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Since 1998, we have conducted repeated measurements of self-potential (SP) on the
summit crater of Tarumae volcano, Hokkaido, Japan, to monitor the volcanic activity. The
measurements reveal that a remarkable positive anomaly amounting to about +1500mV is
distributed on the summit crater and its temporal variation corresponds to the change of
volcanic activity, that is, the increase of amplitude and wavelength of the anomaly is
accompanied with the increase of volcanic activities such as seismicity and fumarolic
temperature between 1999 and 2000. Therefore, the SP method is one of the powerful tools
to monitor the volcanic activity.

We propose the hydrothermal system of Tarumae volcano so as to interpret the results
of SP measurements and the above mentioned volcanic activities. This system describes the
intrusion of hot volcanic gas from depths to an aquifer beneath the summit crater which
introduces the seismic activity, increases the fumarolic temperature and progresses the
hydrothermal circulation to amplify the SP anomaly.
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Fig. 1. Topographic map on and around the summit crater of Tarumae
volcano. Solid circles indicate the location of craters, fumaroles and
geothermal areas, that is, A : A crater, B : B fumaroles, D : D crater,
E:E crater, F: F fumarole, K : K geothermal area, L: L geothermal
area. Solid squares indicate the location of seismic stations. HY
indicates Higashiyama, NY Nishiyama, CC central cone, ER the
eastern edge of the crater rim, HT the Nanagoume Hut. Solid lines
represent topographic contours which are located at intervals of 50
meters. Seismic observation has been made at st. A and st. C.
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Fig. 2. Temporal variations of seismicity and smoke height during the period
from 1961 to 2003 observed by JMA. (a) monthly frequency of volcanic
earthquakes, (b) maximum smoke height from A crater, (c) from B fumaroles
and (d) from E crater.
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BB KL TII A O S 5V Id BT 2 OIS HRES (DT, SPEwv)) DERE» M
LTWaBAHE L DXUTEMENTEY) (72 213, Nishidaetal, 1996), kiliiGgEhicH:s S
Poxg#iE2 7283 H 5 (Zablocki, 1976). bz L6, S POIERESHIZKALIES
Pl 5 ECEELEE L 2 2R H 5. BENLTL EMNIZS (1995) 2 &N S PRIED
o, KOBPICIZINTE F—2 230 T3S POEREFSH L THE I g ->TEY,
IRERIRIC 56 5 KN TRRIZNDFER E LTE 2 H17z,

FLIRE X RR G I3HGRTL T 1996 S LAIMEMBEEE AERILL T 5 2 SICER L, S XILES)
HE LICTERALT RS MW LT, TEEHHER & BMIC IR T A 2T HUE, &R,
S P,BEL ¥ DEAMEBI 2RI T-> TE 72 BLREX AR A, 1999 ; tLIREX AR E, 2001 ;
LIREX AR A, 2002). Fic, BKROFEE * ER2MICFHET 2 HHT, 1998 £LIK A DERNIC
BWISPOBRYELUELF 1 RBIOFETEML TE 7,

ZOMNETIE, INFTIT-o CERREIC L ) BEERICHIG L 72 S POEBI»REZ bh7ed
T, ZOFEMEMOBRER L AbETHET 2 L L biC, IWKRERHOBAKRIC O THi#E L €
TS & DEIRT 5.

II. SPO#EViELAE

1. A =*
L D& W% B A % KD 5 72, BT (1995) 3ARMEN 7T SHE 2 v T4Hk
(FEE 665m, Fig. 1) #F#M 55 SPRIES 1992 445 L 71993 FicAT- 72, £ R, X
ORMICIZBRRIC L 5 2 E2 515 +400 mV BIEDOIERE S GAMA L, KOEOHNHFHEIC
IR R THATRES —1800 mV 282 2 HBENKRE LARFEVHFLEL T 5 2 & HER
N, &% ELASAOWREL 2000mV 2 ERZHEEE 272, LaL, 4EDS PENELH
ENHEYIZKINTERIC & 2 BKSMOBERAELEZIRZ 52 LIch DI &h b, EEMRZERL
THERH % ADERICREL T, ) & (Fig.1) 288 T50EEIT- 72,
S PRIFEICBIESBIETH 5 R & DM —HBRIER, AN E—F> A 1IMQDTLIN

Table 1. Condition and loop errors of repeated measurements of self-potential.

. . . loop error loop error
year start time end time points
(whole area) { (dome area)
1998 Sep. 17 10:20 Oct. 12 11:40 69 —267.1mV no data
1999 Jul. 21 09:49 Jul. 22 14:27 75 —37.9mV —33.0mV
2000 Oct. 12 09:10 Oct. 12 14:06 68 +26.1mV ~28.8mV
2001 Oct. 18 10:10 Oct. 19 15:45 63 +51mV —16.1mV
2002 Oct. 9 10:00 Oct. 10 16:07 73 +16.1mV ~15.4mV
2003 Oct. 17 10:06 Oct. 20 17:04 64 —10.9mV —34.3mV
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TRAFZ—, BR210m D — N FEEFERALZ WEHADQBRORM ) & i B8 % 5T CER
FEEL, No2foBEs 1M L CRARBHIE2 RN TAOBENORIEZIT- 2. kO
BERiceks LTRELNAL—TROBB (K—7) »BRENL L Ic—HEB20EHETHE
D, BRBICIHUEES~RIVMBREHAEGLL. &8, F—2abBcB T3NS -7
KOBE UI—7) PRRENB LIS, KV—7THD I b F— 28BEGS (F—ARHEM
M) bz BELEPN—TORkMERE LTEBBLEAEL, 2205 F—2a bif~nRlEL#
Bz (72720L, 1998 FENWE T3 F—2 EHOKN—TDFuic & z), FRESICEBLHET
LB, BEA - BiHb - KIEE ) - MMHMKRL &R TE B HETC, ED yEF I aE D
HWHZ TELLTBIRL 7, Z0E, WTHLOBESTLRR I0cm BETCHSLXEN 5 -
2z i b, BROBERRIBIEZ»72E2 L5,

BEOEN B LHEDEH RIS Table1ic % L2, FEDBIESEIL 63~75 4 TH 5.
BRENLOMEDTM 23 2 284 b -2 1998 4 & 2003 E %2R &, Wi 2 HET
FTRCHUVEEET T EHTER, W—THEBRZIAN—7 (kKOFELK) T—-37.9mV
~+26.1mV, //I—7 (F—24 k) T—-34.3~=15.4mV o&EHENICENFNB 3 $ - 7,
1998 £ AN—THEEBELF OMOFIZ AT 1IHTRE VDL, FIERE» LK T £ TORIC
#25 HORWEIEFM 2 BMAZZZ LB L T3 EEZ L5 BIET— 5 OFENLEIC B
TIN—7HEBREL NERIY 5 ORGARRIC L DIEL 72,

SPRE TIZERDOHEFEBEICL 27— DBEBMI» LT UITHEE 40 5. 1999 FLBOHIE T
IBHTRICHER)) 20R R0 TEBOBREL L UBHAEZIT-72. ZoOKE, BREICL2H
FENEF 3RLURICBE E-5TEY), ZOREDBRERUEREROBREZIT ) L TR IED*
T,

B, WERICBT 2MBERNOEMENLIEEYT 5 -0 0EGHEFIIRICITL Lo » 1225,
K[ETHRSBUAT R MR BT 2818 L U EBEROESBEMMARIC L 2 &, HEY
HHo£Lli2 10nT UTo, EFRIEE MV /100 m LI TOZEESHF»ZNFNR L 20, 40
DS PHIEICHEL 5254 ) TEELEHIZD LN -7z,

2. #® B

1998 4E4* 5 2003 4F- £ TOM N B L HIE TR L N2 XD RN O EMS G # Fig. 3Ry, w»§
NHHM) 2 %358 () L LEBADHENGHTHE, 3 F—3wTNETA 74 v T4
YIZREDTHTT7 Y —r FTHERLZ, F—AHADIEREFH % & ) F#MICRT 229, +1450
mV H5W3I+1550mV D3> F—2BMTRBRLTH L. 4B, SHORE TR L B
% BT (1995) & HBT 2354101, BRAPRLZZLICEETILEN D S, EfIZ
7 (1995) D 7T A& B2y 72N E L el BATSA Tld, Fig. 3 TREESE LMY
LAH3EIE —1200 mV B DB TH - 72,

B KOBENOBMSMIC R o N 25583, BHAEL (1995) 12 & 5 1992 4 5 i3 1993
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Fig. 3. Contour map of the distribution of self-potential for each year. Con-
tours are located at intervals of 100mV for the range over +1000mV and
intervals of 200mV for the range under +1000mV. Dashed lines represent
the +1450mV and +1550mV equi—potential contours. “Hi” and “Lo”
denote the centers of the positive and negative anomalies. Solid circles
and the double circle in the eastern edge of the crater rim denote
measurement points and the reference point, respectively. A ~ L indi-
cate the location of craters, fumaroles and geothermal areas and HY
indicates Higashiyama, NY Nishiyama and CC central cone as those in
Fig. 1.
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FnGE L RART, KEWICRIEF—22h0 s LEEREODEIRONDIZ ETHD, U
" F—20M085 6 EXADICHT ToFIRE F—ABEMHMEICH 72 5 BEAILFSIICR+
1450 mV LA EDKRE LIEREIEICHML TWE, TS E, AKOHMNET SIWHEF—
LRI +1400 mV FIEOEREHIEICHM L T 5205 F—29.088~ Bz e
DREZHEITE T > T, AXDIEEIL TR IER L EEFH 217> TB Y ADBELIE
FiEmRESH T 505, BMSMTRAR) BT LA LEREELRL Tdvin,

IWTE N — AN B 5 kDR AR (KhBIE) 13 1983 FICR R I N3 s LI T 055
WHIBMUIE T H B (T34, 1984 D), KMBRICIZ +1400 mV BEU FOERESSH L TH
D, HETIZHBVEKRNHFELZTRRL TW5EEZLN5,

A DIRESIL (FRESAL) Atk 0 RZE G (LAEGRR) »A0E§ 5 AN EALRIC I +
1500 mV B NIERELS A L T\ 5, I DOFIL 1933~1934 FNOBA TE L 2 AZME TH
D, REGHME OGP RVT &5 F—arubd b X BFEARMOFRIRIC EL ) 55 BKFRAH
FELTWDB EHEINS,

—H, FRAOE(COMMEZEENIEICBWTHIERFENEZ I FRLNTWEETH 5.
KOERIE F— 2 B8IC RA TR 2 MBS L4 -> T 5 5%, ek 0 B2 E § 5 B O
KR T 10 m BEORRIFAL T b, ZORBED 6 Z DB VAL A 132 R A
THFSNROEL ), R E L TRBICHNTEREDEE N W Lo T 3003 Lk,

m. =

B

Fig. 4 T3 &R BIT 2 kKNFEROBASA % Fig. 30X — YR HEZ I TGRT, &4
L F—afhict— 7 2F -2 B3RFALERDGA IR ons, #LABL L, EREDGMIT
HTP IRl T 3BT AIZ 2. ERFEOET D (RIE) i35 B4 +1500 mV~ +1700
mV OFE T, +1200 mV U EOBAOEH) (HK) 3B B4 900~1100 m DHFETE L ENR
EEHL T 3, HRIZ, 2000 2 3 IERE ORI & ERIERICHEAL TWa Z e EHEN 3,
ZDI3A, 2003 I HIERE ORIBHRPWKL T 5,

Ak L 722 & 80, BAETLCIE 1996 £ BTGB AIERIEL L CLUR, 2MEHOFT I 28T
Bre BB IR2 EBRMI N TS, AXDOTIE 1999 46 5 A 2807 SiB b AT L T 600°CLL
LEBOCHBLREE ), XOWNICIIABRAR LHERA I N (ER, 20000, BESILEETRR
20024F 4 Q27T HO B L EEEFBAL, HHICK 3 EEALLI S B2 5 RESSBRE
BRI L > THRAEN, BERCTLABTEIC L) BEKILE T /B BS
DB oI Z EHFERIN FLIRERGRE 1T, 2003). 3512, 2003410 Az b FERLHZR
PR N GLRERERSRE, 2003).

Fig. 513 AN B L UBESILEIC BT sk OREHMS 237, Fig. 4 T 2000 4£ & 2003
FIZHANLSPOEREM AR LI DY ZNL0BEFHIEBLTRBR L2 290 5. L
72555 T, SPOEREMAIIMEETLO KRR (UHEF—2ET) KRELTwdEEILN
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Fig. 4. Self-potential along the X—7Y line in Fig. 3. Arrows in the figure show the
locations of each crater projected on the X—Y line (A : A crater, B : B fumar-
oles, E: E crater in Fig. 1).

LEKRDEIHERILETRL TV B LR 5 Z LA RLBZLTH L, EMIIL (1995) T
BHRFELIREL 2R L ETLVHECLI) SPERFOBERENRS 2 EHH 500 m & R
bote, Fig IR LLZERFEOERA 1992 F£8 L P 1993 FLNZNLIZIZFE L THL Z &
7o, BREDORSICKELEEB LW EHEIND. Tabb, EHILTIETBE b #H#E 100 m
g TBOK EAPFEL TR EEZ LN 5,

Fig. 6 IZi3 KWK D b - 72 1981 48 2 A (IWT 134, 1984 a), HEIEBHVEFRIL L 72 1998 4
6 A~10 A GUIRERX SRS, 1999) B & 0k IRE A% 2002 4 11 §~2003 4 11 Bic B4
LHMEEAREDN—F B L 2 KINERMBOBESHE2TRT. inolicsnwi
WIR F— 2 HEE T OMEFIHROR S 1B 2 RIREPRISEL TEOL NS, ZNDi3H, 1999
2 5 2000 IS 2T TUMRIRERIC &R D R L BN & 255V 20EEE (RLIREX AR & 132,
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Fig. 5. Temporal variations of the temperature at A crater (upper) and B fumar-
oles (lower) during the period from 1995 to 2003 observed by JMA.

2002) RGP SV RLBAC L 20T 2IMkEER (KBHFER, 2002) 25882 5 TH Y,
ANREBCERE NEOBR 213 Fig. 6 IR L 2BESA O LRI AL 5 Tw 3,

Nishida et al. (1996) IX{EFEIAKITS PRIE 217 - oK%K, BAREOTER, L FHHEI AW
FPRETH LI/ L UMERNDOTHAKBOBRICL D) 32D 4 7oL Tw5b, EENLTIX
1909 FERA LI, <7 BAZME ) BMASGREL CB LT, WKERRICIIBIRE L 2EERNEA
PR HHFEL TN VEZEZLNLZ LR, WHF—AIKREHOKROREBRENFZEL TBY
IR I B B AR E ATV E B LN B Z & L HMTL T, MATILIE Nishida et al. (1996)
& 25080 ) b=F8 - WBER sy HELEL I 7TICET5LEZ LS.

—%, WEF—=A3EKEFTTICHRHL T 202 DORTICIBELRIEE 2 V15 RBEICE
BREDBA-THEREL TWLHREELEZ LS. LrL, AN A972)Ick 2 s, &
Bl 1909 4EREKICE 5 BA- /2 IEHF—2ETOFE 10 m 2E, £ 1.5 km Hitg, £0
RTEIL 4.7X10°m® L HEE SN TH Y, Matsushima et al. (2001) KD 2 HERI O 1977—1978
FEEAIZE ZEAL 72O (10°m® A — =) [THRB LR — i3 SHRRENE v, E72,
¥ AH (1984) NESERICE 2 &, WTH F—4ETH 100 m o 3gEHi#EEL 100 Qm #2E T,
ITE F—2 s 5 400 m B2 @A DR & 13IRRE UfE% R L, Matsushima et al. (2001) »°F
KU AOFETICRBLEZEACI2IINIET 2 &2 505 S ENEERR, BRjlicB»
TRRBEINTVWEWI ) THD, BEOZ e LHEET 2, BEOEEILOIERHRIC TR
FELTHBARTHFEL TR WERLIRETHS ).
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Fig. 6. Hypocentral distributions of volcanic earthquakes at Tarumae volcano.
(a) in February, 1981 revised by Yamashita et al. (1984a), (b) from June to
October, 1998 revised by Sapporo District Meteorological Observatory(1999)
and (c) from November, 2002 to November, 2003 determined routinely by
JMA.

MEHTIL O (LR ERIC 351) 5 #0k % 2 Nishida et al. (1996) D=8 - LB » &2 4 70+
TNMZETEHTERZ S &, BRI N T 2EANBRII Fig. 7TIRL B8 rETnick
NVERTLZEHTELZPL LML, 2T, BBEL L O/ I BIBICHFET S L BET 5.
HRERERIC I RB I FEL TB Y, 85 b L 287 A2 & ) BAKARRIFZEL T
5. BIKMHO_ ERBUC L7z 5 ILTHEE T, #BokiceE ) REEEMR (REEL) &S
POEREVSHTE. MLrORETCEES AN LA EART S &, WSS T3 #ukitifis
ERLL TS POEREFEKT S, ZUSHIEL TLRETH~DBOK EFIC & ) MBELS A
L CHIEEB AR R L, Bk EFB CII BB OEITRENEM AL 5, Fig. TISRL 22T
NDFLEZEEWICKRIET 5725121, 4%, BEREESCATHERE Y SOFEZH WL
BIFRIBOWMIFEE 2 B 5 20T 5 LED D 5.

V. ¥ & &

BETEBIHE £ R & R T IBRTILIC B T 1998 € LIRS Pl 0 E L MIE 2 £/ L T & 72,
ZORER, KOEEFRICMEL2S POEREMAZIZL 52 LA TER, ZHIEHILOWL
REWMICREL T 5 L £ LN BBANEDBERLLTRTEEL 6N, MET 5 &) ICHERF
BOERLbHTH % BIERERIARE L BRI S N T 5, UEOBRRSES 5, BENLOAIL
EBOWS, B BKROENFEET 2 LT, SPOERESHOERRIIFECHENTHS &
EZ LN, KIEE % FHET 5 201 BBKROFEHZ ) TAIA LCERT 22 LW EET
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Fig. 7. Schematic model of geothermal system of Tarumae volcano based on Nishida et al.
(1996). Solid arrows represent the hydrothermal circulation in the aquifer denoted by
dotted part and dashed arrows indicate the volcanic gas flow with high temperature.
Stars denote hypocenters of volcanic earthquakes and the striped circle denotes
electric current source, demagnetization area and pressure source.
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