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AT S0 T2 RIEHRd= AT 22 TIFHO[0f T2t F2pEIC, e O 2 11 22 0| &
dot= RITS HMeI5t 52 5 0[5t = RITI0) et RAIEEHP|7T oK pi= A2 2 MU
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H=ote A= MZ LE AV[0] 2S5E F & 4= 0|80tH M= X HHY #=0| 7ksottt.
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1 QICHLee et al., 2017).
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3.1.20164 9.12X|ZI(Kim et al., 2016)

20163 98 122 10:44:32 (UTOO ML 5.12] X|TI0| HASIRT, F0]0f 11:32:54(UTO)H A7
RIZ AR 71 2 H2(ML 5.8)2] XIZI0] HHSIALE 010 Wt SA e et fA S E SE52
2 912K 20N SZL22 1.5km BT LRSS0 =2 &y TAIZHO[L{OI| X[EA 22
£ XA 12d MSstuet SXSFLHME FHKCZ 0|54 XITAE EXI5H0 of

38km x 32km A0 27CHS| HLHS ATAE SX[610] YA XIT H=EYS +HJotAT EX|1E Y

Al XIE HEY2 28 6,110 ZAIS XTAE S4 722 7AS(3, S, 3], A, 7HQI T
£ 33718 X FH S0l ERTHS HAGH YA TS A8 HRISIACE 2XZRH TH/k2
YA NTA = TLAH2] 2~4km H L HXI=AL,

AL, HZA 7H AR 6~7km=Z X[ ACH X|T

=22 g2l = 10g 52 7I5E A=E 0850 & 8032/2] 9.12XT9] 0TS Ao
hypoellipse earthquake location package (Lahr, 1999)2t Kim (1999)2] £k 2EE 0|&5t0]

T 2ES sAoit T 28 2its 18 6.120 AR,

Distance (km)
Depth (km)

Depth (km)

Distance (km)
(b) 2

Distance (km)
(a)

1 2 3
Distance (km)
()

9.12K|Zl 0|5 st 8033 01219 (a) FIY L (b) A-A'T} () B-B’ A0j| S 21l 217 Sz
(Kim et al., 2016011 &)

U= 2o =E et 22| HE A=E e+ A H TE 2Y 2%
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2 SPAAIZ 4 QICH D217 79 U BT R WAe] R, S st} KT LR E Sof o

=

3.2. 20084 5¢ 12 == M &M CHX|XI(Wen et al., 2014)
20084 5% 12201 F= M HXIEI(Ms 8.0, Mw 7.9)0] LMD, X

7 3/9] (4Zl0| st
AL}, ZS=X|FH(China Earthquake Administration, CEA)IA = BT ZAIE =

HOZ FA A

HEYS EAol7| 2I510 YA ZTS HELS EX[oIUL =LI0| Leeh = 24A4|2HO[Lol 2XI1E
AIZfSH0] X|IZI0| et 4 HES Wt 92719] YA ZTS HFYS TEoI EXIE YAl
LTS HEAS2 T ZH IRV MR SSE2 01520 K2t /X| 20| 0[FRC
MEY HAITIS HESH| g YA H HAI KT HFY2 T8 6.1300 ZASIICE 927142 A
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ST/ MA| KT BEAE 0 727} 50-4 HkmE
2 XE0| S 22, YAl ZTIS BEYS 0185101 H2
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Permanent station
——  Fault
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Main shock

City
Heishui 9 Mianyang
Maoxian 10 Anxian
‘Wenchuan 11 Jiangyou
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Dujiangyan 13 Pingwu

Pengzhou 14 Guangyuan

Shifang 15 Qingchuan
Mianzhu 16 Wenxian
100 km
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J|)|I

AEH YR K] 220} 1A BY(Wen et al., 2014014 23))

3.3.20094 2t22HE 5 0|€2|oh) Mwé.3 XIZI(Chiarabba et al., 2009)
200951 42 62 1:36 (UTO) Mw6.32] XIZI0] 02 (Abruzzi) KI(0IZ210F SR)0IA 24
5101 2122} DFS T} 241 K20 2 LI5S YRCL OIHREF KIS 44 B SOt KITI0| 7| 2y

=
S| 42 XYO 2 SEeF M2 HHEAZ =l sub-parallel set? &S 7IEICE Mw6.32] 27
LA 012, Mw5.610F Mw5.42] GTI0] 3= TR0 ZA 0| M L4SHRALE,

Ol AFo| YAl AT ELE 22 T M2 SXOIUCH, 240 ALZE JAl & A AT H=Y
2 118 6.140 Attt 2210] 2ot 0|= 58 157K 6,00004 219 (TS XSRS, 10
7l O o] HEA00 7|5 & ©f 3,200712| AITI0]| LA T Z2ES HAISIALE. (TS| T2 |A
YYOZ Of 40km Z0|9| MO LYIA2H, ML2.3 O G 7123(0f Tt T2 O
6.150 EEAISIACE, (TS| fIXl= & LHXIX| 2 HHEQ! If7tL7HPaganica) HHE2 A HE &X
I LR[S
O UM = et XG0 2X1E Al & YAl HZAE 0[&5t0 2009 2F&et XIT 6T
THE 2Foll TE J[otE FEoIUM. 2|1l AT YOl A-SHY BlelEs 2He2M

=
| OfEHIL{L(Apennines) A2 SHHEIS HET Ol2fol 24y kst 2 X

RITIES0 WEEEE
FHoICH,

iF3 128
1

2009 22t X|XI 2A0f| ALRE AA| L QUA| XTI HEUH(AZES) (Chiarabba et al., 20090{A
gr3)

a) 134 13.5°
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42,5

=X 0|5 A|ZHCH & 04FI 2 (Chiarabba et al., 2009014 )

3.4.20034E 78 262 M6.4 L= 0]|0F7|8 S5 X[ZI(Umino et al., 2003)
20034 72 269 12 6.4 X[TI0] Y2 O[0F7 | SE0A] LS 00] et F2tst KRl
T Z2E2 2I5t0 22 FH0H| 13702 LA XX HSYI} 1712 4 S4l ¥4 7|X|(Satellite

communication telemetry station)S MX[GIROH Z|Of K7 LAM(2003EF 7€ 26Y 16:56

UTC, M5.5) &S =2 AIZGIQICH 6T R I HEMs 2A0= 22719 T Q10| HX|=
o7 st X 0tst 7 |& H5tA(National Research Institute for Earth Science and Disaster

Prevention; NIED)2t & 7|4 (Japan Meteorological Agency; JIMA)2| AA| ZSALL A X|
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P o ’ Temporary TM stafion
g © ® Dzta Logger station A 2219 F HE9 2AU SUsHH, =82 X[ T2 Z|i 2 o8l Yot HE &Y
i O Tohoku Univ.
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. @
o 3[' km 385N 38 5N
382N o
20034 78 26 wASH O]0p7 | S5 X|Z12 2FI(M)2t 2|t 72 MTUF) 2 6TI(A)2] 21t
YA KT 2EY A YA KT BHE4(Umino et al., 2003014 &)
O1FI0| TP A £57 43t X7 BEYO| ST URIR MUE PIIO} ST 4=DWS HE
8t single event location method (Hasegawa et al., 1978)S AI23IRICt. 0|5 S| Z™= KT
O T2 I3 6,170 =AISH, (TS| 2E Sl 2810 HEHS FHY o+ US A= MZE
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20034 7€ 26 WAt 0]0F7 |3 S5 XTI 0171 Z 22 (Umino et al., 2003014 &) ot 21 3 HENO| HEHHAE Hol=H =22 & = UL 28 2 S ORI YlislIt

lkeixly R2lo | &9k

o=
BiE




lkeixly R2lo | &9k

o=
BiE

AIZH0] RIHo] mf2t SH5PH ZASI0R 0S4 KZIA MXI7F ZHED A&6 LXIS ARSI S zulsol | - a0l T
OF oI}, 12|11 0|4 X[EIA = 2|4 37K Ol S dX[otH, 4/ME AXE = U= R V=Y 2 Hn 237
Ol AXI5H 371 Y2 840 200° O|2H0| =5 S4 22 S 2[00 i X[SHT, ot 7|21t 7=t
— _ _ — A
LS EIES0| MME S0M XITIS & 2K[3H 4 QLS 510, 7/9f L 7|2 #Hate| Hate K| FI=E]
7127 YN B
CE XA B HXIE FHISIES ST, 0|2 =0 0|34 X[&A AX| Al R Afe2 B 6.40] 4 AF
J(k)r
7|1=0 FULH, 0|34 X|EIA AX|E @loh ZH[cHOF & =5 & AX| Al 7|5 AfdS 242 H 6,52 71 A 2z m7
Bt
s 0|=4] GPS
=1 =)
T3 6.190] HIAISICY, U b A|0]
HOIE|0| T
O|ZA] IR AX| Al 0| AFSHER7|4HTA, 2013) =57t
20| 9l 4t
= 5 450 =L O X
c LESHHEZE Y 5 s Toll =L ST EHH| 1L ghMat
+ ES A A| USB H0I22] S210[8{7} H5/5/0f 0{0F B, <8l =S 289
- BHBE A| 0120 A|0|ET TESS FH|FICY,
+ RIZIZ HIAE OISAIY Lol= 2 RAIoin S5 Chect
- 012 A Al HEEQI) B2 B UR0| HZBIY, PHEARIY 2017.11.28. -
+ RIZIZA MK SX] Al X214 SAOIA] 1mAE HOA X0 LIESIOE H-5 watg solska I CSM AR ST _
HME H-2 ursio) 20| S0, KMA11 BHEE| ZHA(CMG-3T) + 7I24(Q330)
X2 HA 20| 0] ZESE0|LE ARO|S 08310] 4HS HBIC, (Serial No.) (T36395 + 1613)
- TS VIEA| 28 H01SS el = I LSOl ol : .
o KIEA MM 23] A HIEA] YIS O s4H[EH 2 A|0|2S S2asict, 9l () 360795 | Z=() 1293050  I=m) 1341
+ SO XITA A A8 A KT A J”:L—OHJHI% SISt Mx|QR| SO ARIE S} AR Q1T QT 2
o SRBE AN S AT BRE DS -
+ SES TH|5H0] XA MM B 7|20 HE 2 QI3 BIHS Argsitt. BEAt A=A -
+ B 3, XTI M 9 20189 E2t PIXIS BIEA] HfIL, bl
- NIV 0247} LS AL DE FH|O| MYUS 1T CIA| MBSITY,
0S4l XIZIA M| A L3 FHIZ(2E7|AGHTA, 2013)
xH o ZH| 8ol 3|3 Eol T
XIZIH| MA
712
ISESEN
ST
LEE Willard.exe Z2 3 MX|
LFxIHE
= XIRIH MA-7 |27
X o7 Aol
Al 7|=H-REA
%: AF Aol
GPS #A0|&
JBA-LES M o7
o1l 0= USB 21
KA ES o
o1 7o) LANMD} el o1
7|12A-He
HZ Aol




o2k
iy
A
ro

TE/ESTA, 2013, HEEES flet AREEYH| 28 Uiwd, 11-1360395-000384-01,

=E7[8eTA, 2014, 5 - X2V |= K@ & &8 A7 (1), 11-1360000-001120-10, =&

7183, 2017, 912X X AMUSE SsEH1A, 11-1360000-001393-01, 7|4, M=,

Y, 1995, =9 X[Z1 201 et AL, THEFA|=SE=], 31(4), 393-403.

SUTLOFHAEE 2017, 20171 KITHLEAL 2 STA LR KIA; FUTOIH =

Bormann, P., 2012, New Manual of Seismological Observatory Practice (NMSOP-2),
10.2312/GFZ.NMSOP-2, IASPEI, GFZ German Research Centre for Geosciences,

Potsdam.

Chang, S.-J. and Baag, C.-E., 2006, Crustal Structure in Southern Korea from Joint Analysis
of Regional Broadband Waveforms and Travel Times, Bull. Seismol. Soc. Am., 96(3),
856-870.

Dreger, D.S., 2003, TDMT_INV: Time Domain Seismic Moment Tensor INVersion,
International Handbook of Earthquake and Engineering Seismology, 81B, 1627.

Enescu, N., 1996, Seismic Data Processing Using Nonlinear Prediction and Neural Networks,
I[EEE NORSIG Symposium, Espoo, Finland, 1-4.

Hardt, M. and Scherbaum, F., 1994, The design of optimum networks for aftershock
recordings, Geophys. ). Int., 117, 716-726.

Havskov, J. and Alguacil, G., 2004, Instrumentation in earthquake seismology.

Kwak, D.Y.and Seyhan, E., 2018, Development of Peak Frequency-Site Condition Correlation
Models using H/V Spectral Ratio, Geotech. Earthq. Eng. Soil Dyn. V (GEESD V), Jun
10-13, 2018, Austin, Texas.

Kennett, B.L.N. and Engdahl, E.R., 1991, Travel times for global earthquake location and
phase association, Geophys. J. Int., 105, 429-465.

Kennett, B.L.N. Engdahl, E.R., and Buland R., 1995, Constraints on seismic velocities in the

Earth from travel times, Geophys. J. Int., 122, 108-124.

Kim, K.H., Kang, T.S., Rhie, J., Kim, Y., Park, Y., Kang, S.Y., Han, M., Kim, J., Park, J., Kim, M.,
Kong, C., Heo, D., Lee, H., Park, E., Park, H., Lee, S.-)., Cho, S., Woo, ].-U., Lee, S.-H.,
and Kim, J., 2016, The 12 September 2016 Gyeongju earthquakes: 2. Temporary

seismic network for monitoring aftershocks, Geosc. J., 20(6), 753-757.

Kim, M., Yoon, B., Lee, C., Park, K.G., Yoon, W. S., Song, Y., and Lee, T,J., 2017, December,
Microseismic monitoring during hydraulic stimulation in Pohang (Korea) for EGS

pilot project. In AGU Fall Meeting Abstracts.

Kim, S., Rhie, J., and Kim, G, 2011, Forward waveform modelling procedure for 1-D crustal
velocity structure and its application to the southern Korean Peninsula, Geophys. J.
Int., 185(1), 453-468.

Kim, W., 1999, P-wave velocity structure of upper crust in the vicinity of the Yangsan Fault

region. Geosc. J., 3,17 - 22.

Klein, F.W., 2002, User's guide to HYPOINVERSE-2000, a Fortran program to solve for
earthquake locations and magnitudes: U.S. Geological Survey Open-File Rep. 02-
171,123,

Lahr, J.C., 1999, HYPOELLIPSE: A Computer Program for Determining Local Earthquake
Hypocentral Parameters, Magnitude, and First-Motion Pattern (Y2K Compliant
Version). Open-file report 99-23, U.S. Geological Survey, Denver.



Lee, W.-J., Lu,Z.,Jung,H.=S. and i, L., 2017, Measurement of small co-seismic deformation
field from multi-temporal SAR interferometry: application to the 19 September
2004 Huntoon Valley earthquake, Geomatics, Natural Hazards and Risk, 8(2),
1241-1257.

McNamara, D.E. and Buland, R.P., 2004, Ambient Noise Levels in the Continental United
States, Bull. Seismol. Soc. Am., 94(4), 1517-1527.

Nakamura, Y., 1989, A Method for Dynamic Characteristics Estimation of Subsurface using
Microtremor on the Ground Surface, Quarterly Report of RTRI, 30:1, 25-33.

Okamoto, S., 1984, Introduction to earthquake engineering, 2nd ed. University of Tokyo
Press, 629.

Omori, F., 1894, On the aftershocks of earthquakes, ). of the Coll. of Sci., Imp. Uni. of Tokyo,
7,111-200.

Park,S.—C., Yang, H., Lee, D.K., Park, E.H., and Lee, W.-., 2018, Did the 12 September 2016
Gyeongju, South Korea earthquake cause surface deformation?, Geosc. J., 22(2),
337-346.

Rabinowitz, N. and Steinberg, D.M., 1990, Optimal configuration of a seismographic
network: a statistical approach, Bull. Seismol. Soc. Am., 80(1), 187-196.

Snoke, J. A., 2003, FOCMEC: FOcal MEChanism determinations, International Handbook of
Earthquake and Engineering Seismology, Volume 81B, 1627.

Uhrhammer, R.A., 1980, Analysis of small seismographic station networks, Bull. Seismol.
Soc. Am., 70(4), 1369-1379.

Umino, N., Okada, T., Nakajima, )., Hori, S., Kono, T., Nakayama, T., Uchida, N., Shimizu, J.,
Suganomata, J., Gamage, S.S.N., Hasegawa, A., and Asano, Y., 2003, Hypocenter
and focal mechanism distributions of aftershocks of July 26 2003 Mé6.4 northern
Miyagi, NE Japan, earthquake revealed by temporary seismic observation, Earth
Planets Space, 55, 719-730.

Waldhauser, F. and Ellsworth, W.L., 2000, A double-difference earthquake location

algorithm: Method and application to the northern Hayward fault, Bull. Seismol.

Soc. Am., 90(6), 1353-1368.

Waldhauser, F., 2001, HypoDD: A computer program to compute double—difference
earthquake locations, USGS Open File Rep., 01-113.

Wathelet, M., Jongmans, D., and Ohrnberger, M., 2004, Surface wave inversion using a
direct search algorithm and its application to ambient vibration measurements,

Near Surface Geophysics 2, 211-221.

Wen, R., Ren, Y., Zhou, Z., and Li, X., 2014, Temporary strong-motion observation network

for Wenchuan aftershocks and site classification, Eng. Geology, 180, 130-144.

Wood, H.0. and Neumann, F., 1931, Modified Mercalli Intnsity Scale of 1931, Bull. Seismol.
Soc. Am., 21(4), 277-283.



B
od
offl

t

20184 7

ofl
ofl

2018¥ 7

2l



