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Abstract

In order to understand aftershock generation, it is important to obtain accurate hypocenter and focal mechanism data

from large numbers of aftershocks. In this study I investigate the hypocenter distribution, focal mechanisms and stress
drops related to aftershocks of the 2003 Tokachi-oki earthquake and the 2000 western Tottori earthquake. Aftershocks

analysed in this study are classified into two groups on the basis of focal mechanism location. On-fault aftershocks occur

on the fault plane of the main shock, whereas off-fault aftershocks occur away from the fault plane of the main shock.

On-fault aftershocks did not occur within the co-seismic rupture area of the main shocks, although they cluster about

the rupture area. On-fault aftershocks of the 2003 Tokachi-oki earthquake occur within areas of post-seismic slip. The

occurrence of on-fault aftershocks within the area of aseismic slip suggests that these aftershocks represent slip along

small isolated asperities.

Focal mechanisms of off-fault aftershocks show spatial variations about the fault plane of the main shock. These trends

reflect the strain field associated with static displacement on the fault plane. The generation of off-fault aftershocks is

therefore interpreted to result from static stress change associated with dislocation on the fault plane.
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NNy FRICEEFSE (TAXRY T 1) DEETDET
LZEFINTIHERMATED ZEARINTND GkI-th,
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DEk & IS FEBEHRL, ABRAEBRDOY AXY T 1 Al
DIRHIREZ KL TWA RN H S, Thbb, K
BOREEBMOMOEOERZMMFET &L, 7
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L —hEHIEBETH S, ZOMBITEDHE, &N, W,
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EEOHEBEIL, 2000 2R SKBENEE, FHEBX
O—H oM EE2 21T 7= (M, 2004). ZOHEICXK
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NTHY, FHHMICIT4m 2B A 5 &I I12EL & (Tanioka
et al., 2004b) .

JeigE HE AR R T, KRBT L — DT il
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WIS U TRIDIZILAIA S (DeMets ef al., 1994), &
TUTHEWEE DR L M8 FiiBe DM 84 L T s (X 2.1
(@). T TIX 2003 FELARTIZ, 1952 4E1T M8.2 DR
IWREL TWS, ZOHEE 2003 FOMEDT AR
FE, WBIEA ON—2a itk BFERDIE
A3x E 7= (Yamanaka and Kikuchi, 2003). F 7=, +Fsiid,
KEHET L — R ORDILAABICEOFEEICEET 540
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1986). DeMets (1992) 1%, T-HaiMA YU IN— DB HE
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etal.,2003) ICXDEHHEIZTNTWNS, Miyazaki et al. (2004)
1% GEONET OF — % ZFWT, ABRHEEZ I HDABOSR
IR0 I EHEE Lz
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Table 2.1 Comparison of moment tensor inversion approach adopted by the NIED F-net routine and
that used in this study.
F-net ) —F > eSS
B e IMA & 0 7) 70w R —FITX DHEE
RS 7y B —FIC K0 HEE Ty R —FIZ XD HEE
koo R — Ty R —FIZ XD H#EE
HRENER o BeR 3 10 5i2L B
1A F-net F-net + Hi-net 582 DDA FH

40°N
141°E
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Fig. 2.1

FTIHELEZMwWIS L EOMBOERSM (B, KEZRKENTKFEET L — b OETTH
f] (DeMets et al., 1994) Z/RY. /NS RENI T BATIA U /N —DHEST i1 (DeMets,1992) % 7R3
(b) 1926 /5 2004 £ 9 H 30 HE TD Mwa3.5 LA EOMEDEI 0, IR D 1 2003 4 i
B, IS AEROMBEOEREZRY. BRIZZPTHIOTZHHL L.

Seismicity data east of Hokkaido, Japan. (a) Tectonic setting and epicenters of earthquakes of magnitude >7.5.
Large arrow indicates motion of the Pacific plate (DeMets et al., 1994), while small arrow indicates motion of
the Kuril forearc relative to the North American plate (DeMets, 1992). (b) Background seismicity (gray dots) and
aftershocks (open circles) of the 2003 Tokachi-oki earthquake. Epicenter locations from the Japan Meteorological

Agency.
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2.2 fRETFE

ZITIE, BIRALE & FEEMHAZ Rk 2 ik
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TarEHWS, AR TIE, BiKEWEF Fnet DE— A >
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(@1l - fh, 1998 : LUK F-net )L —F >) 2B LU THIC
A5,

F-net ) —F > E AR THWZ FIEOMESZ X 2.1
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Fig. 2.2 Sketch of the arrangement of horizontal grids in the CMT inversion algorithm. Open stars indicate initial

epicenter and filled stars represent final optimum centroid epicenter. Filled circles show the candidate

grids searched for centroid epicenter and open circles indicate the temporary centroid epicenter.

N2V REREE T 5. £z Fnet )L —F > TIEBLHEEL
B Fonet DK 3 iaAWERIT THZHDIIHL T, 22
T K BHIF F-net 35 X OF Hi-net 1575862 I 2 5 ad &k D &t
10 SLA EZRITICHW S (85 K FHF F-net 3 K TX Hi-net 12
BIL TITXREITREL <iBRB). 7Y — > BIET, Fnet )L —
F 2 ERERIC, E2210RTHIFHEZ(KE L T, Saikia
(1994 12 £ DI EFE MBI L DR, Z % CMT A > )N —
Ta iTHWA.

PUFIZ, CMT A > )N—=2 3 IZDWTHHICHAT 5.
2T, BB EHAT SRRt > hOA R,
o hOA RN EE—AD b T OV IVRERET DM
HEELT, CMTf@ZRD 5. &2 hOA RIEBLUL
hoA REZNE, 77Uy RY—FIZXOH#EEL, £—
AT ST VIVIRE, &7V v Ric U T AR

G'Gm=G"d (2-1),

EmIZDWTHRS ZETHEET 2. ZZTITHIGIET Y —
CEBTTEASND T I EITH, mIZE—AC T
VIO DRESMSIRDETIVITA, dISERE )
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L, KD VR 252 5MEZ KO bO1 RERET
5. KIZ, ZOROE> MO REBEROEDIZ, #i&FH
HRICHEREZ Uy REREEL TEZ U v RITBIT 51
EHEL, MAD VR 252 20[EZRDD. ZOEEZE
BOIRUITY, REMWICERAKD VR 25 251> oA R
frE (R, &%, #3) BLUt>bhooa REEZB X
VCE—A > T 2V IVRE RS CMT f &3 5.

23 FT—4%

ZZT, CMT A > N—=2 3 VIR LT —412D
WTIRR S, AREFZETIE, B KB Fnet BHEIE S KO
Hi-net B (X 23) TSN izr—y&=/MiHL .
7 S RHIF F-net 13 BRI BIRERY 100 km T, 3 B4 A HF B
el (STS-1/2) BLHERERFEST (VSE-311/355) AVE%
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Table 2.2 Crustal structure described in terms of velocity, density, and seismic attenuation.

Depth Thickness P-wave S-wave Density Qp Qs
(km) (km) velocity velocity (kg/m’)
(km/s) (km/s)
0 3 5.50 3.14 2300 600 300
3 15 6.00 3.55 2400 600 300
18 15 6.70 3.83 2800 600 300
33 67 7.80 4.46 3200 600 300
100 125 8.00 4.57 3300 600 300
225 100 8.40 4.80 3400 600 300
325 100 8.60 491 3500 600 300
425 - 9.30 5.31 3700 600 300

#£23 AT R Ry, AT, B K OVEIRERE
Table 2.3  Frequency bands, time windows, and hypocentral distances used in the centroid

moment tensor inversion approach.

Magnitude M<4 4<=M<5 5<=M<6 6<=M<7 M>=7

Frequency-band(Hz) 0.02-0.05  0.02-0.05 0.01-0.05 0.01-0.05 0.005-0.02
Window-length (sec) 120 180 240 300 360
Hypocentral distance (km)  50-250 50-400 100-500  100-500 500-

45°N 45°N

40°N 40°N

o |
——125°N

Y. 200km  140°F 145°E
T —T T |

30°N Aee? S

30°N I T T
130°E 135°E 140°E 145°E 130°E 135°E 140°E 145°E
©  NIED F-net e NIED Hi-net
(a) (b)
23 BB Fnet(a) & Hi-net(b) OBIMILS 0 . Hi-net IZDWTIE, mEEMEE NG S
NTWDLRDOBERT,

Fig. 2.3 (a) Station distribution of the NIED F-net. (b) Station distribution of Hi-net horizontal-component

borehole tiltmeters.
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HETlZ, BEREEITRERELEZY ZF2—R350E
(MWEE ORI 7 ZF 2 — RIck3) OHIEIZDONT
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Fig. 2.8 Frequency distribution of values of Kagan's angles
determined for the main shock and aftershock moment

tensor solutions.
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Rake :78.8 deg. Mrt: 6.947e+19
Mrf: 1.389e+19
Mtf: -4.083e+19
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VR:73.0

ADM BL
delta: 671km FITEN ]
azimuth: 228 deg. ™[4t el i
Max.Amp: 0.0185m :
VR: 69.8

ONS BL
delta: 792km ] A
azimuth: 216 deg.-=-Yi{p oot Vi
Max.Amp: 0.015Im ¥ N
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24 2003 FHBHHIEOARE (M8.1) O CMT BHEER. E— A T 2VIVRERDIEE—A S BT 2VIVDERRT DK
ST ERY. ERUSBIHEIY, BERIIEREY 2R
Fig. 2.4 Example of the CMT inversion for the 2003 Tokachi-Oki earthquake (M, 8.1). The solid and dashed lines represent observed and

calculated waveforms respectively.
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Moment tensor solutions of earthquakes of magnitude >5.5 compared with Harvard CMT solutions. Moment magnitudes (M,,)
calculated in this study are shown in the left column and those determined by Harvard CMT analysis are shown in the right column.
Differences between the two focal mechanism estimates are indicated by the Kagan's angle. Time is origin time of events given in Japan
Standard Time (JST).
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Fig. 2.6 (a) Initial (open circles) and centroid hypocenter (filled grey circles) locations. Contours indicate the depth of the upper surface of the
Pacific plate (Earthquake Research Committee, 2003). (b) Vertical cross section along X-X' shown on (a). Bold grey line indicates the
upper surface of the Pacific plate.
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Fig. 2.7 (a) Distribution of centroid moment tensor
solutions. The color of each focal sphere
indicates the size of the Kagan's angle between
the focal mechanism of the main shock and
that of the aftershock. Contours indicate the
depth of the upper surface of the Pacific plate

(Earthquake Research Committee, 2003).
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Fig. 2.7 (b) Cross-sections along lines A-A', B-B', and
C-C' shown in (a). Bold grey line indicates

X 2.7 (b)

the upper surface of the Pacific plate.
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Distribution of inter-plate aftershocks. with
a Kagan's angle of less than 30°. (1) and
(2) indicate the main shock and the largest

aftershock, respectively.
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Cross-sections along lines A-A', B-B', and C-C'
shown in (a). (1) and (2) indicate the main
shock and largest aftershock, respectively. Bold
grey line indicates the upper surface of the

pacific plate.
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Fig. 2.11 Distribution of aftershocks with a Kagan's angle greater than 30° and of depth <10 km. Toothed lines indicate
thrusts and thin lines indicate fault traces (Le Pichon ef al., 1984). Bathymetric contour interval is 1000 m.

Arrow indicates motion of the Kuril forearc relative to the North American plate (DeMets, 1992).
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Fig. 2.12 (a) Horizontal variation in Variance Reduction (VR). Open and filled stars indicate initial and optimum centroid
epicenters, respectively. VR contour interval is 5 %. (b) Depth variation of VR. Moment tensor solutions indicate

the optimum solution at each depth.
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Fig. 2.13 Co-seismic slips evaluated by Yagi (2004) and

Honda et al.(2004). Co-seismic slip contour
interval is 2 m. Location of the main shock and
resulting inter-plate aftershocks are also plotted.
(1) and (2) indicate the main shock and largest

aftershock, respectively.
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Fig. 2.14 Distribution of inter-plate aftershocks and post-
seismic slip during the month following the main
shock. Slip contour data is from Miyazaki et al.

(2004). Slip contour interval is 10 cm.
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post-seismic slip following the main shock.
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plate boundary aftershocks and inter-plate
aftershocks, respectively. Slip contour
interval is 10 m. Slip contour data is from
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(b) Distribution of off-plate-boundary and
inter-plate aftershocks and the post-seismic
slip of the main shock. Cross-section along
line X-X' shown in (a). (¢) Enlargement
of area Y-Y' shown in (b). Bold grey line
indicates the upper surface of the Pacific

plate.
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Fig. 2.19 Stress field within landward crust estimated from focal mechanism data. (a) Orientations of the principal axes
of the stress field plotted with lower hemisphere, equal-area projection. (b) Estimated stress ratio. The optimal

stress ratio is 0.55.
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Fig. 2.20 ACFF of aftershocks within the landward crust. ACFF are calculated for a nodal plane (bold line) determined
from the stress tensor inversion algorithm. (a) ACFF calculated using the Yagi model (Yagi, 2004). (b) ACFF

calculated using the Honda model (Honda ef al., 2004). Slip contour interval is 2 m.
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N T EFHEBSRWIE, I5IT, RITXRDEDK WA SHRENELEOWEEZIT /- (MH, 2004).
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ADKFET L — MBI ET 5N TERFLZA Y IN—0D HEEE B L SO RIE FE R AN THA L 2.
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Seismicity within the focal area of the 2000 Tottori earthquake. Earthquakes occurred after 1950, with magnitudes more than 3 are
shown by circles. The star indicates the epicenter of the 2000 Tottori earthquake. Active fault locations are after Nakata and Imaizumi
(2002).
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5.

P IEHIEN DR L 51 & S FEE R 2 K BIITHEE 3 5
72023, BIFEER EICHEICERSEN M T2 0END
5. WUNETIE, BEMNSENIND TRILF—DVNE
< BIREK E2RT P IO BImME O M2 N 555 2
ENREETH 27280, PIEAEIRNED B0 5 FE B R =
ERETHET DI ENHEL W, T OMEZERT 2 HE
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Lal&E EiRkigZ MW 2753k (BHIAIX, Igarashi ez al., 2001)
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Sketch illustrating the correction of a moment tensor

solution in the EGT method. Gray and black focal spheres

Fig. 3.2

show original and corrected moment tensor solutions

respectively. (a) Plane view. (b) Vertical cross-section.
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Fig. 3.4 Distribution of stations and relocated aftershock
epicenters. Filled diamonds indicate stationary stations of
the JMA, Hi-net and Kyoto University. Open diamonds
indicate temporary stations (Shibutani et al., 2004). Gray
dots indicate relocated aftershock epicenters. The star
indicates the epicenter of the main shock. Data from the
MZKH, NITH, and SGOH stations of the Hi-net are used

in the moment tensor inversion.
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Fig. 3.5 Distribution of master events for the EGT method.
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Fig. 3.6 Kagan's angles and variance reductions. Kagan's angles
are calculated for the master events (regarded as the slave
events in this test) and represent the angle between the
original focal mechanisms obtained from P-first motion
analysis, and the moment tensor solutions calculated by
the EGT method. The solid line shows the 68 % frequency

determined at 10% intervals.
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Fig. 3.7 (a) Cumulative frequency distribution of Kagan's angle. (b) Cumulative frequency distribution of the difference

angle for P, T, and B axes.
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Fig. 3.8 An example of moment tensor inversion using the EGT method. (a) Estimated moment tensor solution and distribution of P-wave

polarities. Open and filled circles indicate the dilatational and compressional P-wave first motions, respectively. (b) Observed and
calculated waveforms recorded at stations MZKH, NITH and SGOH.
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Fig. 3.9 Distribution of moment tensor solutions calculated
from the moment tensor inversion approach using the
EGT method.
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Fig. 3.10 Spatial variation in the orientation of P (a) and T (b) axes. The color of the axes indicates axis azimuth and plunge.
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Fig. 3.11 (a) Distribution of MT-type aftershocks (blue focal spheres). (b) Distribution of aftershocks (blue circles) that

occurred on the fault plane of the main shock (gray line).
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Fig. 3.12 (a) Slip distribution determined by Yagi and Kikuchi (2000) and aftershock location upon the fault

plane of the main shock. (b) Slip distribution determined by Sagiya et al. (2002) and aftershock
location upon the fault plane of the main shock.
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Fig. 3.14 Cross-sections along the fault plane of the main shock showing off-plane aftershocks. (a) P and T axes on
the east side of the fault plane. (b) P and T axes on the west side. Slip contour interval is 0.3 m (Yagi and
Kikuchi, 2000).
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Fig. 3.15 Estimate of the site of initial rupture of the 2000 western Tottori earthquake. (a) Initial rupture plane and
aftershocks upon this plane. (b) Enlargement of the square region shown in (a). Red line shows the initial rupture
fault. Blue and red circles indicate aftershocks upon the fault plane of the main shock fault and upon the initial

rupture zone respectively. The star indicates the initial rupture point of the earthquake.
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Fig. 3.16 Cross-section along the fault plane of the main shock, showing aftershocks located upon the fault plane of the

main shock (blue circles) and aftershocks located upon the fault plane of the initial rupture (red circles).
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Fig. 3.18 Distribution of epicenters of percussive seismicity
(Shibutani et al, 2002). Red circles indicate the epicenters
of aftershocks that occurred on the initial rupture of the
fault plane. Red focal spheres are NIED P first motion
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Table 3.1 Comparison of the hypocenter catalogues of Okada et al. (2004) and Fukuyama et al.

(2003). Origin time of events is given in Japan Standard Time.

Okada et al. (2004) Fukuyama et al. (2003) F-O X
Origin time Lat. Lon. Lat. Lon. d(Lat.) d(Lon.)
2000/10/17,
35.2197 133.3879 35.2129 133.3943 -0.0068 0.0064
06:46:56
2000/10/17,
35.3759 133.2922 35.3627 133.2994 -0.0132 0.0072
19:20:30
2000/10/17,
35.3020 133.2922 35.2932 133.2987 -0.0089 0.0064
22:10:49
2000/10/18,
35.1894 133.4213 35.1857 133.4316 -0.0037 0.0103
01:54:29
2000/10/18,
35.3911 133.2963 35.3789 133.3026 -0.0122 0.0063
08:05:12
2000/10/18,
35.2299 133.2933 35.2246 133.2967 -0.0053 0.0035
23:39:34
2000/10/19,
35.3892 133.2664 35.3779 133.2734 -0.0113 0.0070
08:03:41
2000/10/21,
35.3955 133.2968 35.3845 133.3035 -0.0111 0.0067
07:40:38
2000/10/24,
35.2552 133.3767 35.2490 133.3811 -0.0061 0.0044
07:43:34

3 F-O indicates difference between Fukuyama et al. (2003) and Okada et al. (2004)

KU - ftt (2004) 12X 2 DOMNT, HEITKRD 5
NTWLEROBRZEL, BHEOEN (E B
C R Ik 2R MR T NERD T, Fukuyama
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WWRLE, RN TNERET 2720l /- HiE
R IVITRT

A B T R 1 & T AR D AT I HEE S
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7moTav (B3.06). FREETE I &m0 575 2 #)H6
B D AFE ELTE, ZDoEEENE A 5NS. (1)
FEEER I & 552, T30 T D F R E I &

A
2
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WE. REOE—AZ T 2VIVBORMEMEIRE

TR AR 5, )RR T D 7K AL B % 3 i 1 7 g T & B
E—HT22L BEUOTODOHETRAETINEDSR
HEIMMESI DA TR EER S BWZ En G, f)HmE
WilE, ERGEERTE I O — 5O B MIIR AT T K 0 1L
L7=ETd 5 REMED @ .

BB P A M 7R 0 2 RIS TUE, AEFEAERT O 1989 4,
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Fig. 4.1 Aftershocks and station distribution. Diamonds represent
those stations that supplied data used in the spectral

inversion method.
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Fig. 4.3 Residuals, powers of frequency dependence y, and
constant attenuation factors, Q,,,,,. Residuals are

normalized by the maximum residual (yellow star).
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Fig. 4.4 Site amplification factors at stations MZKH, NITH, and SGOH.
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Fig. 4.5 Spectral inversion and waveforms. Figures in the left-hand column show observed (black lines), corrected
(red lines), and synthetic (blue lines) spectrum. Figures in the right-hand column show observed seismogram

data. Red lines show the horizontal components used in the spectral inversion method.
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Fig. 4.8 (a) Distribution and magnitude of recorded stress drops. (b) Cross-section along the fault plane of the main shock.
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Fig. 4.9 Comparison between depth to hypocenter and magnitude

of stress drop.
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Fig. 4.10 Distribution and magnitude of stress drop compared with P-wave velocity profile. (a) Horizontal cross-sections at 4km, 6km, and
10km depth. (b) Cross-section along the fault plane of the main shock. P-wave velocity data is from Okada et al. (2004).
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Fig. 4.11 Spatial and temporal variation in aftershock magnitude. (a) Distribution of aftershock epicenters determined from the NIED Hi-net. (b)

Temporal variation in aftershock magnitude along the fault plane of the main shock.
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Asperity of the main shock and aftershocks located
upon the fault plane of the main shock. (a) Example
of an interplate earthquake: the 2003 Tokachi-oki
earthquake. Slip contour interval for the main shock is
2 m (Yagi. 2004). (b) Example of an earthquake within
the shallow crust: the 2000 Tottori earthquake. Slip
contour interval for the main shock is 0.6 m (Yagi and
Kikuchi, 2000).

AREWE EOREDFEEET V.
Sketch of aftershocks that occurred on the fault plane

of the main shock. Red circles show the small asperity

surrounded the area of aseismic slip. Dashed circle

indicates the large asperity of the main shock. Gray arrows

indicate post-seismic slip vectors.
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Fig. 5.3 P and T axes of aftershocks that occurred away from the fault plane of the main shock. Gray line indicates the fault plane of the main

shock. Gray arrows represent slip vectors on the fault plane. Black circles indicate hypocenters located upon the fault plane of the main

shock. (a) Example of an interplate earthquake: the 2003 Tokachi-oki earthquake. (b) Example of an earthquake within the shallow

crust: the 2000 Tottori earthquake.
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Fig. A.1 Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first

motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach.
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Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first

motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach.
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Fig. A.3 Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first

motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach.
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Fig. A.4 Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first

motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach.



A5

Fig. A.5

REBOIE AR BT B9 — (i

2000/10/19 2000/10/19 2000/10/19 2000/10/19 2000/10/19 2000/10/19 2000/10/19
00:34:55.02 02:05:13.40 02:45:3.90 03:41:19.98 03:55:3.35 04:37:22.51 04:41:35.78
Mag 1.5 VR 62 Mag2.9VR76 Mag1.5VR66 Mag 1.8 VR77 Mag2.0 VR 88 Mag2.7VR73 Mag2.7 VR 57

2000/10/19 2000/10/19 2000/10/19 2000/10/19 2000/10/19 2000/10/19
04:49:48.57 05:40:53.37 06:11:53.04 06:32:54.76 06:45:46.01 06:53:20.21 07:32:21.78
Mag 2.8 VR 72 Mag2.3 VR59 Mag23VR8l Mag2.0VR71 Mag2.0VRS55 Mag28 VR8 Mag2.0VR71

2000/10/19 2000/10/19 2000/10/19 2000/10/19 2000/10/19 2000/10/19 2000/10/19
07:32:58.29 07:34:28.08 08:01:34.43 08:08:0.99 08:36:20.05 09:18:56.90 09:22:48.60
Mag 1.7 VR 62 Mag2.4 VR 84 Mag3.0VR73 Mag 1.8 VR58 Mag3.0 VR89 Mag 1.7 VR53 Mag2.2 VR72

2000/10/19 2000/10/19 2000/10/19 2000/10/19 2000/10/19 2000/10/19 2000/10/19
09:41:8.57 09:52:3.60 10:13:27.10 10:19:0.17 10:21:8.23 10:25:32.05 13:25:7.29
Mag 1.6 VR 73 Mag2.3 VR83 Mag2.1 VR64 Mag2.0 VR63 Mag1.9VR74 Mag2.7VR69 Mag2.7 VR 79

2000/10/19 2000/10/19 2000/10/19 2000/10/19 2000/10/19 2000/10/19 2000/10/19
13:46:39.08 13:47:4.37 13:52:51.52 14:15:5.04 14:53:52.94 17:17:27.80 18:06:58.84
Mag 2.0 VR 74 Mag2.1 VR72 Mag2.1 VR64 Mag2.5 VR88 Mag3.0 VR70 Mag2.1 VR90 Mag 1.5 VR 72

2000/10/19 2000/10/19 2000/10/19 2000/10/19 2000/10/19 2000/10/19 2000/10/19
18:40:57.78 18:41:13.52 18:45:33.97 18:57:56.59 19:18:46.25 19:59:38.56 20:39:10.25
Mag 1.9 VR 78 Mag?2.0 VR53 Mag 1.8 VR59 Mag2.0 VR 66 Mag 1.8 VR79 Mag 1.7 VR 67 Mag2.3 VR 84

WELEE—A T OVINBERLBIENMHEDLEE. EGTHEEZH W) = BRICEKDE—A NT VLA >
N=2aYREVEENTZE—AY T 2 VIURE TEEREE TRT. E— A T2V 2N=2 a3 VIHEHALTY
TRV O P IEAIBME S GO ORT. PIyIEimtE L 2584, 5IE 2 E\ILT/RY. VR I Variance Reduction (%)
Ths.
Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first

motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach.
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Fig. A.6 Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first

motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach.



REBOIE AR BT B9 — (i

2000/10/20 2000/10/21 2000/10/21 2000/10/21 2000/10/21 2000/10/21 2000/10/21
23:52:42.25 00:02:11.22 00:15:13.56 01:36:3.68 02:45:39.83 02:50:41.80 03:35:13.19
Mag 1.8 VR 88 Mag2.3 VR81 Mag 1.8 VR72 Mag?2.0 VR53 Mag24VR59 Mag19VRS51 Mag2.3 VR 69

2000/10/21 2000/10/21 2000/10/21 2000/10/21 2000/10/21 2000/10/21 2000/10/21
03:41:20.29 03:46:51.17 05:09:1.64 05:27:3.03 05:58:27.70 06:13:25.56 06:15:53.42
Mag 2.0 VR 62 Mag2.0 VR78 Mag 1.9 VR52 Mag2.6 VR75 Mag 1.9 VR63 Mag3.1 VR92 Mag2.2 VR 85

2000/10/21 2000/10/21 2000/10/21 2000/10/21 2000/10/21 2000/10/21 2000/10/21
06:25:51.12 06:27:4.61 06:27:19.43 06:31:50.63 06:51:11.04 06:56:53.50 07:38:34.08
Mag 2.2 VR51 Mag 1.8 VR79 Mag 1.7 VR56 Mag2.0 VR69 Mag 1.8 VR 63 Mag 1.4 VR 72 Mag 1.7 VR 56

2000/10/21 2000/10/21 2000/10/21 2000/10/21 2000/10/21 2000/10/21 2000/10/21
07:40:39.14 07:45:29.94 07:50:39.52 07:55:11.95 07:59:33.83 08:01:29.67 08:12:6.31
Mag 3.2 VR76 Mag2.3 VR 63 Mag27VR79 Mag2.0 VR69 Mag2.6 VR 82 Mag2.6 VRI0 Mag 1.9 VR 55

2000/10/21 2000/10/21 2000/10/21 2000/10/21 2000/ 1/21 2000/10/21 2000/10/21
08:50:31.50 09:07:23.74 09:30:32.52 09:37:8.07 09:53:57.98 10:00:0.60 10:27:24.52
Mag 24 VR74 Mag19VR71 Mag19VR67 Mag23 VR84 Mag1.9VRS50 Mag2.1VR86 Mag2.8 VR76

2000/10/21

2000/10/21 2000/10/21 2000/10/21 2000/10/21 2000/10/21 2000/10/21
10:40:19.59 11:18:24.94 11:18:32.75 11:31:57.95 11:32:23.57 11:37:5.67 12:09:8.87

Mag 2.2 VR 81 Mag2.5VR82 Mag25VR78 Mag2.7VR69 Mag1.9VR52 Mag2.0VR75 Mag 1.8 VR 69

AT WELEE—AD T OVIBEMUBIEM LD, EGTEZH W) — VBRICE D E—A b T VIV A >
N=2aYREVEENTZE—AY T 2 VIURE TEEREE TRT. E— A T2V 2N=2 a3 VIHEHALTY
TRV O P IEAIBME S GO ORT. PIyIEimtE L 2584, 5IE 2 E\ILT/RY. VR I Variance Reduction (%)
Ths.

Fig. A.7 Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first

motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach.
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Fig. A.8 Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first

motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach.
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Fig. A.9 Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first

motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach.
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Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first

motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach.
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Fig. A.11
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Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first

motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach.
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Fig. A.12
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Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first

motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach.
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