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Recent seismic activities at active volcanoes in Hokkaido —Tarumaesan—
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A reconstruction of the monitoring system for Tarumae Volcano enabled the transmis-
sion of real-time monitoring data to Usu Volcano Observatory by December 2002. As a
result, seismicity around the volcano in its steady state could now be continuously observed
and the temporal and spatial distribution of background seismicity made clear. From the
seismic data until December 2003, three focal clusters were revealed, one each in a shallow
region beneath the summit lava dome and in the north and south parts of Mt. Fuppushi-dake.
The seismicity beneath the summit dome is concentrated at depths shallower than 1 km
below sea level and consists mainly of micro-earthquakes of magnitudes of zero or less. The
two other clusters locate at depths between 2—3 km below sea level. Earthquakes belonging
to these two clusters are classified as A-type earthquakes according to waveform character-
istics. After the 2003 Tokachi-oki earthquake on September 26, a remarkable seismic
swarm occurred beneath the summit dome and in the south of Mt. Fuppushi-dake. The
swarm beneath the summit dome included several low frequency earthquakes such as the
BL- type and T-type characteristic to volcanic earthquakes. From October 5, eight days
after the swarm in September, steaming activity around the summit dome intensified and
fumaroles on the southwestern face of the summit dome brightened simultaneously. It is
considered that the movement of crustal fluid relates to the excitation process of BL-type
and T-type earthquakes. We estimated the permeability of rocks beneath the summit dome
by assuming that the steaming activity was induced by hot water rising from the focal area
of low frequency earthquakes. The estimated permeability is equivalent to that of the
Tertiary system around Usu Volcano. This result will be valuable as a direct indication of
the participation of crustal fluid in the excitation of low frequency earthquakes.
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LD 72 EDKE KL, HAEDWTE F— 2L 2 AR L 72 1909 FEDIEE) TH 5. 1909 FNHEH D
& & 1955 U F TR TIRBE L ATBE M DR L 7247, 1978 4£~1982 Fi/ME Ak & &
DERBE B & CWTE F— 280~ DOHBSBIE KA HERD S 72 DISHE, FREEIC 1E By ks
BIE DR BB T & 72 (i R B A B L BLITT, 1984 | FLIREX AR A, 1999).

KIMEBEDOBIIZ K LUOYBRBRMAOP TR O BEANLEHAD 1 2 TH 5. kIIEMEDTE
BERXLUNEHELRY 1 DOBEZE L THY STV 5, BRI TIX 1970 4482 & 1980 £
RIDIZ T TORAEB D, RCHIFEBRBOKRCIREIF Tz, L LEIEDLIR
FRAREBIC L BB L 5T, 1996 FE, SBBEEHEIBE > TV B EPHLPICINT
Wh, FARABME, KIS, €/ 7veT 4y 7HMEBELE, KIIREICBRBINLE
RePRE2FOBED LIFLIBNE N, SHRCHMEBEDHLEIILOBHLEE22. o,
BABFEHMOEREEOBREIC L D, BERICIIHERSGI v L EhbN T FRRLUALEE
Br@EicBnTd, EFNICHBERSI RN Z EXWHLIrIZ > TETWSE BIZIE, FHil
1347, 2004).

JEHEIE KRR BB AR FER I B R K LA FE B 2 > 7 —FRRKILB BT (ISV-UVO) T
i3, 2001 REE X DAHTINC B W CAILBRT — SRk v A 7 ADEFESE % BRA L 72, 2003 £k
¥ Tz, MBENLOBA T — 7 ZHEHRXLBNFT (UVO) N TAF AL MERENE L HICE-T
W3, B RAT AL BBHI T > THr o1 E5ERL, BU 3 KT % BIES A 2 #E T
EB L ICh o7z, KUTEBOREIBE~10 FEEDRHA T — NV EFH>TnEI EE2FELS
&, EROLTHERSZERT I 1IF LI HMBZAENICETES, LarL, 1999 FEH,
HITRADED A KO T600CIES & THOREEAVFEDLNL LIt -722 8 HLIREXSR
1A, 2002), 1999 Fic i3 F— 2 BEOEARILEEIC B W T H MAFEB OB R(LoE LA 380 5
NdEHich) WREXERE, 1999), 20034 10 Hicd F—LaMEOERILEELH S 2
LERHIHERINZ L4 L, MANLTRERAN ZBERICERILOEm»RoN TS, 7
HAURELKEREORRED L3I IMEEROERMIRBH LN TE ), BHICRTHIL
BTRIRAD= 72 DERHSETL T B EHR S LT 5 BT, 1999). 20 L) ZRI%E
A, WEEBIZOWTHBREDKIUZ DWW THEITNETH S EF 272, F/2, THIMHED
BERICEF HE L SUHEMBE I RET L4 L, FRINEHRLH 5,

A TIEEE LT 2002 F 12 ALMEOMEFEEIC DWW CREL, BENLEZIC BT 5 HRES
DZERSAT &, 200349 26 HICRAL 2 HBTHEAERIC R o N - B MERES) & REH
REDBRI OB LERLT).

II. 2001 FLARTOMBEFOHS & WBBANEE

BRI B 2 FEEESRRIL, WWIEF—22 58 1.3 km OEHTLIEREIC KT A Ap55k
BEINZ1967F 7 AL DEBE N GLIRERSARS, 1982). 1972 4 LIBIEHE] 1L EER I
EERRFRANC DWW, dLERERER AT (1972) CRHLCEEDLN TV EDTERRTIIERT
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Fig 107 7 73l ERAREIC L » Th 7> F EHEIL0 BRI ER K & 1967 £ L)
MenTEEEEHZRT. ARE CEANUEALOHMETH 5 LHET 5 D DFHIIE#EIL 1994 4F
8 AICEE I N2, £ DHEHETILALMIIC C mARE SN2 Z L 2%, 2000411 H22 BX D&
#HHRB A CRICEE SNz, A SADIBEETREMBETE O IRIE T 5X107 m B k4D S-P
RIS S MR L e bHEL A7 P L TWzh%, 1994 4 8 BLIBOFELE TIIEGr#L (&
N A FICBIT BEMEHOmIRE T 2X107" m Pl Ed D S-P B2 2 BWEAR &, #8HTILICIE <
HESKRECHBENZE AT T 5E9I0% 572, 2000411 A 22 B 6 @EHEINT5 C R
TOXEKER, BHEEOWIRET1 X107"m Pl s> S-P s 2 LN & 3T 5, 2003 ¢
10 A & TO#y 36 F/ TRRE DFHEEEHE £ 7 ¢ HEOREITH 20000 Fi2ET 5.
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Fig. 1. Monthly frequency (vertical solid bars, ten times left axis) and cumulative number (solid
curve, right axis) of earthquakes observed at station JMA-A and JMA-C since 1967. Left
axis also shows monthly frequency of earthquakes averaged over 3 years (solid line with
open circles, left axis). Original data are provided by Volcano Monitoring and Informa-
tion Center at Sapporo District Meteorological Agency (JMA). The counting criterion for
volcanic earthquakes of JMA was changed on August 1, 1994. The old criterion required
peak-to-peak amplitude more than 0.05 xm and S-P time shorter than 4.0 s at station JMA
-A. The new one required peak-to-peak amplitude of 0.2 um and S-P time shorter than
2.0 s. New station JMA-C was built on the northern slope in November 2000, after which
station JMA-A fell into disuse. The present criterion for JMA-C requires peak-to-peak
amplitude of 0.1 gm and S-P time shorter than 2.0 s. Solid triangle and attached broken
line indicate a small eruption and an ensuing active period from the late 70’s to the early
80’s.
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HMBAMERNE D7 F 7 8L UCANBERE. 3 £FEEICERT 2 &, BRILOWERERIX()
1960 SEA%~1982 47, (2) 1983 4£~1995 4F, (3)1996 £~ 3 DDRHHIC XS5 TE 5,

(VORI EBIEEE G2 I2E o T BIC A 72 5, 1978 48 5 Fic i3/ NE kS
U osime CREIK TR S N2 7 &, RO 2 XLTEENC b ERALTRL S 2R Th - 72, 1981
£2 B3 EEHHERILL, 1118 BOMESH 7> P 3N T2, IEAIZHSLD 1975 F &
1976 4Ei2 i3, dLHERESLH T RIRFEAIC & > TAINMHRBOBESMA EHET H72HD 1) 288
4 FPEADERS N, WTEXOFEEBEHNORS 0 ~ 2 km fHEICEEI#ES R (RH - £EA
i, 1977). 1981 4F 7 Bz i3 ERRF LA HLIRE R KR BIC & » TITHiL, RIEVREL CINTEA DR
W F—saodevEilic 10 BoBE #E I N GUIREREASRE, 1982), dbimEFEYIRic &
HHEFERND 1978 F5 A L VB3I N, M3 (198]) ic & 2 BMEHEEDRR TH IUTHA
CUROPER A & JEPEHlc BiE e S Lz,

Z D1k 1982 £ D 58 13 FMIZCN MBS FFEIICA S, 1983410 A3 F—LHEER
HEEEAILE CIRABENERILHERD & /2 hs (AbiEE RSB A RO BRIRT, 1984), R
EHDMEEEUL ZNF T 80 BILILEA, S 10 MEATFIc#ELIAAN, L EBVERILELCER
R HMENSBAIE N, RWSBEE L RBICERL T2 GLIRERARS, 1999).
Z OB K INVEHEIEENC DWW T3, 1984 3 T3 RITML BRISA I RO LNLTEY, wih
L WTH F— 20 W 500 m DHKEMEZFBEEOFLE LTS Z EHIRENTW S (FhiEE
KEBZIAZRANBBIFT, 1984). 1988 SFiC I3 HBOMPHERD & 7o 5 FHFEMEREIS BN
N, —EMICHBEBELE S - 2 (AbEERFEEMARR QLB R, 1988).

G)DHAMIZ, 1996 FE» LHEICE S £ COMEEHFBUERILL 2REICH 72 5, 1998 4
B bl 14 A& 72 ) oz 80 MIRTHIC  TRmL, 13T 1982 FLIFTD L~ LR - T
w5, HEREBOERLE T, IREXARE TIRUEADRZ R0 E L SEOMERTIC &
% ERR ER B & 1998 AT - 72 (AL ERX KRB, 1999). IWIH F— 2% 548 2 km LIAIC 10
HOBMBHRUNSFHIT 22 2T, IHKOBIRBTREL T 5 & F 2 515 HE 598 M 2
n, 2o b BEORELHE SN2, Z OBERER CHE S N2 BIRSAAIIHEIZ 2 (1981)
RALHEERFEEIRA TR LAY (1984) I L D HESINLBESHICE L, WHF—
L DB 500 m AHE % Ul & L 22 BB BKEEMIRICER LT3, F1&KE 1999 F4 63
TEAOE %l & L 2 BEVER 2RI T b, IIHERIRR T BB ORI Lo 2
LNB &Il GLIRERX AR S, 2001). EHBE AL 2000 4 11 RicBEHFD A 5 b, &
NBRIGEGENR W C BRI N FIRERSARE, 2002).

I 2002 £ 12 A LA B R R ERA

ISV-UVO Tid 2000 SFEERK & 0 LHRER) 4 EDT— SRR AT LDEH ML, ABILD
2000 FEK THURTL T2 UVOND Y T I A4 LT — 758 % 20024F 12 H L ) BEL 72,
2001 £ 54 &5 2003 SEFEIC 21 TR R ILBIR S O BERH ke # Bl /o528, 2003 48 11 ABE
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Fig. 2. Location map of seismic stations on and

around Tarumae Volcano operated by ISV-UVO
as of December 2003. Solid circles and squares
correspond respectively to permanent and tempo-
rary stations, from which all monitoring data are

sent to UVO in real-time.

BETIE, BlEoPiRokBE
B NER L & HFREN Lo BEIC G U g
PHEEZEL T3, —iCEEROERY
HMEF (L-4C-3D) & L BE#HEMERF
(STS-2, CMG-40T) #%EL T3, —I
DERHETIZ, RBEICHEEST (JEP-6 A 3,
SBEPI) #43k L T\» %, 2003 4 12 ABUEIC B
BRSO MR R SRR B L UGRERS
23E Table1icF iz, BREHFHEOHL v
T— F{BEMEIC DTt Appendix i KEES % 5
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Fig. 3. Operation periods of seismic stations.
Operation of a permanent station is ex-
pressed by a thick bar.
shows the period of a temporary station.

A thin bar

2002 4 12 A LRI WIRSHES R TR S 1, UVO To—F MBI & - CEEHIRE S
NHEOMBEIZ, 20034F 12 A 17 HFE TTH 2158 & % » %2, Fig. 4122 2002 4F 12 ALIED
MRILAE @B RS, OFRESAORARHEN, OBEIHOEKERN, @FFEOBRK—
B3N, RBROREME-—BESAEE L COBRBHMENEZ T,

Ti@DFEKIR
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Table 1. Location of and list of instrumentation of seismic stations of Tarumae Volcano as of Dec.
2003.
Station | Lon.(deg) | Lat.(deg) |Alt.(m)| Seismometer Digitizer Comm. Power Supply | Remarks
STS-2
TRM 141.3804 426748 645  |---noomeeooeeee- LT8500 RT/RR-48 12VDC(Solar) Tunnel
JEP-6A3
480 CMG-40T LS7000XT
TRB 141.3983 42,7002  frerrooeefesesaam e n e RT/RR-48 | 12VDC(Solar) | Borehole
385 SD-203BS LS8000SH
NSK 141.4323 42.6870 325 L-4C-3D LS8000SH RMB800 12VDC(Solar)
BBR 141.3383 42.6680 490 CMG-40T LS7000XT RT/RR-48 12VDC(Solar)
KTR 141.3711 42.6975 880 L-4C-3D LS7000 RT/RR-48 12VDC(Solar) |Temporary
MRP 141.4127 42.7413 260 L-4C-3D LS8000SH | Analog line 100VAC Temporary
KRS 141.4186 42.6517 261 CMG-40T LS8000SH RM800 12VDC(Solar)
BFE 141.2672 42.7227 250 L-4C-3D LS8000SH Analog line 100VAC
L-4C-3D
SSN 141.3343 42.7107 324 peemommmioeeee- LS7000XT RM300 12VDC(Solar)
SBEPI
MRN 141.2594 42.6259 143 L-4C-3D LS8000SH Analog line 100VAC Temporary

SNFBHROEBE T 0 ~13 km K EBFEIMEI N HENLZ 70y F L1,

MR L O BRI, BRI EP U O UBREMERSN B2 RT I 0%,
RIREORIZ Fig. 1 0RRIFIC L 25 5 b RT e b, 2002 48 12 ALIKETIL, 2002 £ 12 A
24 H~26 H, 20034 9 A 26 H~29 H, 11 A 13 H~16 H, 12 A 5 BICHBEHEOREAI RN
72. 9 F 26 Ho 6 DMEEE)NT, BEWEES CHEITHE (Mua=8.0) 7°F4E L 2 DFH]
6REBE HMhF - 72, MEMENEIZZ 0L ) LFEREESIAIC AT v 7IHICHENL T3,

WARFELIC I3 MBI BEY E & - T BB EERD 515, ILMKGEES TREICHBE L o)
1E, WIE F— 2000l o, BAARSEEENORE 3km AL, BASEEILENORS 3km
HHED 345 B TH 5. T 3 DNIEEEIE, MEIIL— BARTEE — BERS 2 #3082 1327, 4t
B -FEEFECEA THE L5 R2 5.

W F— AR W DHBEER L, 112 A ED= S =F 2— F 0 LFOMMEETH 5. 1l
TR0y 3 B & TEETEHI ) BBR ) A TR & 11, BFEE 172 2 BRRICIE -, BRI E
PN IE O, A THE K AEATIT, VAl TR S 1km BE & INTEICHEWITIER 5 & ) L BiFES
AT, 20034 9 A 26 B OMBEIEELIGE - DFEE TCHOMBFB»ERLL TH D, 2003 £ 11
HI3H~16H: 12 A5 HOMBEEEL ZOWBRTREL L. L 28BN A EAHEBES
THMED, ZOFRTRELTWEL) THS, ILIRERAREIC L 5 1998 FLURAOEE T
13, 1998 IS IFIUTE F— 2 D FEflH 600 m i< BIRAES L T 7247 1999 4E12id F— 2D TR
200m, 2002411 A~12 Bicid F—2BETORRHE M L BEIBE L T3 rHEE LT
5 (FLIREX AR E, 1999, 2001, 2003). FHz D7 — 213 2002 4 12 ALK TH 5 - HHHMIC I
B3 Ta 2wy, IREXAREOBESA LN GHL2 0B - T3, ZoBEHN 1D
ELTC BASKEOHE»EZ b, 199 ENREENBUERE2 RS &, WKELZRTIR
F—ADPHFI 200 m & i & L2 FBIC BEEF » T 395, HKELIRTIREA~ITIZ
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Fig. 4. Space-time distribution of hypocenters and cumulative number of earthquakes recorded
since January 2001. (a) Map view of epicenters. (b) Projection of hypocenters on an EW
vertical plane. (c) Projection of hypocenter on a NS vertical plane. (d) Depth-time distri-
bution. (e) Latitude-time distribution. (f) Cumulative number of earthquakes. Magni-
tude scale is given on the upper left corner.
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EBRL e 5BBESMIBLN TS, Z0457iE Fig. 4 IoR L 2 BIESA L U EmTH 5.
7 1999 SFENFH & 1998 4FB & U 2002 FENBRIOFE L, INTH F— 2B OBRADFETH
5. 1998 4E & 2002 £NEF T, WHOTEMIZ D+ L BARIEE I LT 2oHic, ke
DBROBESHHIEMICIEL L L 20 d L\, 2D L 5 ZRATERLDBRAREE R
T b E, WHF—LIZEWY KTR= TRM Cld F—2aomdtrmichiiE L, BEflics 28BS
BBR 3 Ci3# 4 km & BB 8\, %7 BBRIEBIRESROMBEL L T 58 TH B %
&, WHEHRAIZ BN THBREEITE A EDEI LS, i&%i&iﬁfﬁf@*??ﬁé}g EERLT
Wiz, ReNDBERREBRIBEUAG SBROLNTWITWRRELHZCH). RREDE
BoA & DHRIFZ SR E LICRFTTREFRETH 5.

BASEEREMOBRE 3kmMFLIc RN L BIENEHIE, EIC200341H14HE9IA28HN
WEEEICL 20N TH S, FA—NBREEHHMPICRET ZHEIL, TEAEPHDHMETH
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5, BEDUNEL A= X LDHEIXTE L WY, ELOBREA TS EVFHEBICERHLNA T &
2 KIEEMME (A BIME) THIWMREEIEWEEZ LN,

BAFEEILEM AR S 3km A2, FEIT 2002 4 12 B 24 H~26 B OIEEIARKR 2003 4£ 7
FICRE L 2EOBEIHEIN TV S, RRBRFIELDOWTWE LI ICRR 2755 EHRlME
DA DRI Z &, BEIFAE L LS L L O TRAIOE S EIC & - TRY 2 W
BHLIELEWHELTWEEEZLND, ZOABRTREETLIHED S EFHEICED LN
22 rHh, KIUFEEMEHE (ARNE) THWERENEY., N5 ATEERETRET S
MEESRYY, JbRERFEERATRA NN (1984) T D-type & E LT\ R HEEENICHIGT
LEEZILNS,

Z oM, EEILOTEFIC D HMEFEHOER T HEBIEERD NS, IWHF—20FHH5
km {35 Clt, 20024F 12 A 24 H~26 BIZHEBEELE $ - 72, 4Ri: MRN B8 5RES N
BRIT, #EE N EBSIBEMOIMI & % B 728, BIROMIMIEIC DWW I THEE & 25
5, 1R 0B W EICHBFERIER L TB Y, EHOMBEM L IEEICE -, MRN & BBR
DOFEUHE T L MBESVHER I N T 5, WEEEORZEME - EFES VI Mo FERIC X
TEL LYY, ZO1FHIZEEENIRELTNE L) TH S,

V. BEIUTHA S hi k4 LR

BEIU TSR T RO ER > T HESBHR I NG, —BEICHW LN T 5 A TIHE,
BEIMEE ) ST Th{, BEROBHICE > TE 6iIclib S AFEINTE L, B2 THIR
BRALE (2003) Tik, ARHE, BH TVHIE, BLEME, BPRHEL I SHEAWTY
3. ZOGETIE BREMEY SEEICAT, SARRSICEDHE(BHE), EEREG RS
WitiE (BL &), REOBEERSCECHAHME (BPE) ¥ L Cw5. BPEMEICII TR(N
) MELETING. I TRILREXARSE (2003) naEE2S3EC, BEILTHNI NG
BOWBERE 7= 72AX7 P VvERT(Fig.h)., 7= 7ART PUT1. 28807 4 >~ F
TR 0.64BTOBBI LV LHFELL. 2Y F—HRIIMEOBREICIE L TEMLEE T3,

A BRI KIS MR & LI, BENLEE T B4ET 5. S BOFIE I T, 8
OB L & 28RN, 5lE L 2BUEOWHHBND, B (1978) TIIRETRET S
A BB ENWEMEES G &, MEERIC L 24 RBED A= X0 2FDE L Twd, BT
TR BEOMBERNII R X A7 I km BE & 00R W05, WREORHEL 5 A TIHE X #E 2 1 3 (Fig.
5a). MEHICE FN 2 BEEHSITEIC S Hz T, MIBHTESD & a— 78 £ TEBIMARGC
BATWS, ZZTRL BN BEASEE S TRE L -ET, BllEE TOEREIE W 26K
BhOREAE R b B\,

BH BRI INTA F— 20 BnBEH AT 5. BEEENBRE T SELBEbNLbHE
WA B ENTE S, ARME L ARICEEERSICES, 2R 2HEIX 10 Hz~17 He
FEDIRE > SR E T2 (Fig.5b).
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Fig. 5. Velocity seismograms and moving spectra of five types of earthquakes observed at
Tarumae Volcano. These spectra are calculated by FFT with 1.28 s time window moving
at intervals of 0.64 s. The contour interval of moving spectra is adjusted to the amplitude
of seismogram.

BM U b IITE F— 25RO CRAET 5, WEIAEI: BH AHE » Rk 15 Hz AHE
DRSS % T, WEBEIEOWN 20 5 3~4 Hz DIREIVHKICRD LN L LIk b
(Fig.5¢). 2 3~4 Hz DIRBYZPLRR VRIS 2. 20 & ) L@z HomEiz okl
TLHHERINTH Y, Hybrid B T2 (Lahr et al., 1994).
BL BB BT B AR 2 22 D BIEALEAHEE L1z < WA, IUTE F— 2B B 0BIRE TRtk
T5EEZLNS, WEE» 5EBWRICZ L, BMEMBICHEINIMELIZREL>TWS
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(Fig.5d). PHENNL LA DIEFEICAHEBE TS KORE L L v, Iguchi (1994) TEIKET
F4¥ % BH B » BL RHEIC O TKERD -7+ OREIHR LML T EHH L
TWaH, ZZTHELERIUOMER, BKEO BH BHES BL BHE & 3RERRE, FK
B, EBOFEIBELPICR L - TEY), A—0RREFEL TI L 6L,

BP BUbE D (UTH F— 20 0BRICHRAE L, BLA L FERRIC PIKDLEL EAT) WA T

b5, MBI L a—FEET

T-type earthquake at KTR (20:50:31, Sep.26, 2003)

T —E D REBOIRE S H R sl

513 (Fig.5e). RESRCRE g™l e e
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Bomm i KIT LI LIz 8 T

25 (Bz2iE, Aoyama and o7 b — = ®
Takeo, 2001 ; Fujita and Ida, so7 ﬁ . 2&7\‘ 1 z> g

1999 ; BEEIAA, 1976 ; HhEHIZ A, 1L | f

1987 WA WL 1982). BB L | : o1
2RI P NOR R b, WEBEO S el R ae e
;RPN ST R ST Yot Sl N T R e
BREABRL T3 e E20n | o] ol R o wee
TWBY, WELEERGIVRC 8 3 I
GoTek, SITHERGE o R T T
B x> BPRHEIC DWW, ; N1z
KTR 2 51 2 Bl & iRB#LIF % g B I @E %,
BT, Fig 6IRLE200ME gl Ll O Ll L ] OX

i3, 3 d 9 A 26 Bo-+Eidit
BROFREESRS BRI SN
7z, ARIBIZITE F—20EE0M%
EREEZ HNEH, HBOBEH
IN&Ip o Taizsd, WENFETIE
BRIHEESI LT,

Fig. 6 D& B O WL g
B 3SR TH L. kD3 D
DWTILEERIEIC 2.0~4.0 Hz

Fig. 6a. Waveform example and particle motions of the

T-type earthquake on 20:50 September 26. The upper
three traces are original velocity seismograms recorded
by the short-period seismometer at KTR. The lower
traces are corresponding band-pass filtered displace-
ment waveforms. Pass band of the filter is 2.0—4.0 Hz.
Bottom figures are particle motions during three time
windows, projected on an UD-NS plane (top), an UD-
EW plane (middle) and a NS-EW plane (bottom).
Dashed lines in the displacement waveform indicate
time windows of particle motion. The arrow on the
lower right corner shows the direction to the summit
lava dome from KTR.
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LIRIZ 3 DD AL 57 4 ¥ F 7 DREIEIE KT, IG5 54 474 > Foid, BALEFS
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DL E G > T 5 Fig.6a 9 26 H 20 B 50 5 F4E L 2 MBI, Fig.6b 9 A 27

H2B 11 REL 2HBAR Y, L9 THHEEIRFEI ENCIZHEA TS,

T-type earthquake at KTR (02:11:00, Sep.27, 2003)
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Fig. 6b. Same explanation as Fig. 6a for the earthquake

on 02:11 September 27.
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.72 (Aoyama and Takeo, 2001), EEHIAIZIZ N BB D B HEDE < IREMEEERIZE D -
7, EEIDEIIC % 513 KREEHME BB LR ), L) B N 2EORE
BREND LI -7, BHILD 9 BOBETIRZ IR 2 2082 & CED T 2t
BLIHERCE o2, REMLRBRELER T H20EL v, UToZRick~5%, TR
WEZST TS BLEEEZ LN &) B LRAEL T Y, TEHMEL: BL HEOMIES
FRICIBEENH B0 Ltk \n,

VL. & =

1. BRTUEZOMEEEIZD>WT

METUEZ T, ERIMEOERD &> T EFREI» R o N 5, HMERE O M5
DWTHEZ 5728, Fig. TIC3BRNLEE TRE T S MBEHNBRSM &, R=RIMRED
LTWwaiHl, BIUVEARFELRT 2V I—%2EBhH 2 (BBIT», 1998 FH - 58,
1980 ; =REIZ 2>, 1975), FEIMFIIBRTILIENEZSHH 2 SERIMHENRY HL TB ), &K
KA CHENRY, AR CRENRE 2RY. BELEE T, XBAINVT 7OEED

Fig. 7. Composite geologic, earthquake epicenter and Bouguer anomaly map of
the Tarumae Volcano area. Light gray zones correspond to the Tertiary
system (after Ishida and Soya, 1980; Sato et al., 1975). Bouguer anomaly is
expressed in contours of 5 mgal intervals (after Hiroshima et al., 1998).
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iz ) & 012, BENRFEBIBENUOET £ THI TS, F=ZR;MREHL T 55IE
b, BENREOEB L ERICEENL SEBILOENIC AL, SEHREB L HRME LD
XIS IS BB R, 12 E A OERIT 45 mgal DFEHKR LD L NBEMICHHT S, IWHF—A
BT OB EER % B, EaTLobflls & BRI 84T 2 ERE O £PEIL, 50~55
mgal DFEENBOEYHLICHE ) &5 LB IcHaM L T3, 2 LICENNOMEBERICONT
BBRMEDIMINIC 7 2 720 RIBDOBREREIC RS S 505, FENBRSBEICHIA > T 5 5K
PRIZGHLTVE L5 IR, EARED IV I—IIRVEER2 L OELE LROERZ
KLTWBEZEZLND Z L5, BANUREOESMBER LT OMEEE L5 »HBEF
EF-TVEDHL LLw, B> LR) BYSENREEn 2> -3, BRINETT
ERH\HBHENEZHFTEAL T A WREEZRRL T 5, BT COMBEB DR
BEBHLPICT DI, LU BT —IDERILETH 5.

2. TR EORFEHMBER DWW T —BL EMR, T 2HROES—

2003 4F 9 A 26 H4FRT 4 BE 51 47EEIC, BEMOBEERS 2 BFE L L2 HgihE (Ma8.0) »°
FeH: L7, BES 52508k L BATILE L0 E/ MR BB TR, HRHTHENARBEE L
BARBBROFRI6 B 15 0BT TEB L 20, BETILELICEE SN TV 22 TOBRH H»
LT —FEEI 1 REII @ 72, THNETILABRTEL LY, HHPERT L L
CMRNL TR BRHEFEBBEE SN, 2L 12 Alc A5 THIUHKRER CHEEBEORRE
WIKEBATRVN T\ B,

26 BRI 6 B 47 53012, T— F BREORIBSRRIOBIREETEE L AU ENRBE L. 20
#%27 H 8B 1147 % Tl 1510, 28 H 15K 58 474 & 29 H 0 85 36 5+ % Tic 17 DB AR

Table 2. Earthquake list for the swarm right after the 2003 Tokachi-oki earthquake.

date | time | hypo | type remark date | time | hypo | type remark
26 | 06:49 O A Fuppushi 28 | 15:58 O A Fuppushi
13:25 O A Fuppushi 16:23 O A Fuppushi
14:31 O A Fuppushi 16:33 O A Fuppushi
18:05 BL 16:39 O A Fuppushi
20:41 O T 16:50 O A Fuppushi
20:50 T 16:56 O A Fuppushi
21:38 O BH 17:02 O A Fuppushi
22:12 BL? 17:14 O A Fuppushi
23:20 O BH 17:34 O A Fuppushi
27 | 00:32 O BL 18:38 O A Fuppushi
02:10 T 19:58 O A Fuppushi
02:25 BL 20:20 O A Fuppushi
03:31 O A near MRP 20:31 O A Fuppushi
07:08 T? 21:12 O A Fuppushi
08:11 T? 22:26 O A Fuppushi
29 | 00:18 O A Fuppushi
00:36 O A Fuppushi
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Fig. 8. Fourier spectra and original velocity seismograms of nine BL-type and T-type earth-
quakes that occurred on September 26 and 27, 2003. Spectral peaks of around 1.6 Hz and
3.3 Hz are commonly appearing.



LA BB K BV 3 BE OB ER) — 851 — 125
3. T REOBRRMEIE CERURE & OBMRICOWT

COBFEHEES EFIHL T IHAORRICEREZ N T 32 ILIRERAREOHBH OER
WENL D27 B OBRED S T o2 (FLIRERAR G KILEM - B#t> 57—, #E).
$7:10 H 2 HUBEWTE F— A 0BENICE { B ESILBEOBAEE»ER1LL, 5845 188
B TR RHICEAILEE 5 B2 2880 & 1L (FMi3s, #FEd). 10478
ICRBHFARIC LV ABOEBWIHEINTE Y, —BFHIICKIIEEIIERILL 2 E2 6n
5, BLEMESTRHE L v - LEREBEORA L AR & oBEIIRHZ DY, HMEBNGE
EOEEDFREICHEG L TR EEZ LN TV HEAREMENEE OB L % 8 HH» b EKAEH
BIEFALL 72 2 SR FEE I EBREE W,

ZZTIE, MENREAICEE L LHBNRESEICB8K, LBRENSEL, 10 A5 HLED
WRIEE) T E DBAKDHRICHM E N 2 IET 5. BL AMES T HHEOERIE + HAIL 5
#1000 m TOMKEEMR & § 5 &, BOKIIERILE THOH1000m 2 8 HETREIL 22 &iz
% (B 1.45mm),

ZIEBE D % RET 5 WO WEIL, Darcy DRI L > TR LI ICEBRINS,

—_ k adp
o - M

I, dpldel3FEEICH - 2ESBPE, ZEAEBE (intrinsic permeability), g 13 HKOKE
B (dynamic viscosity) T 5.

HEAFEE |72 & THBKNDES % lithostatic pressure (2L v & L, BFEHEED &HERIL
F CTHEICMU ZIEEEORIcBKI ML T2 &2 2k, 1.45mm/s &) EETESR
T HBKICERT 5 ERM R BRI,

%E(ps—m)g (2)

ERENDBTHS ). ZZToABNDERDEE, o 3 HRAERNEE, g 3ENMEELRT.

10 A 5 BLUBNDBEAES OB BAIVE LK EICH 2 ( B2 722 Lo 6, MAILELDIRE
E—FFMIC 600CRREZ TRZ > 2N TR T VA EEZ bis, 22 TR, T THORKDE
HHREZZN LV ENT0CTh-72 2 L, BEEBY SHKRT CBET 2R8KOTFEHEN 2B
X 500 m |z B} % lithostatic pressure TETZ LT 5. BRDEBE % p:=2700 kg/m? & 52
5r, WE500micBITHHKDOEIT 1.32X10°kg/ms? & % 5, IAPWS-IF 97 i k 2 &K%
YytEfi (Wagner and Kruse, 1998) #2&E12, BES00miz3it 5 700°C NEGKORGHER 1, &
EE o EKD DB E, ,=3.73X107%Pas, 0,=30.7kg/m?* »#1F L3, ZNLNRQRTEZ LN
LEMB L E I DENL, dplde=2.62X10%kg/m?s? & % b, ARICBKNIEE % 500C LE L 7285
A%, 1r=2.91X10"°Pas, pr;=41.6 kg/m® » 5N, EHDEU dp/de=2.61X10kg/m?s? &
ToTRESCBEDLL TN,

INLNEEMRD S, BETIIET 2R T 2 560BAERESY RED 5 &, £1=2.06X10712
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m? &\ 5 EA TS50 5. Freeze and Cherry (1979) ic k#Ud, Tk ) ZEFEEBENMHIZ—
BICEAEDRSEARERHER I N AREREREY RTHEEINTVS, T, KBTI
(2000) THEE X N2 AERILEEOFE KRB ORFIEKFE L VKb o N5 BHZBE & 3T 5
E, ZITHERLNTH 0 m? v ) BEERENEILEIERTHOMEE D b HE= R LD
FEWEICHLT 52 L2500 5, ZNIBHILEEOHEZR05M P EE 1 REBOEH LA
TEADRY M LA 5 B5E N2 BATILET OMEREE & BFICHINEEETHE, 22 TD
BEAEBEOHERFE, 1000 m NS 8 HE TRKIBEHT 2 L v ) B EIBEIZE
INIBHERTHHZEEZRL T3, BLEMES THHMENRKEICHE L 28K, HWER
%8 BT T - ) EiithkEs%E LR L, 10 A5 BURICBRM I N BAGEH Tl
vy RS EZLLNEEA ).

VI. % & &

ERTILUELLOEE K IBME 2 EERTE L 22 Lk ), 2002 4E 12 B4 & 488010 0B 7—
ZIRUVOANNTAIA LTIEREND &) Ik oo, ZFOREER, IMKEBICFET 2EFN LM
BENEHeEZ oNd Lok ), HMEEED 3 KT L EBMGAAr B LLIcL ) D0h 5,

2003 4% 12 A & ToOMEIEENY &, BEILELE CiR EBEE R MR L THREL, BR
WMEEESN T2 RTBEI LI EVHL» Ik » TE R, HEECHERERL, WEF—
LE T OMER, BASEEEES L OBATIUEHIC9AT 2. BASEEESES L OBENILTE S T
HETHHEIKUEBEEEE (ANHE) T2, —F, WHF-2BETOBEXHTRET S
WEIZ=7=F 22— F 0 RMO/NIEL L DHNT & A LT, BL BES T BhE L & XA
CRETIR/RLEFEZHOHEI LIELITRO NS, IUTHEF—AET L EASEEDOBRH Tt
9 A 26 HOTHMMENERICHRMBES»CR SN, ZALIKINTE F—LET TIX 2003 4 12
AZ THEESOEWREI RN TS, ZOTEBITHEROBRMEEE T, BL HES
T RIME L v o 2 HBRFROBE S b L2 BN Z & F Nz, 10 A5 B2 5 10 Adalc
PITF T F—ABBTA LN EAESES BL AHES TRMENHERMERE #5282
L72BOKTH D EEL TEBILETOEREERE RFEb -2 25, ARILAITRED 5
NTWEENRTRD SHE=ZFREMOMBICAHL T 2 Z LR E Nz, SEOHREMEES
BRGNS, RARMEORAICHBRATKRSBES L T 5 Hg 2 BREEICEDWTRL
REEXIBEVWIZTHA.

B MEXEASEKLUER - Bty 27— 0BREICIE, 1967 £LIED HRIMERE ) 2 F
RRRAEL Tz dnie, 72, BESHEZ ORI BT sWEbe T, BREERR
BB E L T 2220 T b, BETILA LR RESEBmES 4 b BN, BN, RS
X B RREEEEN, EERNETERIRIGREAEEE, RAarranEBE i, B
KBRS O BMIERLIC REBFEE 2R > Twizidwi, B4 T2 (Bk) 12id, BElE
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DI TAEERRF IRIEE TER L BRI Z 22T w5, L TER#H WL ET.

Appendix, &#jILIC BT B ERAXDER T — ZIRAE

BT TiE 2001 EEL D F L WHEBRAINBIET— S EE AT LOEAEHMB L. VAT
LOFE, UVO THEAL Tw 3B, 7954, EBRERRENE, 5L URALEICE
WTRE L T 23 1R TEEEREIC DWW TFIlES (2004) ICREL2NTI Z TIIERT 5.
BRI AZRILE 7 Eic T, BEST— 2 ERBOBRIEL . WK EOB
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Nirco |
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SHR Digital 84k ine
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Fig. A1 Location map of the volcano observation network of Tarumae Volcano
operated by ISV-UVO as of December 2003. We have a Shiraoi branch
(SHR) at the southwestern foot of the volcano for aggregation of monitoring
data and relay to UVO. Electric power for the stations on the edifice is
supplied by solar panels. Data from these stations are sent to hub stations at
the foot of the volcano by a radio telemeter. Hub stations are connected to
SHR through exclusive telephone lines. In this figure, thick and thin solid
lines represent digital and analog telephone lines, respectively. Thick and
thin dashed lines are high-speed (56 kbps) and standard (9.6 kbps) radio
telemeters, respectively. Station TCO (Tomakomai city office} is a hub
station for station NSK. In each of stations PRT and SKH a visual image
capturing system is installed.



128 I M- RE OG- SR BE - BN R

WETR, KEBR ALBLIUNy T~k TRELZHERL, T—ERIIEREES
AeTwa, BRESSNLT—FBIKREBCERES A 4y roF A TREI NS, B2
i¥, SSN 7 — %1t BFE F CH#MRR EN72H &, BFE DB T — 5 & —#Eic SKH £#EH L
TSHRIZHELN TV 5, ZEHTH 5 BFE ® SKH T HBESLTHREEZ L DR S 2 F/ATY
%. Fig. A1 Tid, REBHT Y 7 NVERER, MERHTF o 7SR EINR, KRB H SR 5
# (56 kbps), MBARAEE MR (9.6 kbps) £RKL T3,

X [

Aoyama, H. and M. Takeo, 2001. Wave properties and focal mechanisms of N-type earthquakes at Asama
volcano, J. Volcanol. Geotherm. Res., 105, 163 —182.

Fi o, KBHLE SoREE, BDINEYS, RIBEAL, 2004, duimEoE@EhE kil B R oMEEE - L
HE 4 —, AGEE K MER B RS, 67, 89109,

Freeze, R. A. and J. A. Cherry, 1979. Groundwater, Prentice-Hall, 604pp.

Fujita, E. and Y. Ida, 1999. Low attenuation resonance of a spherical magma chamber: source mechanism of
monotonic volcanic tremor at Asama volcano, Japan, Geophys. Res. Lett., 26, 3221 —3224.

WHEA, fE 1, EARKEI, 1976, BENEVREIRE %45 KLEmEIC DWW, kill, 21, 167—-183,

SR, AR, 1977, ATl BIT 2 EEBORR, BT REFRTTHE, 50, 183—191.

EEES, BIREX, FAEE, SEHEE, FEEE, 1998 B/MUbEENIR(7—7—R%), 1:200,000 EH
X, 9, MEFAAM

JeHmERF K&K, 1972, ML XLE - WK E - REBIOBIRE L OB RNE, WEEIC BT 2 XLIcBET 20
FWEE, 2, 124pp.

ALHRE A FR M EA TR A LB, 1984, MHIALELN (1982 47 A~1984 £ 3 A), KU ATFMEESS
,, 30, 74—80,

CHEE RSB S M B A TR A LB IIAR, 1988, Ab¥EE o KILTESE) & 2 HBNERE (1987 4£ 10 A ~1988 4 4 A), X
WA TR S SH,, 41, 6477,

Iguchi, M., 1994. A vertical expansion source model for the mechanisms of earthquakes originated in the
magma conduit of an andesitic volcano: Sakurajima, Japan, Bull. Volcanol. Soc. Japan., 39, 49—67.

FHRIEX, SRR, 1980, 20 oo 1 WEK [LIR]. MEHZERT.

Lahr, J. C,, B. A. Chouet, C. D. Stephens, J. A. Power and R. A. Page, 1994. Earthquake classification,
location, and error analysis in a volcanic environment: implications for the magmatic system of the
1989—1990 eruptions at Redoubt Volcano, Alaska, J. Volcanol Geotherm. Res., 62, 137—151.

FUNGEYE, KESLh REREAN, Wk, REE4, FoK ¥ SLUEE, 1999, dtEENXILE L ENRER
Mg BT pHERERIE, ALBEREREREIFATRRE, 62, 61-T77.

MRBEE, FERS—, $oREUE, BE 3L, 1987, HBHE TRME N XIMEED 27 POV — R B
A7 P KRR FOMBIZOWT—, Xil, 32, 317-328.

OB, 1978, BABAINICHET R0 B NFEREE, FORB KUFER, 19, B-1, 145—152,

WA, IUT ¥, 1982, BEMTSEEIC BIT 2 1982 4 3 A nHRMEESD), LEREAFHERYESHRHE, 41,
65—176.

ENH—, & OB, B SRECE, BE 8L, 1997, BEILOFAILBR S AT 4, JCHEEERFHEREE
Wroeskes, 60, 111-—-119.

KEILYE, PHEIZREL, MBEEME, 2000, FHERILB L UEEHIRORIKERE, CRARENRREN S (B8R
C-2, 09640498) WERBEHEE [TEEBAK NI BT 2 KEEE X S HEFUE— A2k & 8 - F— 1, 1-17.

LREX AR E, 1982, MBETIL, du¥Esx IBSEBNIEERS, 3, 40pp.

IR AR E, 1999, MBRTW - Bl - b - & - PR, duiEEg Ol B RSS20, 118 pp.



LM E D BB AN BT 2 Bk OMEEE — 85710 — 129

HIRFXSARS, 2001, B - BN, JtEERbECk IEBI B IS EE, 21, 110 pp.

HIREX SRS, 2002, MGHETIL - AEER » &, JbimEisok BBV BRI ERE, 22, 86 pp.

HRERX SRS, 2003, MAGL - CHER » & - MFTEE - TS - ABRIL, AbiERitEox LB 8 R E R,
23, 136 pp.

RBER AR S KILER- B8 57—, BRILOXILES) (2003 45 A ~2003 4 10 A), KLUEAFaEEES
&, ¥R,

gz, WDA—, SEREH, 1975, 20 A4 1 ER B/, kT,

FHBEE, PIEL, KB, F M, MulisE, 2003 4£-HRPE (M) 8.0) BAEHEKICE X 28Rk ILn
RE SIS, WRAEMENRARR, BFh.

MEEZ, WT W, BDIEDG 1981, METLOXINEME (197945 3 A~1980 4£ 3 A), ALMEEAFIHIRpEY
s, 39, 4756,

Wagner, W. and A. Kruse, 1998. Properties of water and steam: the industrial standard IAPWS-IF97 for the
thermodynamic properties and supplementary equations for other properties, Springer-Verlag, Berlin,

354pp.



