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1995 4E 10 BIZWEKUTE U AERKBRLUE, RABBVELUAEIRMRL GPS
HEEGF->TER, BHKRELIBL LI SGM-HSS (1. 1km) T, #96 F£HT 70cm LA
EHIEL, £< OB TIZIFEANLZDEDORESBEDLMEL TS, BREFTIIOHE
ARSI D B - I HILOBTIMEE T 600m OMEITRE >z, Th5 OHIRES)
EERICE BZRHM TR F— OB L OMICHEBRNSSNDZENS, TS ORE
BB EHIIESEICE S HBATEEOBEICERL TWas EEZ NS,

F——F : AEHAIL, HREE), HKESE, GPS, EDM, SYy RAFF1v7

1. [XLHIC

KIUHIRIC BV 5 REB OB, —RKic< S
I OBECER - WHICESENEICE>TEL S
waD FT - KEEBELAB0RITOND (KR,
1958, Fifth, 1995), LWL, KR THSEEE 4
CaREE, <77 ICERYT2b0KETTRES, #
BEHPLHKZEOHBAREIERTSHDONH2
(#1 2.1, Carnec and Fabriol, 1999; Massonnet et al.,
1997). XIEATEU 2 H#@Es, MR TS
ONEHETBITE, MOMERNOKRETIERT
LRBERHBESD,

AT, KRSERUBICENSNEAELO
HWREHOKRIY, WIS HRrdE ORE
EBbDTHBHIEE, TUa—LT1 k@,
1986) 2 AW =B AEBOKH T RN F—DREL D
LEOBMBLHSRT, £, AEXLOFHRH
WEHOBMELLE, LDFMICHENS DI, RE
73 GPS D H#e kA B (Rapid Static method) %7
7=DT, ZOBRIODWTHHET 2.

2. AENLOXLER

AEXLBT, WXL S SIEEICE 30km B
NEBFICAEL, BIFF — B RN O S AR 3 b iR
CHEET S, LREKUEIL, 16 LLEDOBEE F—LRK
ILENSERINTWS, BELOEAZIIERLE
SHEDLEN->THED, BEHREHUEIRENTWDH
BB H 5. fEkd 5 OBETHMBIZA-B-C
& 3 DODEBITANT B, LD S IEEB OBIFER
RENTERE, TEQSDIZES &, AEKILITIE,
¥ 10 SEM S 100 FREOHB CTHEIEBOERLN
H0, [RTQIBNCEEDSNER EOERN S
ZOEBEAME 12218 FELABDoTWS,

1995 4E 10 A 11 Az, AEXLIBE#ERL TH53
BEEUOHIBIIBNT, ZERKERBRENEI >
(Sudo et al., 1998). FLEKILFEZICIIEK[HH DB R
REDEEHEL, bEdEHBMBFIISNWTESR
EENERTH- 0, ZoRZEUEHAOR, »
DTHEBILD B > 7= [HETHHEN SHICKE m 2
EOERICEL K, B0, AZ, HAOMS 0K
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KT RNF—DPHEGWIZET HZEIEHH L T,

3 » BRIZIINBIZROL, KERZBRITOKERE
DHHE &EMW) 2f-kx5E, BERWESE
THREEL TS,

HEES (1996) 1, BFO 1995F 10 H 11 HD
AARSIBRIT & BRRROERIEH 20000m3 TH Y, 12
F 18-22 H®D 2 EHOKBEHIZ X HBKROERII, £
5000m3 & RfEb > T35,

WEILEFE» (1997) X, KWKHBOT T <IZHET
LHEERATAEEREERMCHNL, 12H 208
LISICREIH L =Kn s, FRICHMN S A mL
FlEEBSMI Uz, L LS, 1996 4 2 A
DALY, KOBHIZRERIhTHAN,

Fig. 1 Location Map of Kuju Volcano, the Iwoyama
geothermal area (A, B, C and 1995 craters D) and
refractors of EDM network.

1995 £ 10 B iz U kRSB ROERIC, KES
SRR E N, TOHMIEC X - TEETER

BHANIRE S N(FMl, 1996), T 0%k, KESER
CHESHBREBZHONMCITZEHNT, JEUER
(Fig.D& GPS HIBZEVELERKL TE/z. KER
BRUMOAREXNOMRESEMI N TS
oM, Bli@ooDIzk-> T, KEKBRM2 »AM
OHRFIRDOMRERD, SAR DTHEHENMSES
T3, ZNSDRE, RAOHBEBOERE
RO TERETD,

3. BMLER

3.1 EDM &3

1995 £ 10 A DARTBRERIC, Fig.l KRTH
WDEHNEM (EDM network) AA#RESH, 10 A 17
BhsEDELHERNMTHhHTHS,

WHRER L. 1995 EOKEKBRLUBITHE DT
ENBAEHREL TS, Fig. 112 EDM B3&m
AT, HWEAREHVRELEZ7VXLEKI'K6 ELT
RLTW3, 1996 £ 4 ANS, ZOSUXLLED
THEZT>7%.

DENRICHEHL 2883, 5140 DI3000 TH
3, HIROEIC, WERNTIESQRZEHAL, #
EZTFo T35, BERERISBENLDHOKREMT
RO TV, TOREEEHOTHIEZTS M,
RETIVZAETOT 2 EANBETRAWREDH
EHS, TR TRRBHETD CLERAETH - 2.
L L5, REA EORBRES 1.5km SINTEL
TEMD, AIEEZER 1-3mm BEICHEEIE-%, 3km
EBA DAL 0.5-1em BEOBRERD DM, TNT
LEBRIZHRSD &M E N,

FxOm5AcRIOF s (P283, HSS, SGM, SGM2,
10Y2, 10Y3, KIW)ZFTHRIL, 28310Y3 £k
{BEAEDHBRTRADERMARRSNS., —F, ¥
XAMSEMORAAKG, HNK, HSZ, K4, K5,
Ke) 2D, 7R THREOEmERLTWS.
N5 OB, BEUEDIZ RN EE2EET S &,
KEMREMEZHHATES,

£< ORRRT, KESERNSBAD 3 r AR
BazE@ERLTWa, ZhO%E, 1ZFEKROER
BENTWS,

BbREEH LKL, SGM-HSS(1. 1km)HIHH
T, #) 6 4EHTH 73cm PHEL, HETH 1 » AT lem
DEIBTERLETTNS,

£ ORI BWTHEHELLRRSNDH, £of
TH SGM-HSS ORI, ORMOFHEN &N
T, 1-2cm BEOKELEREZE> T3, Fig3 |,
ZEMEELAR<S< OMBEHIC, BEORBEELMGE
R L REELSINEERERRLE., BHEL
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Fig. 2 (a) Temporal variation of slope distances in
the northern network from CJB.
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Fig.2 (b) Temporal variation of slope distances in
the northern network
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Fig.2 (¢) Temporal variation of slope distances in the

southern network.
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Fig. 3 Seasonal changes of the slope distance,

precipitation, air pressure, and air temperature

at P283.

3.2 GPS Bil-Bir-BR

1EEH® GPS #i#llid 1999 £ 2 A 17-26 B, 2 EHA
12200144 A 13 A-27 A, 3EHIZ 200147 A 14
H-30 H oIl TiTbhiz, GPS Z{E#iIL, 1B
F4 H#MO System 300, 2 [HHLEIIFELED
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System 500 %MW, B 27U 7RG, wih
H 15 TH B, 2001 F 7 A OEER EHROEIC
i, 187U T TRELTY S,

BEILEIDO GPS BRRAER % Fig. 4 ITRY.
HEEEAREOBRASEED S &, GPS OHRAK
BLET 31 R s, *¥HITRL TS0, EDM
HESELTHALTVWERTHS.

AT 7 NI T h 8O SKI Ver. 2.1 2R L7,
FEICAWEEEOHERRI, IGS A% FTP TRt
LTWaEHEBE2HALRE, Tk, ERSEHETS
B2iZ, The Astronomical Institute of the University
of Berne (ATUB)#' FTP Ti#RftL TWa5 7/ 0—NIVE
BEEET N RNV, 4

BOOERE S EE L HERO GPS HEBHALTH
BRASNEOT083)ICE V., TORIEHRD WGES84
FOYREEERD BB, WNCRBELTWS
IGS DE A KR (H W (TSKB), 8 ESuwon), FH
(Shanghai)Z2V 77 L > AME LT, KANEDOER
21HITEIEELT, 10 HAOEYEEH W £
hENO IGS ¥ L OFHERRIL, ITRF2000 IZ2X 5
HEANY MVF—F Dot EUTHEAL T3, E#f
ENEWEDIZ, BoNERHEDOIESDENKE M
S7=DT, LHENSKELANBMEIT, LTS
BRI L 7=,

H RO NWEORGEMAE, AEALD
CPS7L1HBANLD D, KkmiZEMNTWBODT,
HEEELREIEEHNT, MEEEARARE
WHD—DOTH5B P283 IZBW,

— iz, WREHERITSHO GPS BT
B, F—YEEESLTHEEM LSS0, @
RBE, S RAMOEERMZTSA, KR TIE
B2 aflh S EGBRET S CEIIRBETHS L
HEN, TTT, 15 5~30 FOENT—-EOHEE
WABTEDTEDHEMILEMRIERapid static
method)Z2 FHWT, ZRADHEE GPS BlllzRAz. B
L RIREEERICEREL 2O, 2EBE 3EE
? GPS BHiTHD, BEMLNEESIT, BY¥OK
BT 15 B B (Static method) & IZEEMIZIIFLE
MUT7 L2828 km DRIZBEL 2&i2&- T,
EEOBEMEOREEYE (Ambiguity) DRIEECER
BRAREHOKERRUERT 2E50BEREE /NS
<L, HERNEz2EEOBRLEIREBELDBELTSZ
LEMNTEZZEIEMDH B, TORD, KIUHIBEO
ONREBECHASZRBETSHAIEDTHS

(#1211, Shepherd et al., 1998).
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2 BBV L RARELTHERATAZEICELD, #
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HANICHER AR EONEREZRR T 5720,
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Fig. 4 Location of observation peints around the

Iwoyama geothermal field. % shows EDM and
GPS stations. O shows rapid static GPS points.

Photo 1 Setting a GPS antenna with a pole onto a
pin that has a hole in the center of it, Iwoyama

geothermal field.

AEOHER, HMEOMETEIREROZENR
WRHED K IRWERRRS - 74, FEDKRIC
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SGM & KIW BRI TS, 3 HMLL Lo L REET
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EBEREORBET>TWS, i, 7FTOHEER
~OREFEE, TOTFERD MR- BRR
RKREDFEEACELAD LT, REKEEES
LSk U (Photo 1). 2O &IZLD, 1H
TI1Y8 A, 3HUT2UAOEEIZHBTS LN
afRgICiofz, RESHICHWTWAEYRE, £AY
FTHEL TS, EHllFED, MEEESOMESE
EE2BALTHAE, 1AT1HSALIERIRT S
LN TH B,

{

33 06' 00"

YN

>

33 04' 48"

33 03'36"
;b\A\Qj\

131 13' 12"

131 14' 24° 131 15' 36"

Fig.5 (a) Horizontal displacements are depicted as
solid arrows detected by GPS from Feb. 1999 to Jul.

2001. Theoretical displacements of Mogi model are

shown as open arrows. AKG is the fix point.

=FEL, 2B TESEEOEN P WEES, GDOP
DOENENEEE, Ambiguity DMEZBEITS2DIC
BAMEEEET ), HEEBORENRWERIH
KBATANENDS, 2 HHOF v o R—2TfTo
B OEER AR TIE, 4 SULEOBRIZTIS
ERBoTM, B0 O FMHEE 1 BICREL T
BT FEEBPTIEIRLY, MEBEOMLE,
BROERZERT 3 Z &0 HEkE,

Fig. 5 )i, 1999 £ 2 A5 2001 FE 7 HETOH
24 5 » AFMOKELH, Fig.50b)id, 20014 4 AN

5 20014 7 HETOR 3 » HMOKEESZE, £h
FhRLTWS, BRISEEMRY MU, ARG B
HRZRESE L TEVWRAIELTERLTNRS, B
WEORANL, BRTBLIITEAETIINCOFEM
TH5.
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Fig. 5 (b) Horizontal displacements are depicted as
solid arrows detected by GPS from Apr. 2001 to July.
2001. Theoretical displacements of Mogi model are

shown as open arrows. AKG is the fix point.

Fig. 5 @) T, HSS RO AESEHLTBD, ¥
2lcm LALHICHBHL TS, ZOHMT, EDM @
SGM-HSS D& TIZBENH 26cm [HEL TH D,
RO GPS DILEELIT 28em BELTWEDT,
FERBROBEPIRZI SN TS, HORRIZDONT
%, GPS TEShEARDOEL, EDM THELoNk
HREFNNSRENME SN, 2, Bto EDM
BRETIZ, 2R ENBCOERIMEREERETRER
STz, GPS DKERY RLOEMD S, FOR
EAFHLOBSAMERLONBICER L THWa I &
HHEER- T,

Fig.5 )T, Fig. 5(@OHATHRONMHEREZ
EFRMEEMBES N TV, HSS OKERT k
JOHEN, ALOR LR I NETEDM ® GPS TR
SRR ERERSTWS T ENS, BECERT
5500, REMTHITREENRN, 2ERKE
ZFEHOMEMIZ, ChETHESNLHER KIS, Bk
NEEETAMBELUBIIBONMEEMTHATES,
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HAOOBEPORENEILICREANES DV TWAEDR,  MREIND RN s,
ZNRAEEEOEWERLDT, 3 » HHOLBRZD Table 1 /BB R OMBEFEE(20014F4 A) & GPSH
HOWNENWIERBERTZ EEDNS, §REIDE BTHNHRERT HEHMOEBIIDONTH,
LHIROE# 2 BT A7 212k o T, BERNTS 7 o FFEROBERESBIIOWTORFNELST
EHBHIKRELLADZODT, THVNHEEFHOISDE NTHBOT, FHEHL THARN,

1999Feb—~2001Jul 2001Apr-2001Jul
Narme Lt [doe] Lonldeg] Altlm] NS[cm] EWlcm] NS[em] EWlcm]
P283 33.102640 131.229901 1313.26 06 -1.6 03 04
472 33.254043 131.347276 487.93 11 -18 03 09
474 33.009029 131.286085 579.95 0.1 -1.7 -0.2 0.1
707 33270273 131.121133 381.22 02 -14 05 0.1
708 "33.078860 131.385845 518.93 -03 -06 -05 08
833 33.127844 131.206797 976.29 -08 -1.6 00 0.0
akg 33.054200 131.230683 946.99 0.0 00 1.3 0.1
cjb 33.119280 131.222034 1104.54 00 -26 05 -06
hss 33.090963 131.232734 1790.54 30 208 1.9 -1.1
hsz 33.086805 131.236707 1751.82 09 04
kiw 33.086657 131.238560 1681.58 0.1 56 1.6 0.1
rpa01 33.092745 131.236650 1574.20 1.3 0.2
rpa02 33.092513 131.237986 1628.32 1.8 04
rpa03 33.091367 131.237724 165848 22 -0.7
rpa035 33.089935 131.236874 1710.76 23 -06
rpa04 33.088797 131.235369 1738.68 25 0.1
rpa05 33.089852 131.234308 1769.11 29 -0.2
rpa06 33.093038 131.233215 1661.40 19 02
rpa07 33.094495 131.234951 1567.39 1.6 05
rpb00 33.098530 131.237067 142494 -05 00
rpb01 33.095612 131.237357 1498.72 0.3 0.3
rpb02 33.096798 131.238881 149093 04 —08
rpb03 33.097264 131.242146 1539.80 -0.2 -1.7
rpb04 33.096424 131.244977 1492.83 0.2 -03
rpb05 33.094900 131.243676 1497.45 08 -14
rpb06 33.093950 131.241474 1504.08 -0.3 -14
ob07 33.092370 1 31 241278 1507.58 03 -1.8
rpb08 33.093053 131.243186 1500.20 22 -0.5
rpc01 33091634 131.242579 1503.35 08 -13
rpc02 33.089523 131.242555 1548.08 13 0.3
rpc03 33.088879 131.239866 1578.26 0.7 07
rpc04 33.086149 131.242199 171093 05 0.0
tpc05 33.085813 131.238572 1669.29 13 04
rpc06 33.086472 131.236358 1696.30 1.7 03
rpc07 33.086814 131.235234 1680.36 07 0.2
rpc08 33.087563 131.232605 167849 10 0.7
sgm 33098144 131.240445 1509.84 -80 -52 02 -04
sgm2 33.097483 131.242824 1545.31 02 -08
knh 33.129022 131.190847 909.53 0.3 0.6

Table 1 The result of GPS survey and the location of the stations in 2001 Apr. Latitudes and Longitudes are presented
in WGS84 coordinates. Fix point is AKG station.
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4. B

HBDEHBOFERE, GPS AIROEENS 50m
Ay adZyy RE—FIZXo TERAETNGEA
BETINOREEEZRDZ. EDM OHEIE, HIH
EELDOKREVEHD 3 + A(1995 £ 11 H~1996
£ 2 )&, ERNARELLE L THAHEI(1997 4 10
H~20014 12 A)E T TR 2T 72705, D
BEOMNBEOEWIIEXEORHATH o7z, GPSIZ3H
D GPS BRDHE, 1A & 3 [EHOHMI(1999 £
-2 A-20014E 7 A)E 2[EH & 3 | HOHIM(2001 £ 4
H-2001 4 7 B)TEhEFhHERfTo /2.

RESFAEMEBHHEEOBREEZIF—KTR
$(Fig. 6). EDM & GPS THS I EDHMDT—
FH, BOEREO/NS WEEDN, BEILOILFICHE
THEREOETHHEOE FHEICHBL THA I &4
biad, ZOZEMNS, BERIKEEAZBEHLTY
NI ERNNhE, BAEEERETINVICE SE M
{2, EDM D13 Table 2, 3 IZEME T, GPS O
£ Fig. 5 (@), O)IT, FEMEZHHZORAITRL
TW3, Figh @QOEHSNKERBERY ML &%
AKEFNIZKBENAY ML EEET S E, ARIE
EEoTWAN, BHEPAEL BTN 5,
P283 BRIEANKEREMN TEHEIN, HSS B
INELFHEINhTWS, —4T, Fig. 56 bOAHMIIZE
PEEDNTNSEY, BHRICHL TRENIERE
BEVEVITEN,

FERIBEIBEVRREANTOSHEDO—DI,

(@ (b)

REEEEEREEREENEEER N
AEREEREEEEEENEEERE

1500 o s S0 0 00 WX 160

Fig. 6 Map of average residual strain (EDM) and displace:

HEOHES AHENS 600m&ENZDIZ, HEP
EHEROEMATR, FHARREOMEEHZT
TWBEEZLNS, HIZE, Fig 6 DEREOHES
MERTHB L, HEMEE TREOBNFEHEAHT
TW3, £/, Fig. 5 @D &SIz, HSS WRFIHNIX
EF<HOTWARBO—2E LT, BEROEENE
B ETHINTNS ZENTFHEINS, 51,
HiEEIERIC K2 RE CRIBOMBER T —F 2 H
Zi2EMUT, ELEAROMIKEERICANE,
K OEBHBEBETN EEETOILENDBES
Do

Sudo et al.(1998)i3, KEZBROBIZEUHK
OFIAETHBROBELZ L T, EHTHE
Bk THEUEFMHEEIIOVWTRRTNS, Z0C
&5, Okada(199ic k370 hE2FFL, H
AXOFAOETFIMEZEEL TRNEEZHATES X
51K/ A—F —EBELTHE. LbLAKS,
BHEZ L <HATEBZ LI BRNTA—F—TROH
Slhol., IO EMS, HFAOFTAEZIBRESR
R4 LB, REOFHWEH LB 2HIEL TH
OLZEDIZ, BTEERECEEEZ SIS,

Table 2 Results of model calculation by point source.
(11/Nov/1995-22/Feb/1996)

From To Obs[cm] Mogilcm]
ioy2 sgm -1.7 -1.4
283 sgm -3.4 -2.8
ioy?2 hss -12.4 -11.9
283 hss -8.0 -1.8
sgm hss -14.4 -15.7

!

{c} (d)

Residual
P i

o Low

000 A o

ments (GPS) versus horizontal and vertical source position.

() EDM (11/Now/1995-22/Feb/1996) (b) EDM (13/0ct/1997-7/Novi2001) ) GPS (Feb/1999-Jul/2001) (d) GPS

(Apr/2001-Jul/2001)

— 639 —




Table 3 Result of model calculation by point source.

(13/0ct/1997-7MNov/2001)

From To Obs[cm] Mogilem]
sgm2 kiw ~184 =349
¢jb2 k3 -1.2 9.2
gb2 k2 -5.9 -8.2
¢jb2 ki -214 -249
cib2 hss -355 -153
ioy2 sgm -58 -2.7
sgm ioy3 -17.9 -21.2
ioy2 ioy3 -130 -129
283 sgm -11.8 -210
ioy2 hss -36.7 -25.2
283 hss -38.8 -26.1
sgm hss -44.1 -37.1
283 " iov3 6.3 06
hnk2 hsz 95 7.6
hnk2 kd 94 6.2
hnk2 k5 8.7 88
hnk2 k6 22 5.8

5. IEhREMBENTIBEER)

BAET VOISR C SROE FICAEL THW3,
C AN, B\EHIHOP THRLIEHHES LIS T,
1961 £EITIZ 500-600COIFIHIF LY /T KEE ATK
AL EBRHL TWe(Mizutani et al., 1986). 1995 DK
RSUBRLETD S50CREDHERMIEN 2 2L THD
(BOiEh, 1996), KEESELEOERRAETY 300C
P EOBSREEZR-STWS (EHIEN, 1996). FOHD
Buch, CEROBEBETRLERTHS,

ZORSHIROBE T HSUREAEAL, &5 LT
LHREEFEFERILTHEOESIN? ZORE:
R T BT, BREDEOREE(COMBIcONWTH
A THDB,

Fig.7 @3, 7V 2—L451 X (Kagiyama, 1981) iZ
£ BHA O craten)’n 5 OBEOBH T RN F—E&, £0
HHT R F— IS T S ARKOBRHBROREIELZE
RLTW3, KETEREEL, HCOW EBAZL54T
FNF—BHHL THE, ¥ A TREIEK T RILF
—hb Uiz, TO% BEEEDIRLANS, RLCE
AD0D0H 5.

Fig. 7()id, EDM @ SGM-HSS HiROE(LRERL T
W5s, MEZEOWHELERE DY RLTWAOT, il
EMRENEL 723 E AT EojEdtkE< kB, L
2T, KAKFREEIMEWREISE ~1 B, BlE
FEENREM- O TES DEPKREWY, Fig. 20056 H
HEMREDIT, KETIERERRBRIREL,
ABICIEEF—EITRIDOHNNS,

N5 2 DORFEEIZIE, MmuMBErRsNS, 20
Z L, BMEEEII Lo THREENREC TWS Z &4,
=TS,
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Fig. 7 (a) Temporal variation of fumarolic energy flux
and equivalent weight from new craters for the first
three years.
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Fig. 7 (b} Contraction rate of the slope distance
(SGM-HSS) during the same period as (a).
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Ground deformation

Ground deformation at Kuju Volcano

Makoto NAKABOH*, Hiroyasu ONO*, Mikio SAKO*, Takeshi HASHIMOTO*,
Yasuaki SUDO*, Takahiro OHKURA*, Shin YOSHIKAWA*, Mitsuru UTUGI **,
Shin’ya SAKANAKA*** and Anthony W. HURST*

*Graduate school of Science, Kyoto University
**Geophysical Survey of Japan
***Faculty of Engineering and Resource Science, Akita University

Synopsis

A phreatic eruption occurred at Kuju volcano in October 1995. We deployed EDM and GPS networks around the active
craters of the volcano just after the eruption. Slope distances of the survey lines in the northern network have tended to

contract, whereas those in the southern one tended to extend. The maximum contraction observed in the northern network
was 70 cm over 6 years. A spherical volume decrease just beneath the fumarolic area is a plausible model for these
changes in slope distances. A noteworthy feature is that over 6 years after the phreatic eruption ended, the deflation rate is
still approximately linear. We also estimated the thermal energy discharge by fumaroles in the new craters. Temporal
variation of the energy discharge is well correlated with the observed deflation rate. It is strongly suggested that the ground
deformation around Iwoyama is caused by the deflation volume of a geothermal reservoir.

Keywords: Kuju Volcano, Ground deformation, Fumarolic activity, GPS, EDM, Rapid static method
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