 6.7 E E -
4 2001/04/03 23:57:12.43 35.0208 138.0973 30.3 5.1 E E -
5 2001/08/25 22:21:25.12 35.1487 135.6628 8.2 5.1 F E -
6 2001/12/02 22:01:55.25 39.3955 141.2667 121.5 6.4 E F -
7 2002/09/16 10:10:49.86 35.3668 133.7420 9.6 53 E E E
8 2002/11/04 13:36:00.02 32.4092 131.8720 35.2 5.7 E E -
9 2003/05/26 18:24:33.47 38.8057 141.6825 70.7 7.0 E E -
10 2003/07/26 00:13:08.24 38.4263 141.1824 12.8 5.9 E G -
11 2003/07/26 07:13:31.43 38.3865 141.1955 13.7 6.3 E F -
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FiElE R2 DA R 9 ITHEA LR (a) BROMR. BiIKFHFO BB T —% EQPTO—TubT—% 2Th
TEIERBDAETRT. (b) BB CTHSNALA NS FIDANZ X LMK NP1 ENP2IZ, WifEHEHZRET 7
WICRBEAMZEESELHETHD. (c) PIRFWIO BB T — 5 1T#EM L2 /ER. NP1 & NP2 D ERZE, KOHE
BIBROREHZE & ZNTNIMR SR, KORKADAHEANWERTRYT. (d) [BITO—ItbT—FIZ#H L 724
Result of Method 1 for Event 9 listed in Table 2. (a) Epicenters obtained from automatic hypocenter determination by NIED
and from the JMA unified data are plotted by black and grey circles, respectively. (b) A moment tensor solution given by
NIED. NPI and NP2 are the nodal planes to be fit to the aftershock area. (c¢) Result for the automatically processed data by
NIED. Temporal variation of fitting errors and win rates of NP/ and NP2 are represented by solid and dashed lines, and grey
circles and white diamonds, respectively. (d) Result for the IMA unified data.
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Fig. 6 Schematic illustration to explain the weight to the event data corresponding to the error in hypocenter determination introduced in

Method 1. E is an error ellipsoid and S is a plane parallel to the nodal plane and contacting with £. A,, A,, and A;and v, Vv,
and v; are the eigenvalues and eigenvectors of the error matrix, respectively.
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