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On May, 1997, Sapporo municipality installed three borehole seismome-
ters in Sapporo city to observe microearthquakes in and in its vicinity of
Sapporo. Ueyama company has also installed strong-motion and high-gain seis-
mometers at three borehole stations in and around Sapporo since 1999. We
have collected seismic record from these borehole stations as well as other high-
gain seismic stations operated by various organizations and have determined
hypocenters of 128 microearthquakes (M=0.20 2.8) occurring beneath Sapporo
urban area from May, 1997 to January, 2004. Hypocentral distribution shows
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clusters of earthquakes near the central part and the easternl] southeastern
part of Sapporo. A focal mechanism for one earthquake estimated from P-wave
first motion polarities has nearly eastl] west pressure axis.
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goooOd. 00 (@975) 0, 19730000000000000O00O0O00O0O0O (Hss) oOO
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gooooooooooO00oo0oO0. booooobooooooobogoo Jgsv, ooooo
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gooo. booboobooboboobooobboobooboob, oboosvoooooo
gooooooooboo. oobobobooboooooooboooo, Fig.l0OO0OODODOO
gboboboooboooboooboobobobobooooboo, oboboboboboobooboon
gboboboooboo.
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Fig. 1. Map showing seismic stations used in this study. Study area is indicated in
Table 2. Gray lines indicate active faults (see Fig. 2).
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Fig. 2. Map showing epicentral distribution from
Japan Meteorological Agency (JMA) catalogue
for the period from May 1997 to January 2004
with depthes shallower than 40 km (crosses).
Solid curves trace active faults (Active fault da-
tabase of Japan, from web site of Active Fault
Research Center, Geological Survey of Japan,
AIST). NP: Nopporo fault; IT: Ishikari-techi
Toen fault; TB: Tobetsu fault; MT: Mashike-
sanchi Toen fault. Seismic stations used by JMA
are also shown by the same symbol as Fig. 1.
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goboobobooooooob. b0, obooobooooooobobobobo, booboo
gobobob. obooobooboobobobobooobooooobooboboboboobooboon
gobobobooooobooo, boboboobooooooooboobobobobooobo. oo
ugbo, bobooooobooobooboboboobooo, oo, boboboboboobooboo
gbobobobooboooobooboboboobon.

. ogbobogboobbooboobo

gooo, oo zeobdbooboobobooobobobo, bobboboobooobo
goobobooooobogoooboboobobobo. booboboobobobobobobooobooo
gooobobooo, bgooboboobobob, boboooooobobobobooboobo. o
U, 0obobooooogooobobobobo, boboooboboboboobooog.
go, boboooooooooboooboboooboooooooobobobo, ooboo, O
oo, ooooob (o) boobooooooobooboobDOobooboOon (Fig.1). ODOO
oooooboO0oOd Tablel ODOOOO. OO, ODOOOOOODOOD GPSsOOOODOOO
gooooo, gbocorboboboboboobobobo. obbobobobooboboo, oo
gobobobooooobooobooboboboboooobooobooobooboob. boboo, oboo
gooooob 400000000000 19970 4000000000000DODO, 2004 O
iooooobooobooooooobo. oo, obobobobobobobobobobobobo
goooboo.
o.oogooo

oO0o0o0oooogOo, HSss(@O) O MSK (OOO) DODOOoOOOOoOoDOOOO. HSS

Table 1. Seismic stations in the study area (Table. 2). Cont.: Continuous recording; Trig.: Event trig-
ger recording; Sapporo M.: Sapporo municipality.

Station Resolution Record mode Operating period Sensor depth Network
HSS 16 bit Cont. 1973 Jul. O 25m Hokkaido Univ.
MSK 24 bit Trig. 2001 May [0 2002 Oct.

Cont. 2002 Oct. O 750 m Hokkaido Univ.

MED 22 bit Cont. 1997 Apr. O 509 m Sapporo M.
NKN 22 bit Cont. 1997 Apr. O 502 m Sapporo M.
STz 22 bit Cont. 1997 Apr. U 499 m Sapporo M.
HNB 24 bit Trig. 1999 Jan. O 550 m Ueyama Co.
SNK 16 bit Trig. 1999 Jan. O 2000 Oct.

24 bit 2000 Oct. O 578 m Ueyama Co.
NNP 24 bit Trig. 1999 Jul. O 545 m Ueyama Co.

ENWA 16 bit Cont. 1994 Apr. O 0m JMA
SSTH Cont. 2003 Mar. O 130 m NIED

CTSH Cont. 2003 Mar. O 256 m NIED
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goooooobobbbobbbbobobooboobo, o000 1 HzOOOOoooooooO 25m
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gooooobooboobo, obbobobbooboobboobUoob . ooboobboooobo
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20030 300OOoOoOO wob2sombbooooboobobooobO, ooooboo.
gbooobooboobooboboooooboobboobooboobon, boboobooo.
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@G UDO00O0000O0O00DOO00DbOO MSK (20020 10000) O HNB, SNK, NNP
goboooobobooobooo, i svobooboooboooboooobooboooobobooo
goboobobo, boooooboboboooo, oooboboboboooboo.

goboooooooobobobooboo, bobooboobobobooboobooobooboo, obo
gooooooboo. bobobooobo, bbobooboobo 100000000000
goooopooooooooooo, oog, Ooo, Hi-netdOODDO, OO00ODOOOOOO
0000000 MSK (20020 10000), HNB, SNK, NNPOOOOODO, 10000
000 100winOOODOOODODOOOOOOOOODOOO.

. oogo

oooobDooooboooooooo, winOOOO (OOD0O, 1992) 00O, OO0
googoep0o, SO0, ooboooooooboob. oobg, oboobooobooo
gooob, boooooboooboobooboboobooooboo. oooobo, boboboooboooboo
gbobobo, bobooboobobobobobooooboooooboooo.

400000000000 POOOODOODOOOOODOOOO, HYPOMH (Hirata and
Matsu'ura, 1987) OO0 00000000 OO. ODOOCOOOO, oooooooooo, O
ooMOOD @@971) OoOoOopoOooo. Oooo, OoMODOOO, OODOOODOO
goobobobooooogoooboooo, o-2000.

O0o0000o0oooooooooog, Okadaetal. (1973) DOOOOO (1986), OODO
00 (2003) OO0OO0OO, bOODOOOOOOODODOHssOODOOOOODOOOODOOO
goooooog (Fig.3). HyPOMHODOODOOODODOOODODODO, ODODOOODOO
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gooboooboooooooogg. HssO O
00, Okadaetal. (1973) O0O0OO Vp=4km/s
goboooobuoob, obbbooboobooo
ooooDoO vp=3.0km/s, 00 2kmO 000
OO0 Vpsb5km/sODOOOO0O0O, DOOOO
vpOOO 4km/sO0000000D0. OOOODO
Jooooogd, Okadaetal (1973) 0O0O0O
00 (2003) 000 Vp=55km/sO 00000
goooooboood, 200000 vpOOod
gooooo.

0000000 vpOd 3.0km/s, OOOODOO
o0 2kmO000O0DO, OOODOO VpOODO
gobooooboobooboboobo, oboo
goooboobooo, boobood 100m
oo, bobooo kmOOODOODOOOO.
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Fig. 3. P-wave velocity model for calcula-
tion of travel time in this study (solid
line). Dashed line shows the P-wave ve-
locity model used for routine hypo-
center determination by the ISV
(Institute of Seismology and volcanol-
ogy of Hokkaido University).

gooooooooo. 0o, oooooooo i svoooboobooooobooobooooo
gbobobooooobooobo, obobobooooooboobobo, oboboobooboo

gogoddg, oo oooooooob.

Isvoooooooooooboooo

goooo, boog vpOd 59m/sO000 (Fig.3), OO0D0OD0OODOODOOOODOO
goob, boobooogooboobobobooooooooo.
oooo0oO0osgooooooobooooo, vsooooooooo. oooo, vplivs=1.73
gooooog, 00 (@983) bOUoOo, oboOooO vp/sODODOODODODOODOOOOO
ooo, ooooooooo, vpvsOOODOOOODOOOOD.
goob, oooooboboboooo, ooboboooboboboobooooboooboobobo
gobobobo. bobo, boboboboobooooooo, oboboboboobooboo

O.

ooooog, obosgooooooboooobooooboobooobbooooDobOo, boboooboo
gboboboooobooboobobobobooooobo. boboboboboobooboo
oo, oobboooboobooobbooobooooobo, obobooooooo BLASTOOOO
goo. obo, boogooobo, oboooooboooooo.

oO0ooogo, Table200OOOD0O0DODOO0ODODOOOOOOO, O0ODODDOOOOOOOO.
gooobo, ooooogooooboobo, oobobooooooobOobobobooboo, o
goo0opo0oo0 (Fig.2000000000DODOODODODOOOODO) OOODODOO
gooooooobO0 (oopooobo) boooOoOOobOOoD. DOoobooboooo
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Table 2. Event selection criteria for Sapporo event.

Period Latitude Longitude Depth
May 1997 O January 2004 42.8 0 43.4 141.05 0 141.8 Shallower than 40 km
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o 20 A o - (open circles). Seismic stations (trian-
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gbooooobooob, 19970 5000 20040 1000060 90000000000
O0oooooOoUoooon 12800000 (Table3). ODOOCOO, ODOOOOOOOOO
goooooQo. ooooopooOoQoL, oo MoOooOoO 0.2, 280000

u. ogoo

ooooooooog (Figo4) OO0, OO0O0OO0ODODOOOOOO. Fig.40 ADDDOO,

gooobobooooogoooobooobob, boooooooobobo . oboobo, oo
gooooooob, oboogboooooobooboobooboooboooboobooboobD . oo,
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Table 3. Hypocentral parameters of microearthquakes in the study area. J: listed in the JMA catalogue;
BLAST: event seemed to be quarry blast.

Origin time Latitude Longitude ?ﬁpmt)h Mag. Note Origin time Latitude Longitude D(Eﬁqt)h Mag. Note
1997-05-24 23:39:20.9 43.0548  141.2983 10.9 1.6 2002-04-03 02:11:50.9  43.0277  141.6441 8.1 13 J
1997-06-29 05:41:30.7 42.9484  141.4861 55 1.7 2002-04-09 06:46:08.5 43.0406  141.4264 14.9 1.4 J
1997-07-06 12:37:53.7 42.9198  141.4650 9.8 11 2002-06-02 03:24:58.1 43.0525  141.5396 16.2 1.4 J
1997-10-03 04:38:20.7  43.2703  141.4214 -1.3 1.4 2002-06-14 23:58:21.3 43.0348  141.3224 -0.3 0.5 J
1997-12-03 08:30:50.7 42.9866  141.4701 7.9 15 J 2002-06-15 03:42:50.9 43.0401  141.3140 5.6 0.5
1998-01-04 09:39:32.0 43.3470  141.6431 13.4 1.9 J 2002-08-05 14:02:03.7 43.0115  141.1953 -1.2 0.9 BLAST
1998-02-04 01:35:21.1 43.0530  141.2886 9.3 15 J 2002-08-16 16:25:50.5 43.2047  141.3056 13.1 1.0
1998-02-06 07:19:09.5 43.0097  141.4384 5.8 2.0 J 2002-11-05 16:20:56.6  43.2781  141.5751 17.7 1.7 J
1998-06-13 16:40:40.5 42.8676  141.2455 8.2 13 2002-12-06 07:37:16.4 43.0353  141.4457 14.1 0.7
1998-08-31 10:16:47.3  43.0380  141.3117 11.3 15 J 2003-01-26 23:57:05.8 43.0209  141.3880 141 1.2 J
1998-11-21 11:07:11.2  43.0474  141.2920 11.2 1.1 J 2003-01-30 18:34:29.2  43.1427  141.3457 8.2 2.0 J
1999-02-25 09:07:22.7 43.2323  141.5931 16.4 1.8 J 2003-01-31 23:12:36.3  43.1426  141.3548 11.4 0.8
1999-05-30 13:33:49.4 42.9962  141.4358 9.7 0.7 2003-03-02 17:27:15.2  43.0742  141.5904 6.4 0.3
1999-06-01 11:50:11.2 42.8243  141.1042 -2.3 14  BLAST 2003-03-20 05:03:55.6  42.8854  141.6654 13.2 15 J
1999-06-03 11:46:35.6  42.8818  141.1920 -2.3 1.4 2003-03-27 12:32:31.8  43.0352  141.4623 5.8 1.2
1999-06-26 21:08:24.4 42.8504  141.1875 2.3 0.9 2003-03-27 16:10:53.0  43.0661  141.4215 6.1 1.4 J
1999-08-12 20:33:14.3  43.0746  141.4248 -1.5 0.2 2003-03-28 03:47:52.3  43.0689  141.4357 7.0 0.6
1999-08-20 16:01:14.3 43.0059  141.1844 6.7 1.0 BLAST 2003-03-28 23:56:45.7 43.0662  141.4279 6.6 1.2 J
1999-09-15 16:17:49.5 42.9085  141.2074 -0.8 13 2003-04-06 04:13:47.0 43.1327  141.5895 135 1.9 J
1999-10-06 16:48:58.0 42.8800  141.2609 5.7 1.1 2003-04-06 05:14:56.3 43.1324  141.5954 12.0 15 J
1999-10-16 12:40:44.1 43.0666  141.3002 11.9 11 2003-04-11 20:29:57.6  43.0948  141.5856 15.2 0.9
1999-10-21 07:39:32.2  43.0508  141.3145 11.2 13 J 2003-04-22 10:04:22.9 43.2691  141.1184 31.8 13
1999-10-25 02:42:33.7  43.0708  141.2720 9.8 1.3 2003-04-29 05:54:55.9 43.0016  141.4389 10.1 1.4 J
1999-11-25 02:38:14.7  43.0410  141.3542 -0.6 0.3 2003-05-01 09:26:04.7 43.0321  141.3262 6.9 1.0
1999-12-05 18:51:05.6  42.9977  141.4476 8.6 1.4 J 2003-05-09 14:31:00.9 43.0864  141.4114 2.3 1.8 J
1999-12-14 21:54:24.1  43.3330  141.7019 16.6 2.0 J 2003-05-15 20:16:36.0 42.9920  141.5359 8.1 1.4 J
1999-12-22 13:16:27.4  42.9907  141.4644 4.5 11 J 2003-05-26 12:07:32.2 43.0597  141.4575 51 0.9
1999-12-28 02:40:46.6  43.0431  141.3295 8.6 1.6 J 2003-06-06 00:26:23.6  43.0928  141.4414 115 0.9 J
2000-01-03 09:32:22.4 43.0555  141.2811 9.4 0.6 2003-06-21 11:00:38.4  43.0500  141.4116 12.1 1.3
2000-02-27 10:13:51.8  43.2520  141.4758 11.8 15 J 2003-06-21 11:35:31.8  43.0477  141.3988 131 15
2000-04-06 08:43:00.9 43.0515  141.3158 10.4 1.0 2003-06-27 14:45:09.3 42.8849  141.2617 -2.3 1.4
2000-05-08 19:45:58.6  43.2871  141.2748 111 1.6 J 2003-07-03 08:23:09.3  42.9041  141.2502 -2.3 0.9 BLAST
2000-05-11 02:56:41.6 43.0412  141.3398 75 0.8 2003-07-16 21:43:30.6  43.0295  141.2636 7.0 1.0
2000-05-15 15:59:48.2  43.0426  141.3285 8.3 1.2 2003-07-18 11:51:30.6  42.8957  141.2515 -2.3 0.8 BLAST
2000-09-29 10:55:22.0 42.9053  141.2011 4.5 15 2003-07-20 23:33:20.6  43.0516  141.2890 6.2 1.0
2000-10-18 22:10:08.7  43.0507  141.2982 10.0 1.6 J 2003-07-27 01:19:46.5 43.0267  141.2571 6.5 1.9 J
2000-10-31 03:29:08.6  43.0291  141.3492 10.9 0.6 2003-07-28 18:07:41.4  43.0293  141.2609 5.2 23 J
2000-11-28 11:44:33.9 42.8613  141.2473 3.9 1.2 BLAST 2003-07-29 01:53:52.9 43.0151  141.2819 7.2 0.4
2000-11-30 07:39:44.4  43.0291  141.3427 9.8 1.2 J 2003-07-31 05:25:16.7 43.0254  141.2564 0.7 15 J
2001-01-18 04:20:54.5 43.0398  141.3333 8.0 1.4 J 2003-08-08 09:55:39.6  43.0149  141.2563 7.1 1.2
2001-01-24 11:38:40.7 43.0282  141.3267 8.5 1.2 2003-08-11 11:14:40.8  42.9538  141.2507 -2.3 1.1 BLAST
2001-02-01 01:48:32.1  43.0469  141.3690 3.7 0.2 2003-08-14 07:53:17.1  43.0956  141.4998 20.7 1.6 J
2001-03-20 22:39:26.6  43.0565  141.6023 13.4 1.7 J 2003-08-20 16:24:09.9 43.1248  141.2992 -2.3 1.3 BLAST
2001-04-08 06:52:19.6  42.9917  141.4811 7.7 1.4 J 2003-08-25 02:02:10.1  42.9740  141.0799 -2.3 1.4 J
2001-04-08 06:58:28.5 42.9921  141.4809 7.9 2.4 J 2003-08-27 10:39:13.4 42,9517  141.2146 -1.5 1.0 BLAST
2001-04-08 07:43:29.0 42.9868  141.4878 7.8 1.9 J 2003-08-28 06:38:27.6  42.9772  141.0622 -2.3 2.7 J
2001-04-11 12:24:40.6  42.9928  141.4790 7.7 23 J 2003-08-28 06:50:33.4  43.0055  141.0738 4.5 11 J
2001-05-07 20:19:21.9 43.0516  141.3013 7.7 0.9 2003-08-29 16:32:26.1  43.0198  141.2047 6.0 0.2
2001-05-07 20:36:00.1  43.0525  141.3017 8.1 0.8 2003-09-03 03:29:48.6  43.0018  141.4508 12.8 1.2
2001-07-05 14:33:21.5 42.9702  141.4666 53 1.2 2003-09-13 16:17:08.7 43.0020  141.4328 12.7 1.2 J
2001-09-05 12:24:40.1  43.0817  141.3809 -1.4 0.5 2003-09-20 07:58:15.9  42.8453  141.2550 -2.3 1.0 BLAST
2002-01-04 19:08:20.7 43.0570  141.3353 5.7 0.2 2003-09-22 15:25:46.1  43.0700  141.6254 5.0 13
2002-01-08 16:05:55.8  43.0395  141.4638 15.1 1.1 J 2003-09-23 12:01:01.5 43.1589  141.0598 7.2 0.9
2002-01-19 23:54:29.6  43.3727  141.4284 4.5 1.0 J 2003-09-26 07:59:17.7 43.0899  141.4202 6.2 15 J

Table 3. continued
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Origin time Latitude Longitude D(ﬁ&t)h Mag. Note Origin time Latitude Longitude ?qut)h Mag. Note
2003-10-04 04:02:05.5 43.0040  141.4414 14.0 1.4 J 2003-10-31 18:30:36.1  42.9922  141.5557 6.6 1.4 J
2003-10-04 13:30:54.9 43.0634  141.6162 13.8 1.7 2003-11-10 14:49:52.1 43.1755  141.0687 13.2 1.0
2003-10-08 10:19:14.9 43.0734  141.3188 13.9 2.6 J 2003-11-12 10:55:00.6  43.1700  141.0645 12.4 1.4
2003-10-13 03:14:47.6  42.9835  141.5361 9.6 0.9 J 2003-11-17 21:30:50.4 43.1159  141.5871 8.9 1.4 J
2003-10-13 10:55:15.5  43.1114  141.3727 10.0 2.8 J 2003-11-22 15:05:57.6  43.1101  141.5877 8.5 1.6
2003-10-13 10:55:45.1  43.1098  141.3785 7.6 2.0 J 2003-12-30 10:47:40.4 42.9151  141.6402 12.8 1.1
2003-10-17 14:58:38.3  43.0386  141.3312 55 13 J 2004-01-13 11:01:54.1  42.9267  141.4588 6.5 23 J
2003-10-18 14:43:13.4  43.0449  141.2954 8.1 1.2 2004-01-24 20:44:15.4 42,9803  141.4958 6.9 0.8 J

2003-10-31 07:57:30.0  43.0389  141.4688 15.6 12
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Fig. 5. Histograms of the number of events in each 0.25-second interval of S-P time at HNB
and NNP stations.
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Fig. 7. An equal area lower hemisphere projection of
the first motion data and mechanism solution for
the 2003 October 8 M2.6 event (event "1' in Fig.
4). Compressions of P-waves are represented by
solid circles, dilatations by open circles, and un-
certain arrivals by crosses.

goooooo (oo, O, 1986) DODOOO.

oooo, DooooboOooo0ooboOooo0ooD (mobooo, 1998), DOOoOoDood
O000o0ooooo0o0oooooo. 19850 10 23000, M350000000000
ooo, Doooo nooooooooooooboOon (ue8s) Joooooo. ooogoo
gooboooooooooobooo, boooooobooobobo (Fig.4) ODOODODO, DOOO
oo0oBOOODUOOOODOOOOOO. ODOOOO (198) Dooooooooooo, oo
goboboboooooboooo. obobobooooobooobooobob, bobooobooboo
00 (oo)oooooooOooO. DooooooBOOOOO, OOOO (Fig.20 NP)
goobobooooodgobo. bob, bobooboooooDobOobUobUoboboboooo
go, obobogooooboobgooobooobobobo. obgo, 20030 100 80O 0OO
goooboooboobooboooooooboooboooboooboboobobooboobogD.

goooooo, boboboboboooobooooobooboob, boboboooboooobOobo
gooob, booooogoooboobo. obobooo, oobobobobobooboobooo
gboboooog.

. gbobooobooobogoo
gbobooooooobobobooboooooooobooobobob, booooobooboobo
ooooo (Fig.8). OOOOOOOODOO, OO0 40kmO0C0O0O00OO0DOO, DOODOODO
goboboboooooboooboob. bobobooooboooboobobob, booobooboo
gboboboooooboooboobob, bobooooooboooboobobobobo. boboo
00 kmOOOOOOO, VOOOOOOO, O0OO00OODOOO0OO0OOODOO0ODODDOOOOOOO
goobobooooogoobob, boboboobooboooobobUobobobooobooo
goo. ob, obooogooboobooboboobooLo, oboboboboboobooobooo
goob. boo, ooogooobooboobo, ooooboooobobobobooboo.
gobooooboooob 12sb0bpooobob0, gobobooobooobbogoooboog s



goboooooOooooooooOooobooOooooooo

\ /
\ ] / .
— ) o /a
43°20" 1 20 km ° ] —o i
g 0
2 / f /o/e
’—{ ©
% ®
6 B é} | :
J/@& 500 /(
43°00' &7 - i
b ] o
b | b
o> ] |
T ‘ T AR LA A ALY KA R LA
141°00' 141°30" -50 51015202530
-5 ‘ 3 De
E F pth (km)
_ oy 7 -
E 54 o
< 10 3
e 3 =
s 154 -
8 204 2
25 3
30 4+ T -

Fig. 8. Comparison of hypocenter locations determined in this study (Open circle) to

those from Japan Meteorological Agency (JMA) catalogue (the other end of thin

lines).

327

goooo. oobood, Fig.9oooobo, ObooobDoboboooboooooboo

goboboooo.
goooooo,

gooooooooooooooooooooobobbooboboboobo

(Fig. 10). OO OOOOODOOOOOD, DOOOODOOOOO0. bOooOoobobooooo
U MmOOOODOOOOOOOOOO MeossoaODOOOOooooog,

Mua = 0.81 Myosmioa + 0.00

@

gooboooboogoob. oboo, boobooobbooboobbooboobboobo

ob120000.



328 o0 oOoooo oooo |

/‘ [T |
43°20' 17 e -
/ ]
N C
o
)
,. ooca)oo o
RIS
o e
43°00' - . o -
-
,r Lo
° 0... °
e |
T ‘ ‘ LARR LARR LAARS AL LALL) AL LA
141°00' 141°30' -50 51015202530
_ | ‘ | ‘
g é e " . oo.. ° g Depth (km)
E e “% o
E %
£ 15- e &OOO
8 20
25
30 ‘ T

Fig. 9. Comparison of hypocenters by JMA and this study. Open circles show the
events listed in both IMA and this study. Solid circles show the events listed in this

report only.
3 L L
] JMA_O 81 MYOSH[DA+O'0
2 . .
2 e
E co..: ..
1 . :. :I'
0 v | Fig. 10. Comparison of magnitudes determined
0 "] é 3 by JMA (MJMA) and this Study (MYOSHIDA)- Solid

line shows the linear regression line of Miua 0N
I\/lYOSHIDA Myostipa.



goboooooOooooooooOooobooOooooooo 329

ug.ooboo0D

gbobooooooboobobobobooobooobooboboboboobooobooboobOobo
0, 19970 5000 20040 1000000000 12800000000000, 0OOO
00oo0ooooooo. oogi1999000, D00ooono (o) obooooooooooooo
oooooooo, M<1OOOoOoOOOoOoOoOoOoOoOoOOOOOOOO.O0OOO, ooooo
goboboboooooboooboobobobooboo. boboobooobobobo, oobooboo
goobobooooogooboobo. oboboboooooobob, boboobooooo
gooobobooooog. gboboboboo, bobobooobobobobobo, oooo
goooooooboooboooboobooob. ooboooobooboboobbooboobooo,
goboboboooooboobobooboobooobooooboboboboobooo.

oo poooooo (o) booobo, ooobbooobD, Dooooooboo, oooo
gooooboooboooooob, oooooooboobo. bbb, oo, bobooobooo,
gobooobooooboooboo. ooboboooboooboooobooobobooooon
gooobob, oooog, oboboboobooooooooboooboob, bobooobooobooo
gbobooooboobobobobooooooo, gboboboooboo.

Hirata, N. and M. Matsulura, 1987. Maximum-likelihood estimation of hypocenter with origin time
eliminated using nonlinear inversion technique, Phys. Earth Planet. Inter., 47, 50 - 61.

00 00o0o0o0o0, 1998, JOOoOoOo0oooOopoOooOoOoO0ooO0O0DbD, DOoooooooooOo0o
0, 61, 239-261.

0oooo, 1983. 0O0O0O0O0OOOOOOO Vp/NsOOOO, ODOODODOOOOOOOODOO, 42, 145-
154.

oooo, 1975. 0000000000000 OO00OO0OOO0OO0O0OO0 (@973.7-1974) O, O0OOOO
gooooooog, 34, 55-65.

ooooooo 0,1986.1981 000000000000, ODO0ODOOODOOODODOOODO, 47, 17-31.

Ogata, Y., 2005. Synchronous seismicity changes in and around the northern Japan preceding the 2003
Tokachi-oki earthquake of M8.0, J. Geophys. Res., 110, B08305.

0O 00O, 1986. D0O0OOOOOOODOODODODODOODODODODODOOOODODOOOOO, DOOOO, 31,
295-320.

Okada, H., S. Suzuki, T. Moriya and S. Asano, 1973. Crustal Structure in the Profile Across the
Southern Part of Hokkaido, Japan as Derived from Explosion Seismic Observations, J. Phys. Earth,
21, 329-354.

Okada, Y., K. Kasahara, S. Hori, K. Obara, S. Sekiguchi, H. Fujiwara and A. Yamamoto, 2004. Recent
progress of seismic observation networks in Japan O Hi-net, F-net, K-NET, KiK-netl , Earth
Planets Space, 56, xv-xxviii.



330 o0 OOoooo oooo |

000000000, 1999. 000000000000000000000, 164pp.
00 0O, 2002. 00 12013 0000000000[0000 (B) (2) ]0000000 000000
0000000000000000000 (00000 000, 000000 12558041), 47pp.
000000000, 1985. 19850 10 230000000 (M3.5) 00D00OOOOO, 000000
0ooO0O0ooo, 46, 85-91.

00 000000, 1992. winDOOOOODODODO0DO000000000000000000000000
(00D0), 000000000 199200000, P4l.

00 0O,1971. 000000000000, OO0, 24, 189-200.

0 00,2003. 000000000000000000, 00 120140000000000 [00O0O
00000 ()] 0000000 000000000000000O0000000 (00000 O
0 0O,000000 12792001), 14-62.

0000000 O, 2003. 00O00O00OO0O0OO0OOOO, O000O0O0O000O00000, 66, 1-9.



