
Soure Model of the Largest Aftershok ofthe 2004 Mid-Niigata Prefeture Earthquake University of Fukui Teuku KhairumanUniversity of Fukui Tetsuya HomuraUniversity of Fukui Takuo Fukui1. IntrodutionAt 17:56 (JST) on 23 Otober 2004, a strong earthquake ofmagnitude 6.8 (MJMA) ourred in the Chuetsu region of Ni-igata prefeture, entral Japan. This earthquake was followedby the number of aftershoks whih has magnitude (MJMA)greater than 6. The �rst large aftershok (MJMA 6:3) o-urred at 18:03 on Otober 23, 2004, the seond (MJMA 6:0)at 18:11, the third (MJMA 6:5) at 18:34, and the fourth o-urred on Otober 27 at 10:40 with a magnitude ofMJMA6:1.The magnitude of these aftershoks is almost same with that ofthe mainshok. As an event smaller than the mainshok, usu-ally the largest aftershok has also a magnitude smaller thanthe mainshok.One of the auses ourred many large events is that themainshok and 4 large aftershoks were generated by the dif-ferent fault planes whih nearly parallel or perpendiular toeah other. The soure faults of the mainshok and the largestaftershok were parallel1).Soure models of the mainshok for this earthquake have al-ready been studied from waveform inversion using strong mo-tion data by many authors. The purpose of this study is to de-termine the soure model of the largest aftershok in a broad-band frequeny range from smaller events using the EGF-method of Irikura2) and ompared with observed reords. Af-ter this, we all the largest aftershok to be simulated as themainshok. Figure 1 presents the positions of the mainshokand aftershok for this study.2. MethodologyThe idea of studying large earthquakes by means of seismo-grams of small earthquakes, used as Empirial Green's Fun-tion (EGF), was introdued by Hartzell in 1978. The mainidea of the EGF method is that the small earthquakes arryomplete information about the properties of propagation pathand loal site effets so that the omputation of these proper-ties is not required. The following numerial equations an beused to synthesize the simulated waveform of the large event

by summing the reords of small events2).U(t) = NXi=1 NXj=1 rrij F (t) � (C � u(t)) (1)F (t) = Æ(t� tij)+ 1n0 (N�1)n0Xk=1 �Æ�t� tij � (k � 1)T(N � 1)n0�� (2)tij = rij � rovs + �ijvr (3)where U(t) is the synthesized waveform for the large event(aeleration, veloity or displaement) and u(t) is the wave-form of the small event.3. Data DesriptionFor the purpose of synthesizing the mainshok motions, weused the observed waveform data reorded at four stations(NIGH01, NIGH11, NIGH12, and FKSH21) of KiK-NET in-stalled by National Researh Institute for Earth Siene andDisaster Prevention (NIED). The loation of the KiK-NET sta-tions are shown in Figure 1 together with epienters of main-shok and aftershok.

Fig. 1 Map showing the loation of KiK-NET stations (square) usedfor analysis and epienters of the mainshok (big star) and af-tershok (small star) was made using the Generi MappingTools (GMT) software. The foal mehanisms of the main-shok and aftershok by F-NET are shown in the right.The seismi moments and foal mehanisms of the main-shok and aftershoks were determined from the F-NET byNIED. In this work, we used two omponents (NS, EW) ael-eration reords of the MJMA 4.8 aftershok at 9:28 on Oto-ber 24, 2004 as the EGF. Soure parameters of the mainshokand an aftershok are listed in Table 1. The range of frequenyused to �lter the waveforms was from 0.2 to 10 Hz.
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Table 1 The information of the mainshok and an aftershokMainshok AftershokLatitude 37.303E 37.213ELongitude 138.932N 138.895NDepth (km) 14 12Mw 6.5 4.8Mo (N�m) 2:93� 1018 9:85� 1015Strike, Dip, Slip 221, 59, 94 210, 53, 95
Fig. 2 Asperity model used in this study. The small star is the rupturestarting point. The big one is the epienter of the mainshokof magnitude 6.5 loated at (37.317E, 138.899N).Figure 2 shows the soure model of the mainshok onsist-ing of one asperity, whih is around the epienter of the main-shok of magnitude 6.5 (MJMA)3).4. Result and DisussionWe assumed an S-wave veloity of 3.5 km/s along the wavepropagation path and a rupture veloity of 2.45 km/s on thefault plane. We obtained the best soure model shown in Fi-gure 2 after several trials. The sale parameter N was esti-mated to be 6. The length, width, and risetime were deter-mined to be 5.48 km, 5.48 km, and 0.6 s, respetively. Therupture starting point was estimated (4,3) as shown in Fig-ure 2. Seismi moment and stress drop were estimated tobe 1:28 � 1018 N�m and 20 MPa, respetively. The simu-lated and observed seismograms of NIGH12 station for NSand EW omponents are shown in Figure 3. At this stationsimulated aelerations and veloity are lose to the the atualreordings. The syntheti and observed displaement wave-form is in good agreement for NS omponents, but for EWomponent the syntheti displaement reords do not mathappearane wise with the reorded omponent. A omparisonof the response spetra at 5% damping presented in Figure 4also shows that these results have no big differene betweenthe syntheti and observed waveforms. In general, the om-parisons of reords at other stations (NIGH01, NIGH11, andFKSH21) were similar although the synthesized waveformsdid not ompletely agree with the observed ones.The differene between the synthesized and observed wave-

Fig. 3 Comparison of observed and syntheti waveforms at NIGH12Station. The blak and gray olors indiate the observed andsyntheti waveforms, respetively.

Fig. 4 Comparison of the pseudo-veloity response spetra (PVRS)of the synthesized motions (gray olor) and those of the ob-served motions (blak olor) at NIGH12 station.forms was aused by the soure region of the earthquakes on-taining omplex geologial strutures and numerous faults andraks related to past tetoni ativities3).5. ConlusionsThe EGF method formulated by Irikura was used to esti-mate the souremodel of the asperity loated on the fault planemodeling of the largest aftershok. Beside geophysial andgeologial fators, the study of EGF method shows that theresults of the simulation are dependent on the seleted after-shok reord and the seletion of the appropriate aftershok,whih an be used as EGF.Referenes1) Shibutani, T. : Aftershok distribution of the 2004 Mid NiigataPrefeture Earthquake derived from a ombined analysis of tem-porary online observations and permanents observations, EarthPlanets Spae, 57 (2005), pp. 545-549.2) Irikura, K. : Estimation of strong ground motion in broad-frequeny band based on a seismi soure saling model and anempirial Green's funtion tehnique, Annali di Geo�sia, 37(1994), pp. 1721-1743.3) Hikima, K. : Rupture proesses of the 2004 Chuetsu (mid-Niigataprefeture) earthquake, Japan: A series of events in a omplexfault system, Geophys. Res. Lett, 32 (2005), pp. 1-5.
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