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Formation of Volcanic Fluid Reservoir
and Volcanic Activity
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Kusatsu-Shirane Volcano Observatory, Tokyo Institute of Technology

Abstract

Kusatsu-Shirane volcano is one of the active volcanoes in Japan. Eight phereatic
eruptions occurred in the recent 20 years. The chemical and isotopic compositions of
acidic hot spring waters, lake water and fumarolic gases around the volcano were ana-
lyzed to elucidate of the hydrothermal system, which is related to volcanic activity of
Kusatsu-Shirane volcano. About 1X10% m?/day of volcanic gas from the magma is
almost condensed under the summit, and is formed the volcanic fluid reservoir. The
concentration of Cl~ and SO42~ of the thermal water in the reservoir are 22 g/l and
33 g/l, respectively.

The volcanic earthquake increased from the end of 1989, and the total magnetic-
force decreased. At the same time, the concentration of H,S in the fumarolic gas
at the summit decreased and Cl~ content in the crater lake water of “Yugama”
increased. These variations of observation data suggest that volcanic activity
increased due to the increasing of the flux of volcanic gas from the magma to
the volcanic fluid reservoir.
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1. FC®IC

HATEZ S KKK TEIIKBRSER TH S0, TOREBBIC OV I mISE
ATV, R I ZFOEBK, KT R E2 KILFEKEIRY, ZOREES 1 FI 22
DFEFADEK OFEERBEHR T2 LTEEREEE L TR s Tn5, (k& o7
EIZONWT, H<IEES (1956)1ICkD, 7 M7 OEKIES) & 1 Oif 515 B OB 12 &
°C, R 5 OEUKAINKET TRAH LIRABICHBEL, SHIZEESTAELT, WHIGERAKELT
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Fig. 1 Location map of hot springs and fumaroles around Kusatsu-Shirane volcano.
@ : Hot spring, A : Fumarole

BHTOETNAMMRE SN TN, FHILES (198DIZKSBEONERELOH FIZ370°COSHE
2ERKEEBOFREZEML TWD. Z0Eh, BROEHEEHFO-OEEDEZ AL
EZ < DKIUTORKBEDETNAEBINTNS, ZNS5DEFINTRINTVSH T ORUKR
&, RROBHERZT TR, BKROFELZKIUTOKRIERFRECHRERLTNSE
EA5N5.

BRI IR ARSIRFE 218 VIR T ER ARG, SR D204 /I8 O/KRTURFAHE LIEH)
HBKILO—DTH%. FKILOWLIEI, BEICESHT ZDBK OB H DIESHAK O S
£ DBHY, BEEOHKEREATNS. BEOEADOEIIRAOZHLICRELTNS, s,
TR AE S R SIE B K I OB MR RIE B2 5. BB DB R R O HIdH <,
INETEZKITOLDMEIED SNTNS (Fig. 1). KFE1966)13, BEEEROBHIL, HTFA
EMERN AR, HARRS HVEMR L TBHT SRR E L THHEL TV,

AT, EERARILICBT DRIK TR OEE &2 O R, TR OB PR 5 O Hikhs
BEODN T Uz, WEIZ1990F DR CEHITEN 2BE X, T— ¥ —HELEL, RIEMNED
DEL.

2. ERARUICEITZEEIAILFEDEE

FEER BT 2B BH RS BRI E OB 515 SN R,

1) EEERLTRIAIUERIKE EHL2ORMTREL, TOESIZLUTEF500~2,000mic
9 RJINER, 1996).
2) FXWILIET TR Z2KIIEHENE, [KHEOEBANTBZ2EERE TH EHHIN
TS (K, 1996).
3) KIUNEENTHE D 2R OEIE, BEHBOBES500~700m T 2 2 B4H CHEIAIN TS
(L iEAy, 1992, FHIFH, 1996).
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RENET BN, —7F, BRK, KUHRZEDCEMRK, FMEERZENSIT,

1) RTRITHRT DIRFAKFOEH 1 A, WA A EED, ILEIGENE RIS EENS
<, WTEDSEWR IR O a5 DR IFE L.

2) WIRIGHVER/KOEESR - KRRMARRKIL, <7/ <REOKESZEALTNS,

3) BRAKFOM)FILABREIUEIGIVWERESES, BRERIZFES . BVRESIZITHEN
KIKIMEBELTNWBZEERLTNS,

4) WIRICHEH T RN A, KEKBEIKIOIT%T, BN ZRsMIHLS ECOLET, HC
SOUFIFEALESE FHz,

IREDHIRME SN TS,
INSLERIRFZEDORERIT, WIEMEO# FIC 27 <5 DK I ZICHET 55 EE OELY

1A, WMBEAF > EEVRKOGEELZTELTBD, )W FERETRANES LIESAEL

THEHLTWS I EMHEIND. £z, HEDSEWHOMRREREMEDE, BKIZLTET500

~1,000mfHETH R & EBITHEEFEBEZHRL TNWDZEE 25N 5,

3. KWiFttEDER

3.1. ¥IEARIKPDIEYIA A LTI A A VB

FERARILILITE T ICEEIHEE SN D FARE B th 08K GIEIEUK) DALY A 4> EFsle 1 o+
COREZE, RTIMEDKIUTABERITER LU TERTDEL, £/-</ TEIEDKDKER
PR Z 6 D=—30% &{XE LT, RBKDKBRMAKL EMA A OWEEOBIGNSRkDS &,
TIBUK T DALY A BEI322g/], BRBE 1A IEREE33g/1&785. COEERS Y /KO
RENMAKRLLZH N THARZLEDERN,

3.2. WIEBUkEEB I THSOKILH R/

EiR DK LT AR DI FA R /R ERZBEITLT, ITIDS5EET 5 KILH 2 DH,OEEE %90
VREREL, ERBRAA L, B OH CBRIGE TG (SOy+H,0=H,S0s, 3H,SOz=
2HpO4+-S+HO) THERRT B E LT, Cl™ 1 22g/1, SO42~ : 33g/I DIEE i DFI B K Z1E 5 k
WA AR ZRD S &, H0 1 90%, HCL : 1.0%, SOy : 0.83% &72%. 5 0I3H,S, CO,, Hy, Noiz
EDOH AW THEENS. SO, 0EHCEBILBITRKEICIR ERRBOENIC, 4H,SOz=
3HaSO4+HoSHH 27, MRKISDEIRRENRHTH D, I TIEEHREBMLT D010k I0T
LEHERIGBTTRIG DA THEEA A R T 5 & L. SHETRDEZ TN SREED AILH
ADHCL, SO RE, #IAITEERESR T, EHAICEHARENTNSRZ00CHKAILH ZHD
W AR B EITTNZ400.56 %, 0.66 % (Matsuo et al, 1974) TH5. A > FRIT7PryUERAS
EKINUTEIZ & 251800°C DAL 2 D H A R4 #1372 1-2410.4%, 0.95% (Hirabayashi et
al, 1998) TH D, 7 AT > KRSrutsey kIl 1963F M A MIZEREEN7-1123°CDKILIH Z o
HCHREI, 04~1.15%, SO 131.8~54% (Sigvaldason and Elisson, 1968) Tk 2. Z#
SORTINOEREDS SN EEZ BNDEHBDOKILA AR OEH ZRASEE L#HRT, 2F
HE LERARLIOYT NS08 U kLT A OHCL SO, EEEIIFE Lz,

3.3. RUIMSDKILAREIRE
ERARIICEE L T AEEN AITIHCIESORIFEAEES TNV ENG, TIMED
KILAZFOHCIESOFT N TRFEAFDOCI™ ESOL2 ™ ELTHIRICHHENTWEELT, <7
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RN DKILT 2 GEE RED > /2. RED D ICHERT —YI3FNFNORR/KP OEA1 7>
BELEHETHS. HEARUEDICENT2RRKDD BREBEHEDLWE RIZERERT,
RER: TEEREGM) O(LEMR 2R DIRREOEHEIZ15,000 /minTH 5. HRIGEROEH
&135,000 I/min TZHUTKR <. ZOENHEEORERREZEDKE, BHEHMA T, HEAE
WEAIABERAKELTEHT ST/ IREIEDCI &1312.8 X 10°%keg/day, SO2 ™ &1327.5X
10%kg/day EEHEEINS. ZHEHD OO INSDAILT A&, Cl™2HEEICT 2 EH8
X 10°m3/day, SO,2~ Z2EHAEITT 5 E11.6 X 10°m3/day &725.

3.4. EERRLOZEEBBKILFEETEEDER

BEEARILO T OO BEIZ T2 ITHSMNTESN TR, 199347 AlcAH R oMl
F1.5km, BEIF1~2kmOEI TV IEHCEE L2 EE X 5N TNWS AR E/aiE N2
BIFELE ZOIEHEFEERTDE, ERABLORTALFRAEE, WIETF3kmEo<7<#E0
M5DH0 : 90%, HCL : 1%, SO5 & 0.83%, 38D : HyS, COy, Ha, NoZx EDRLEL 2 DAL X
MIHEBREZOKLIX 10 m3 G ah, ZhAUTE T 500~700mAHE TIE & A EDSEERE L TERT %
BukzEEL, THUTKITH T DEMBEIVNIWHS, COy, No72 EDH AR5 55K >
ERK2HTH D EEZ NS, EIALFAERERE TIEALA ZFHOHCL SO213Cl~ £S042 71T
BoTEIBE - BMEEOBUKERRT 5. BUKOR T EETIE, BMTEBELEZRKDERE, K
BTOEINEGA EOMEERICL2EATORBRS OEMAE 20D, BUKIZEII KB R
RELTEHTREE AN Fig. 2). Z0E A, IHTEOREAIFENSEEE RITNT TERS
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Fig. 2 Hydrothermal system and budget of volatile components at Kusatsu-
Shirane volcano.
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NJZed v RIRE (EERETERD OFRER TS, M FICERKDENAD D ZEANRBINTRY, =
DREREFE LRV, iz, RAEEERE T, KITHBEEITIC WHSS, COy No/s Eldk RS &
EBHITER T A E L THIRICEH T 5.

4. EZRRIUDOKILGFEEXILES)

BEEARILTIE, KUEHNHELER O ) 1 oncenration gl :
HBOFEAIDIZL, AIC20~30ETHBA, ] ,JJNMhamA p
19894 KM 5 19934 tH £ THIBIFE D 1 jﬂ” N
TER Lo ZOMIASEDOHBEE ™7 v
WEEE42ETH- 7. R, WEILENE oo
BEFAKILTROBEN S < ERmESH AR
DHEALKRIBE BRI LI Uiz, RIREGHT A 20" o sown s o svous suoimr osoion st

40 —

T OH,SIBEE D2 LIT A ILTE By & 52 1 BE | HiS Smissration: (4} e
LTHY, TORENRIONREETERTFTEE ] e
TS D T EAREBRIICH] B0 & T T mfﬁ;:\\ﬁﬁ//v%”“

W3 CEH, 1997). 2D Z&id, KIfEED ] e

EFRTII NS DSO MG EAEML, H {4
TTSOLICH U T2MEDHSHE B END  satr o swvmr s s s oo oot st

SO2+2HS=3S+2H,0 D [ iz A, i 7] Earthquake
KT SR AT OHSEEMETF T2 ]
ETHHATND. ILTELRIREST X o OH,S i
BEORED EEBIT, BEHKTOCI BRI
MEZ LD, ZOREELR, ITINED s ]
HCI#t MR OB EE R 2 2 & TE5 (Fig. o
3). THIT, AIRDOHEDEIFE TOLN D T e e oy s
ETFBRHZERLC UTHE> 2 (FHiFH, Fig- 3 Variation of CI™ content in “Yugama” lake
199, ZNSDAIE FHEHLOKITE e s ooy S vocimm e
BONERM LI EERRTHHOT, EAK
EDER SNIZAVEKITIZEST, 19924~ 1993 FEN SILELICE U

INSDHBARIE, WINHITINE ORI AR B U 72 Z &1 & 2% ERA LT
HETORE L5752 WS g ) Ofkk, HEEATOREORS), KUK 2R HOK
IEOZALRETHIASN, B LFAETEE AT COZME & KIIES) & OBIEATR Y Z &R0k L
T3,

5. ¥ & &

HEARILOITE FRBICERT 2[NS 22 KILFAZEL, KERREREREITS
SORILERTIZBHER L THWD ZENTHIN, KEIBROFREICKEEDLEEZL25N 5.
RICRADILERREB L UEDEML, TEODY A FI 7 ZADREB(CEMD Z LD, KILIEBHOD
R, HAOHBEKOMEE, BAOREWEEZH S E CTEERMHEHRETHS.

HARARTBREZE L, BEIESINERZERARLICBNTE, ThETERNIC
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Fig. 4 Observation system for the volcanic fluid under the summit of Kusatsu-Shi-
rane volcano.

KB Z DK, KAL, KE, BEEKIEEREDFRERERE, MEDERE, GPSick
SR A B OBHIR AR SN TNDH, 5% 51 B ERHERE OB 8T/
BRUBRBM 2 EOBHSIENBIRIR K OEMEZR D 2 & T, FAILOKILITESORHEIE &
MART > v ) Vi 2175 2 EAETE I T\ 5 (Fig. 4).
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