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Seismic Activity and Focal Mechanism
Related to 2000 Eruption of Usu Volcano from Regional Seismic Network
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Institute of Seismology and Volcanology, Hokkaido University
(Received January 12, 2001)

Usu volcano located in the southwestern part of Hokkaido erupted on March 31,2000
after 23 years of dormancy. Remarkable both seismic activity and crustal deformation
occurred before and after the eruption, as were similar several previous eruptions of this
volcano. Institute of Seismology and Volcanology (ISV) and Sapporo District Meteorological
Observatory (SMO) deployed temporal seismic networks near the volcano before and just
after the eruption. Using data from these as well as regional permanent seismic networks
operated by ISV and SMO, we determined 1048 hypocenters with sufficient accuracy and 34
focal mechanism solutions of earthquakes larger than M3.2 based on initial P wave polariza-
tions.

The first earthquake was observed at 20h, 27th March and the frequency of earthquakes
increased rapidly, with a small decreasing in the afternoon of 28th, up to the peak in the
evening of 30th. The first eruption occurred at 13 : 07, 31st, in the course of decreasing number
of earthquakes. Hypocenters were confined near the summit of the volcano by the morning
of 29th and then spread gradually around the mountain body by the time when the first crater
opened at the western mountainside of Usu volcano. Half of pressure P-axes of focal planes
show NW-SE direction, however, spatial distribution of P-axes are complicated. A phenome-
non that most of earthquakes occurring in the course of hypocenter spreading have P-axis of
NW-SE direction may be caused by magma movement.
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Fig.1. Map showing the location of Usu volcano (upper) and two
craters newly opened by the eruption on March 31, 2000 (lower).
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Fig. 2. Distribution of seismic stations used
in this study. Circle stations are operat-
ed in Hokkaido by Hokkaido Univer-
sity and in Tohoku by Hirosaki or
Tohoku Universities. Triangle stations
are Sapporo District Meteorological
Observatory. Solid stations are only
used for hypocenter calculation and all
are used for focal mechanism solution
determination.
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Fig. 3. Available time chart for each stations shown in Fig. 2.
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Fig. 4. P wave velocity structure used in the
hypocenter calculation. S wave velocity
is deduced by Vp/Vs=1.73.

Table 1. Station corrections for travel times used in the calculation of hypocenters and
total number of P arrival time data for each station.

Station | Number of P wave | P wave station correction (sec) S wave station correction (sec)
MTYD 637 —0.02 0.29
JMAA 817 —0.01 0.24
NBBT 1097 0.02 0.10
NBB 1017 —0.08 0.51
HSS 983 —0.30 0.78
KCN 1175 —0.08 0.97
SMMK 1173 —0.07 1.30
IMG 1184 —0.21 0.38
YAKM 1213 —0.13 0.85
ESH 1220 —0.27 1.57
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Fig.5. Hourly and cumulative number of earthquakes. a) counted at
JMAA station b) relocated ones in this study.
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F7z, BEHOBEIE, 3A22A82530 H19ZTHOM @K1~ 3) 13, #8 km 29l
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EBRaA ez r L c&#llo ) 5 JMAA ¥ MTYD BRE»Z HFEPICERRM 2BEE L 2 DK
TLZYLTWw3, 2055 JMAA Sofnb-723 A28 B 16 MTYD 28R 247 L7 4
A3 H2BBIZOWTTIHEBELG DWW b Fig. 7TOREMM 2 R &) MRS
N5, MTYD &R 28441 72 29 B 12 REATH# CHEET 2 L BEOR S 4545 T 12 KELIED
Fh, BFEE->THML TR EHIcR25, ZnRBRAS b2 LBbh, BERES
fiEkREBEFIGVETH S, L Liars, BEBROBH LY, SE—EOMERE DAL
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Table 2. Earthquake data whose focal mechanism solution are obtained.

Z
o

date

time

latitude

lognitude

depth(km)

magnitude

strike

. dip slip P strile Pdip | T strike| T dip | stations |score

1 2000/3/28 16:11 | 42.536 140.849 10.3 3.2 1534 89.8 1104 225.1 41.7 81.8 42.0 11 100

2 2000/3/29 17:22 | 42535 140.837 7.2 4.3 290.0 83.4 90.0 20.0 384 200.0 51.6 21 95

3 2000/3/29 18:35 | 42.522 140.851 6.7 3.5 1224 83.8 —154.0 348.9 22.6 253.2 13.4 14 92

4 2000/3/29 19:40 | 42.528 140.836 7.9 3.8 180.2 —28.3 270.3 127.6 27.1 232.7 26.9 16 87

5 2000/3/29 20:01 | 42533 140.838 8.9 3.8 289.8 83.3 97.1 13.5 37.9 207.8 51.3 22 95

6 2000/3/29 23:12 | 42.522 140.846 8.1 4.0 326.4 89.0 96.5 50.0 43.6 242.9 45.6 24 91

7 2000/3/30 0:21 | 42.539 140.832 8.5 4.0 207.1 19.7 116.4 96.4 26.9 255.7 61.6 19 89

8 | 2000/3/30 1:12 | 42532 | 140.832 7.8 4.0 244.9 35.9 132.6 125.1 15.6 245.8 61.4 16 100

9 | 2000/3/30 1:26 | 42530 | 140.857 7.9 3.8 280.8 83.8 150.6 331.0 15.6 233.6 24.9 21 95
10 | 2000/3/30 2:54 | 42533 | 140.834 8.2 4.0 290.1 86.1 106.6 51 38.8 217.2 46.5 25 96
11 2000/3/30 3:20 | 42.529 140.839 9.2 4.3 267.3 61.0 —-179.7 128.3 20.2 226.0 19.8 22 95
12 | 2000/3/30 4:42 | 42528 | 140.834 8.4 3.8 289.5 86.6 109.4 2.0 38.6 218.9 45.0 17 94
13 | 2000/3/30 5:16 | 42529 | 140.831 8.7 3.8 284.2 78.2 172.4 149.6 3.0 240.3 13.7 15 100
14 2000/3/30 8:55 | 42.540 140.833 8.3 35 279.2 58.6 —150.2 133.6 42.0 227.1 3.9 17 94
15 | 2000/3/30 9:12 | 42525 | 140.830 9.4 45 244.2 11.1 154.6 98.3 395 258.4 48.8 26 88
16 2000/3/30 10:09 | 42.538 140.863 10.2 4.1 290.0 74 —90.0 20.0 —52.4 200.0 37.6 21 95
17 2000/3/30 10:32 | 42.526 140.833 8.7 3.8 249.7 72.1 132.5 309.9 16.2 202.6 455 20 85
18 | 2000/3/30 | 11:44 | 42519 | 140.839 8.6 3.9 250.4 50.0| —178.2 107.1 28.1 212.1 25.9 21 95
19 2000/3/30 11:48 | 42.539 140.825 8.6 4.0 44.3 73.3 119.6 112.1 22.7 349.2 524 17 88
20 | 2000/3/30 | 12:37 | 42523 | 140.828 8.5 3.9 237.5 79.7 141.1 292.2 18.0 189.3 34.3 24 91
21 2000/3/30 12:53 | 42.523 140.861 6.9 3.9 82.2 88.2 —166.8 307.8 10.6 216.3 8.0 19 94
22 | 2000/3/30 | 16:42 | 42513 140.842 8.4 4.0 109.8 80.2 -79.8 31.9 53.8 191.1 344 21 95
23 2000/3/30 17:13 | 42.533 140.827 8.2 44 321.1 61.6 174.1 184.2 15.8 281.3 23.6 24 83
24 2000/3/30 18:23 | 42517 140.831 94 4.1 104.3 88.2 —86.7 17.8 46.7 191.1 43.1 22 90
25 2000/3/30 18:51 | 42.517 140.844 9.0 4.4 65.5 71.1 132.1 126.1 15.5 19.1 46.5 14 100
26 2000/3/30 19:30 | 42.534 140.818 8.1 4.0 285.0 89.8 100.2 5.2 43.9 204.9 443 19 100
27 | 2000/3/30 | 20:36 | 42531 | 140.825 8.1 4.0 292.2 65.9 112.0 6.1 18.0 237.3 62.6 20 80
28 | 2000/3/30 | 22:01 | 42533 | 140.820 8.5 3.8 220.3 105 —1624 335 47.2 193.7 41.0 20 90
29 | 2000/3/31 0:01 | 42532 | 140.824 8.9 4.0 285.2 83.6 110.1 357.8 35.5 216.3 476 21 85
30 2000/3/31 1:09 | 42,515 140.836 8.9 3.7 109.2 81.2 —79.1 31.9 52.6 189.7 35.3 18 94
31 | 2000/3/31 7:00 | 42.527 | 140.826 9.5 41 53.7 73.6 168.3 279.8 35 111 19.7 12 91
32 | 2000/3/31 9:05 | 42.535| 140.810 10.3 3.7 265.0 51.7 167.3 128.3 18.4 231.3 34.1 19 89
33 2000/3/31 9:15 | 42.520 140.826 7.7 3.6 110.0 78.0 —90.0 20.0 57.0 200.0 33.0 18 100
34 2000/4/ 1 3:12 | 42,515 140.832 10.0 4.6 75.0 56.6 145.8 309.1 3.3 42.6 46.1 28 92

& ¢ [EIR d 3 EREW ¢ 20 Yy 0002 Mes 2 W <80 BEE g
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Fig. 8. Spatial distribution of directions of Fig. 9. Space-time distribution of P axes
P axes. directions. P axes are located at epicen-

ters projected on S-N section.
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2000 47 3 A 31 HIZ 1977 SELLK 23 FE D IS L 72 BERIL OB X4 -» TRAEL 2 MEICD
WO, EEMERIEOT— S 2HWTEASHRINO3 A27T B 5 4 A 10 HE CORBFEHREL
P AENC & 3 2 5 = X LBOREZITV, £ ORER, 5 R—EOMBEFEENCLIT O L ) LRED*
H DD 5Tz,

WEBHK T, 28 B2 LBBII NI LHMEIZ29 H 16 LRSI NL 1 HED 30 H
20 RRICIIEIC BB A L 72,

BESA T 28 BAZRUILTERRHEMIC A L 2 BESAY, 29 BT 330 & BTk
L, 16 BRtEA & B GBI BN, MR I I ED > CREBOTK & GO LB EhH
HHERIC e ), BRI 1 RERERT ) 31 B 12 e THe < . ARl o 3bERIEEDIE 30 H ARz —BIK
TL, 31HICH A LiEBZBL 4 A1 B TRRT 5. MUkBIE, HMEBBIIIEYD, HARIOM
BIEHTERS N BER TRENICHEIRBEL T 5.

P Bitg) # 4 = X ABOSA TR BRI P (B 2R OHMEFZVWLon,
R —dEA I PE#Z RO A = X ABOFEL, BT EVWEIRLN LW, FRITHL,
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BEAMICTERL T D LIZIZRI CEA 2 7 - 2 bE MR A EIC PHZ R OMES (R
ELTWBZ Edh oz,

AT 72BFRRIC & » T, AERILDBEAKIC - TRE L 2 HEIZ, 29 HED 5 30 BRICH» T T
L DMBLIREL, FOFRERIIEREESFAIGERICBEIL, 22 CRELLBED X H=
ZXLADEEMEF AL, BEBROHEATMEIZEZRLEREZRL TWb I e r-72, 4EHD
WRTIE, HEOBRICBEAENT—F 2R 205, 5%, FHEICHL TTFEREIZIT
L DIEMETHML BRI Z R L ThELy,

BIFE ZOBREPTIICHRN, BEREL AN = X LBOBREICIHERERFBE LN
Bt E AR B 2> §F—C—THAEI N T B EEY F— L BALKSE, LRIKY, FiC
LIRERARENMEBEBRAUENT — 2 2 FHIETEWR, I, 2 A=XLBORET0 TS
LFELRTRFEO/PEEMBEEOER L 2L 02 FEHIE THW 2, iy I —DAREEHHK
B EERERDTFICE, BRI OV THEWZHHBL CTHW ., REXARENENE—KE
HlE+— K ERBEKICIE IMAA E0F— 212 DWW TETE M- THE 2. KRAYHENIT
FroEHE—BFICE, BETV A——BUSDT— s DEROBBHEEC k-2, LUK
BMEBLET.
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Appendix

Focal mechanism solutions projected on lower semisphere. Upper numerals attached to the
diagram are the same as from date to magnitude in the top row in Table 2 and lower ones from strike

to score, respectively.
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2000 3 28 16:11:22 42.536N 140.845E 10.3KM M 3.2

153.4 89.8 1104 2251 417 81.8 42.0 11 100

2000 3 29 19:40:35 42.528N 140.836E 7.9KM M 3.8

180.2 89.8 -28.3 127.6 27.1 232.7 269 16 87

2000 3 30 0:21:21 42.539N 140.832F 8.5KM M 4.0

2000 3 29 17:22:29 42.535N 140.837E 7.3KM M 43

2000 3 29 18:35:27 42.522N 140.851€ 67KM M 3.5

3

2900 83.4 90.0 20.0 384 2000 51.6 21 95 122.4 83.8 -154.0 348.9 22.6 253.2 13.4 14 92

2000 3 29 20: 1: 3 42.533N 140.838E 8.9KM M 3.8 2000 3 29 23:12:13 42.522N 140.846E 8.1KM M 4.0

5 6

289.8 83.3 97.1 135 37.9 207.8 51.3 22 95 326.4 B9.0 965 50.0 43.6 242.9- 45.6 24 91

2000 3 30 1:12:19 42.532N 140.832E 7.8BKM M 4.0 2000 3 30 1:26:34 42.520N 140.857€ 7.9KM M 3.8

207.1 19.7 116.4 96,4 26.9 255.7 61.6 19 89

2000 3 30 2:54:17 42.533N 140.334E 8.2KM M 46

10

2901 86,0 106.6 5.1 38.8 217.2 46,5 25 96

244.9 35.9 132.6 1251 15.6 245.8 61.4 16 100 280.8 83.8 150.6 331.0 15.6 233.6 24.9 21 95

2000 3 30 3:20:18 42.529N 140.839E 9.2KM M 43 2000 3 30 4:42:48 42.528N 140.834E 8.4KM M 3.8

267.3 61.0 -179.7 126.3 20.2 226.0 19.8 22 95 289.5 86.6 109.4 2.0 38.6 218.9 45.0 17 94
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Continued

2000 3 30 5:16:24 42.529N 140.831E 8.7KM M 3.3

2000 3 30 8:55: 3 42.540N 140,833E 83KM M 3.5

2000 3 30 9:12:46 42.525N 140,830 9.9KM M 4.9

2042 78.2 172.4 149.6 3.0 2403 13.7 15 100 279.2 58.6 -150.2 133.6 42,0 2271 3.9 17 94

2442 11,1 154.6 96.3 39.5 2584 48.8 26 88

2000 3 30 10: 9:27 42.538N 140.863F 10.2KM M 4.1 2000 3 30 10:32:19 42,526N 140.833F 8.7KM M 3.8

2000 3 30 11:44:24 42.519N 140.839E 8.6KM M 3.9

290.0 7.4 -90.0 110.0 52.4 200.0 37.6 21 95 249.7 727 132.5 3099 162 202.6 455 20 85 250.4 50,0 -178.2 107.1 28,1 212.1 25.9 21 95

2000 3 30 11:48:17 42.539N 140.825E 8.6KM M 4.0 2000 3 30 12:37:25 42.523N 140.828E 8.5KM M 3.9 2000 3 30 12:53:37 42.523N 140.861E 6.9KM M 3.9

443 73.3 119.6 1121 22.7 349.2 524 17 88 237.5 79.7 1410 292.2 18.0 1893 343 24 51 822 88.2 -166.8 307.8 10.6 2163 8.0 19 94

2000 3 30 16:42: B 42.513N 140.842E 8.4KM M 4.0 2000 3 30 17:13:27 42.533N 140827 BIKM M 4.6

2000 3 30 18:23: 2 42.517N 140.831F 9.4KM M 4.1

109.8 80.2 79,8 31.9 53.8 190, 34.4 21 95 3210 61.6 1741 1842 15.8 281.3 236 24 83 104.3 882 -86.7 17.8 46.7 191.1 431 22 90
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Continued

2000 3 30 20:36:42 42.53IN 140.625€ 8.1KM M 4.0
2000 3 30 18:51:54 42.517N 140.844E 9.0KM M 4.4 2000 3 30 19:30:21 42.534N 140,819E 8.1KM M 4.0

292.2 65.9 112.0 6.1 18.0 237.3 62.6 20 80
65.5 71.1 1323 126 155 191 465 14 100 285.0 89.8 100.2 5.2 43.9 204.9 44.3 19 100

15 3 HEY X X . .
2000 3 30 22: 1:32 42.533N 140,620 8.5KM M 3.8 2000 3 31 0: 1:27 42.532N 140.824E 8.9KM M 4.0 2000 3 31 1: 9: 4 42.505N 140.836E 8.9KM M 3.7

z X . . .. % . .2 812 =79, 8 X . 31
2203 105 -162.4 33.5 47.2 193.7 41.0 20 90 2852 83.6 110.1 357.8 355 216.3 47.6 21 85 109.2 81.2 -78.1 31,9 52.6 189.7 353 13 94

2000 3 31 9 5:34 42.535N 1408108 10.3KM M 3.7 2000 3 31 9:15:12 42.520N 140.926E 7.7KM M 3.6
2000 3 31 7: 0:40 42.527N 140.826E 9.5KM M 4.1

33

265.0 517 167.3 1263 184 2313 34.1 19 89 1100 780 50,0 200 57.0 2000 33.0 18 100
537 73.6 1683 279.8 3.5 113 197 12 91

2000 4 1 3:12:21 42.515N 1408326 10.0KM M 4.9

75.0 56.6 145.8 309.1 3.3 42.6 46.1 28 92



