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The thermal activity of Iwodake volcano is characterized by the predominant volcanic
gas ejection at the summit crater and the heat discharge from high ground temperature area
which is distributed widely from the summit crater to hillside of the mountain. The volcanic
gas at the summit crater is of magmatic origin and its temperature is observed to be 880°C in
maximum. The total amount of the volcanic gas discharged from the summit area is
estimated to be 150kg /sec from the SOz measurement and the chemical composition of the
volcanic gas. The heat discharge rate form the high ground temperature area at the hillside,
which is distributed around the fumaroles is estimated to be 50MW from the surface
temperature measurement. These thermal activities of Iwodake volcano is thought to be
continued for more than 800 years. A plausible model to explain the long degassing of large
amount of volcanic gas is magma circulation in a conduit which extended from the
deep-seated magma reservoir. The continuous active degassing probably causes the
hydrothermal system within the volcano because the volcanic gas ascending the conduit from
the top of the magma to the surface is diffused to the surrounding formation. The
development of such hydrothermal system is studied using the mathematical simulation.
The result shows that the overall thermal activity of Iwodake volcano such as the volcanic gas
ejection at the summit crater, widely distributed ground temperature anomaly at hillside and
hot springs along the coast can be caused by the degassing activity. The important factors in
order to induce the wide-ranging hydrothermal system are permeability of the volcanic
edifice and the depth of the degassing. The simulation indicate that the permeability of
10'13m?2 and the degassing at sea level are suitable condition for the Iwodake thermal activity.



96 W B

I.IXx € & I

TEBEN 72 KL, TR 2R RIGEIRCE O J8 PRI IR AS 2 Hh i B F ek 7 & o2 B i 3B
END. ZOLIRENL, HTFICEALLY<ICRERL, FEEL7-0THREELT, v
~ZDH O L FAFOMBEOM K E OBIRE, ~ 7~ BT A LI KILH 2 DFEINRZET B
% (Harris and Stevenson, 1997). HFfi] R 7 — LSO A 77— Ly 535 2T, BT ADRENC
FDHBERREVWETPHREIND. —RIZ, KIUTARKEZ EH L TRE~ZEICKB ST
%A, TOEBICIFE LS T 2 KT A 2B L LEEBOKRRKILERNICER S LD
(Stevenson, 1993). AimCTix, WTEKDIZTKRIUAT ADREPRS CTIHFE 7R, TEEER D B E
HaERRE L TRRKROEMEY I 2L —va v 2 E T D52 LIk, BAA LKL A% E
RE LEBUKRDOEEBRIC OV TRFZT Y 2 2 IcT 5.
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Fig. 1. Topographic map of Satsuma-iwojima.

I. REEZORNZFE

i IIH 5.5 km, FEIL4km OKILET, BAEILT 7 OIERIIAET S (Fig.l). &
WIZIZAVT ZRER S Y, ZOWNMINZIE, BANLVT 7 KILOREER S 5. FEE T, BEEK
400 m OIUTEHK ANES L O DJEIDIC K < OMEXHLBFAE L, {5FE2MEKIREI 23 5 i 4 2L B
Bk LT\ d (M, 1993). MR OREIRL T 850°C L THIRTH D.
KILH ADIFRIC LD & (FEFAh, 1993; Shinohara et al., 2002), LTE A QBN S S 5k
IWHADIEE A EPMT O~ 7~ IClKT S, FIKIUTADME L ~ 7'~ O H A% B
THZENWZEY, BT AOEEITKERE ENRVEWEEZ LTS (Saito et al., 2002) .

WIEAOENSRE SN ZKUAT ZAOEL LT SO OHENAFEMICE S TS
(Kazahaya et al.,2002) . SOz it &3 F-#) L € 500ton/day T, KIUAT A DMK EZEET S &,
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2R & LT 150kg/sec D KIUA AfHEICHINT 5. ~ 7~ T OFERBYER D OEE (Saito et al.,
2002) ZHWT, BARICHE L7 ~ORBERELD 2 ENTE D, TORE S,
10m?¥sec &7¢V, 30 F Cifff LOMBEEDOHEBEICILHTOIREITHD. ZOLIITKEDOH
A TR CRIFICOEVAEET D03 FOEWE ZAICKED~ 7~ N FEE LR
R B2V, L LR LZD X D REHIFEETRVOT, KENY 7 vHEAEBEZL LT
% (Kazahaya et al., 1994). T, HITFETO~ 7 <BEV DLOVLKENE, TAZEA
FgN~7~BERL, WHALTEL ol /~BFRTHLEIRBRETHILICE-T
KT ANZENMAEIND E VI ET L THDH (Kazahayaetal., 1994). TAZ G~ 7~
EEFEROR T OBE, MEREEBSETHE, ZOLIRFERICE > THBRIEND L5 7k
WA ARRAET DT, KEORL LT 30-70mILETHD L) BEED W 3MTbhTn
% (Kazahaya et al., 2002) .

(a)

(b)
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Fig. 2. (a) Photo of Satsuma-iwojima taken from the southeastern direction in the sky. The discoloration

area along the coast indicates the thermal water discharged from the hot springs. (b) Surface

temperature distribution by the infrared thermal camera taken from the airplane.
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ToKERE FRE L@ S ALUTILTE R ORISR DAL, haRIRE 2 R 3 fafik AR % 2k &
L 72 ARIERE S LN U TE S K ONUBEIZ /94 L Cuvv5  (Matsushima et al., 2003). Z D X 5 72kl
HAZ T DEKILBZHAFAET 228, ORI R 2 R mIRE 2 73 VWb 2 ek
DYLIR->TWD (BILf, 1966). BTG OREE LT, ERALLEKHN LTEX QRO L2
T, WEOR 0 ILWVEIRICHD TV IER > TNWAZ EEHIFHZ N TE S, Fig. 2b IR LD
132004 4F 10 A 6 HICHIE T O 1227 b AR FNAWUGIEE 2 FIVCRITE U 72 Bt s T 0 #1315y
iR THS. 100CICET D & 5 RIRERFITILTEA QFICER L TWDER, H+-EREDHhE
FOIRE DRV EEIIE, IWEOR VIESOERWE Z A ETIEN > TOAEFRDNDS. O
PEIZILTER A O BA) 1km OFPFANTH 5. B sl B OWEFRRICIR > TE /e Y OFTT&
SR > TS (Fig. 2a). ZHUE, MEFECTRAEMNRE L TWH 720 Th D (MEFAET,
1976). ZOWMROMIICIE, v/ ~ICERT L 0EEGLHALEERVWEARH L, i
EOBETHH L TOWAIRRIZOWTE~I~T 4 v I RN EEATHNS (BAF).
WEmRESAG (Fig. 2b) OF —4 %

JATC, Sekioka and Yuhara (1976) D J5 x10°

TR X o TR b ORI % R 7= <10
ZOJFIEE, RERE R T RE AR FE
T HIE & OO BHEE N &b
HZEILE o THBRERD D, ZOR
(ZLEE L 72 BARERT Sekioka(1983)12 72
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Fig. 3. The relationship between the surface

temperature anomaly and its areas.
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By I 2 b—3va T, ZAEBETOKES, BUK, KU ZOFE) & 2tk 5> B
EAFHAT S (Matsushima, 2003). FEfEHREAL, Yo —ifiic L 2ERORTE, X —ii
LEMREN S R LBDORAFEN DD, B, I, HEARGEOLLEENLEMS ZLITL-T
EHCHDIES, BE, WHRAMEOER S E T OREEEZRDD ZENTED. TOBENL
BLipd, KOHAOYMITIRETE OB L LTHX, SRR, ERESEMRERE HE
OKBEEIESH S0 U052 5. KEFED S 5, FRCEEROXHIEOFE KRR CTHSH. Figd
WCEHRAEIR E 7Y > RpEIZ 3T SHRITMRAE 2 RoT TIT W), B 28Rl L TR &2 5 2 7.
BERGME, ERICRIRERITEE, ARICEEN R TRE S §KEE 52, TRNEEE, &
KEESR L L, Y=L LT, HANZEERICHIS LToKOFAZ, TRNZHIEEGE I LTz
BAMASE. HEERE, ~ 7 ~, kiE, FAEOMENH2Y, v/~ id—EiRE (300°C)
TRGBKEL, ~7~DOEEDOTY v FIZHAT ALY T 5 RBETAD Y =2 L LTHE L2, Kk
BN 100m 1%, KENV 7R RBERENDZDOFEMELE L TR KE S
(Kazahaya et al.,2002) #&ZICLCTHx7-.
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Fig. 4. Grid configuration and source conditions of the mathematical simulation.

FECHRAAZITO &, ZOHADOTWAIC L > TREOHBRIEIL EAT5. oL XENNEA
DIFEEFRIE A B2 720 KD 1T DI DT KEDBE KRR E T REL THRLERDD. 22
TIRREFRTEN EREMZ 572012 1010m2 & L. #EICY - -T, MTFAKEL YD BETE,
ZERRAMNZE5 T 1= SN AR, T A K& 3K T Shiz g & A2 L Tnb. 2
M, B RN OB 51T 2 KB OFE R HES VT D (Figs). BNOHLFAKALIX
FHFOETH L b ODIFFMKEICHELLS, FEmOm U T THD. v~ /XU AD Y —Rp L
EEZBRWC, ARREOY I 2L —va v aEET L E, LA MALZRAE, ETHT
EIRE N M~ZB L, RN TR LT 5. EFIRIEICELZ & & O FKRMIE, BkRIC
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wf U CHIE OB KRN SWIGEIZIE@EL 2D, BARBRERREWGAIIEZOH 8D, X
FIFRFBRBHICONWTY I 2 b— 3 U EFEM LH R Z TR THI & A KRR
1018m2 £ VW K& FHUL, HTFARMIZRE X FWEAKEIC—T 22 B30T, %< OHEMIR
TOHF & AW T2E MR OB 2 BER B T X, ZoEid ERECTy. 22T, U
DI alb—ia T, %E@émﬁﬁ%lm%ﬂkbt 7B, TOXHIBARIREOY
ab—ya BT AEFREBORE, Ehofiz, RIERL~v7~ - BKROVIaLb—v

100}

50
0
-50

-100 L108°C

Fig. 5. (a)Location of the observation wells. (b)Water level and base temperature of the wells.

BUAPHIRREL L7z, RICRR_ZX I~ ~DiREE —TL L, Ziud, kEx
MOTEERIC L - THICRIERO~ 7~ PEH L vt sn oo Ths. 2L, HEOHA L,
ZDIREIE 300CE LTHY, EEO~ I ~OIRE (950C) LV IEA72 &, Bl A& E
L7 ADY —ADIRES 300°C L L7z, FEEEO KT ADIRE (KT 880C) Ly, 1
SET 300CHOMBGER DT Z L E—X 3.0X108J/kg T 1000°CD T > ¥ )L t'—4.6 X
108d/kg DB L% 65 /3—% L b THDH. LN o T, fHEIND IHADRE S HERIZ OV
T 30 N—t v MEREEBDICFHR STV D
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V.5 & & B

V—AE LT EHORKE FTHOHMBREGRDOA, T~ vEHELLZLD, w7~
ZTBH AE ) —AL LTHRELELOZZNEIURT (Fig.6). #IHIZMHE2 5 H%E LT 800 &4
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Fig. 6. Simulation results considering the source of (a) rain only, (b) rain and magma, and (c) rain,

magma and degassing, respectively. Gray scale indicates the calculated temperature distribution

and the uniform arrows indicate mass flow directions.
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BORIEEZRT. ~ I~V ORBIC L o> CTEKRDIHREL, I HTEFREBICRD ECHEFELEL
72, ZORERERIE~ 7~ Oy REHKEICLTWD. ZHUE, % T2 X ) ICBIRIRER & oF
JELRWERETH 5. HREROMO T, REXRE T, WIEOWREN T mERHTRY. 2720,
T T E BT THDICRAIOKRE ST —IZLTHDHDOT, TORE SITERITR.
K & HFERBGR B A O ERHRICAOND X 5 ITHENHEE L-FABIIEZK T L, HFAKHE
L2 & ZA TR L CO AT R0 5. RIS 7~ E230E LIZEE, BURSInb - 7=
ZEITkY, HTFKE CRUKSHERAE U TS Z ENh D, ThRbOLEROMI N~ 7~ D~y
RO 7= 0 2 SH T KB > TRIF IO T BTN 5. T OFE Y 13 500m FEE TH 5.
HHENDZO, HEHEOLRTECIHIZEAEBRENRAONZNE NS Z L THD.

~ I <D~y ROBELICHH A% Y —2 L L TONASA TS OBESA N —ET D,
RPN AR L OBVKIC L VIREN EH L, HRICBWTZEOIEN 0 IXAEO LS 700m
FREICRY, MFIMEREOBIE L —8T 5. BRI OKEARIT 20MW LatEsh, #
HME G505 50MW L DIF/IEWR, Y=L LTHERZETADT 2L E—RERED
BONRETHLHZ LEEZBEBTNIEFEL TRV EWVWZL Y. 20X 5 RIBERENERNSL DI,
JEATADIEE A ERKEZE > TRANEHEND OO, ZO—FH3KED LR TEMED
HE~EGE L, IHARNIC T A8 L OB KD B R 2BUKREIERT 20 HCThHhoH. 2D X 9 Ihk
FETBMI S TV D X9 RINTERLE COBEB AT 572 0121F, BV A KD RBAR
AR ThD. KiEx ERAT D KIUTAO—HBEBNERT 2 2 LI k> TITERS KOO #L
IR S, DI, EARUE~NRTL, v 7B E L7ZBUKKIROMR L G I 5
T LITR T, BREEAHTKMEISR - TERICED, WEERAT ORRIEE 2 A L T
HERDHIENTED.

DX T AN KIE A LRI AR O HIEA~BORT D Z LI X o T, (HABIETOEUKR
BT H720I121%, ZoORBENKE R EE RITT. 0L 2IMEOBKFRETHY, H O
O L DIIBA ADIRETH 5. JHFHOHEOBRRED /N E L 72D & IR OBIRE B OHIBLIT/ N &
<72V, WIZJAPHOHE OB KRN KE K 725 L IHEOBIEB ORI R E 7o D. BARHREK
MR ETIEEFASERT 2 KUTZAOENRZL 2D, NSTFEEOEND 2L RDENLTH
5. ZIZTE, w7 ~D~y REKIEL Lz & &0, BRRENRIETHEICO N TOHERE
Ramd . BAKRED 104m? 058, BEFIROILD D ITKEDOEFICR S, HFRK TITKE
DOFLMD 300m BEE TTH 5. KIUHZDEHAJGEIZETT 5 720, F0 O R A 5 O ik
BT 14MW L/ SV, — @K R E 1012m2 & LSS, &0 %< okiUd AREI~K
Wt 5720, LHROMREREHRITFIEERILN S, #RICBWTH 1000m % Z 2 HHiHE T
IREREDNIEN D Z LR VBIFEEL FET S, L0 2L OXIUHT ABRE#T 5 O CTHELHI
D DOFEEEIL 64AMW & 72 5.

BRI AT K512, B OBLRFH: T O T AR &2 7L 2 72 OIS g 0@ KR & LT 1013m?
EVWIHEREY THD VWD TN mhote. FhUE, MOBELL LRBINS. KODY A
D BSOS OHUSIZPIAN D —EM—E RO b L—Y—ZHASHE, b L—V—DREZLE
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EERTHE L. TO/RE, BLE 30 FRICIBENRKIZRD Z Ennhrolz. ZOWRH

IEHETAKD B Y F 0 ARREEZ VT RES S/ K ORI R (10~29 4F) @ LIRIC—
B9 (BF). b L——0FE T, WAPNREL THOMER TR 2 E ToRKE LT
REOLDZHRICL TS ZEaBET L L, MEBEBOKRIIFMNTHLEEALND.
AR COBKRI IR E 20502 JIEFT “OHOMR L LT, WA ADOEEZ 115 Z
LIRTED. BHADEEEREZD Z LIZE T, IHEROBIEBOHMRNZE(T 2 2 L BHIRFS
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Fig. 7. Simulation results considering the degassing depth of (a) Om, (b) 300m and (c) 450m
above sea level, respectively. Gray scale indicates the calculated temperature

distribution.
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N5, KENSEEOHMBA~OBRST 2 OfHY, EATIRBORESIEEFETINLTHD. £
DODEDOEEE VI 2 b—r a3 VL > TR THZ. AEOHE OB KR E 1013m2 T—F
L LEEAID, B ADYEE 2 S Om, 300m, 450m & L-fiRE2 =7 (Fig?). WENES
300m DG, HE TOEEFIROILN D IZKEDOH.LE 500m FE T, #EE 450m (X725 &
JEA D 12 300m FRPE & X BT 2D, 2o b, ERTIRESEVIEE, AEICE®RT D
KWWHTADERDIRL D2 EI28 D, ZOX AT ADEREIZ L o TILHEDEITE DR
MRV DD T EDPFEDO LTz, MEEOILE TOBIET DAY (7T00m FE) &2 5 &
Wi AT A DR T ARYEI DN E AT TN TE D, 72720, WAKELD FIZRd & KTl
THIER LA AT D L2720, PRVERNER T D EnTPHREND. BlllaND X
570 KBNS DA A R AR T D720I01E, 7~ OE R LT REBIC R B NBEN S L&
ZHND. TOXIIREBORA B =X AOMRFHISHOFEL Lz,

V.¥ & &

HRIBLOEKOTEE) & 2 OBAELZ R TOHEY I 2L —va Vil i -, MEED~ I~
- BUK R OB OW TR LTz, v 7~ - BUKROEMICVEREETRO LI ICE LD
bivd.

1) 7 ~InbOEFHIIRNAT A, K& LR35 KU ADO—3FFRAOHE ~BRmT 5 Z &
12 & o THEEE R O IR BUK R S, & CIRIREERENBN D 2 & AR SN,
AT AN NGHIZBNT Y, v 7 <2 E LI2BUKKHAER AT D 00, ZiUdIi Ik
MTIZR OB TRERF TRV, 20X RBKARER S D o2, KE
HEDH A DA — AR D B OMKGE L= ATEEANETH L. 2D Z EITKEN
~ I HMET N E T D.

2) JAFHOHEDEKEENRENT & BARFEED H HBRERE S R0 e, BRSNS EUKHR
XTI IRILR Y FFO T LT, BLEEDSE, B S e X O R i R oo fE
230 (700m F2HEE) ZFH 5 72 I IFE PR O HE O F AR L LT 1018m2 FEE S LT
b5, FBABEIIBIICIIREE TH DD, 2 THLNEIZILRSERD Rl &
BT ENTED. 2D 10183m?2 &0 5 BARBREOEZ AW TEHEIN L IKIB LW
L=t —OBENEEL, ESENOBIRIGEOKRAME, N FULARENOHTE S D H
RO R OBURIRE R & 7 & L72w.

3) MAADEENETERNZ & KIUA AN ERT 20 CRFROME IR T 5720, £
DEITRIEIAKTFT H. 207, T ADRENET X D & EABRICHRT 2 ®mN 0743 e
DR SN DBUKROBB G /NS < s, EHEOSLE, BUllSh5 X 5 2R imik g R
DIEAR Y AT D DI, WKHEREORE TR AT I2LERD Y, T L&k
DEBMPEFELTFET D, 127120, KN (K LTI 7 ~D~y R3< 5 LA
ADBRENEDL D20, SHICHRHPMLETHD.
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AR BIT DEHOBHE LT, 1) 7 ~DO~y RBHTKN TIZHDHAITER S
DEIKROME, 2) HiEvIal—ra b RS LD, FEFOHEOE KRS E BT A
DEENBHFERICT L TEDRED Y VT 4 BT 4 — 28O0, 3) Aim ikl
AL LTKRERDOIHEBE LT, SO2,CO,HClZEDME bEE T2 L2k > Ty Ialb—v
AV OREERODZEERDITHND.

HEE  HIREIEEOREICE U CQREERIFR GRS RIZ ZH AW idwiz. $ifi
¥ ab—%— (STAR) DOFATICE L CIRMZERTA FIERERICET 2K > TWhiziZniz, [
B FEAT IR R A I PR 35 R DK ST D W TRARE R 2 E D T ZH RN\, LT
WEERLET.
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