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Geochemistry of Fluids from Hot Springs, Mineral Springs,
Wells and Fumarolic Area in the Shimabara Peninsula,
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Abstract

Water and gas samples from hot springs, mineral springs, wells and fumarolic area in
the Shimabara Peninsula, middle western Kyushu, were collected for chemical and
isotopic analyses. Geochemical data analyses lead us to the following results. Hot spring
water of acid SO, type in Unzen-Jigoku fumarolic area is derived from meteoric shallow
groundwater heated up to 150°C by secondary steam originated from deep hydrothermal
water of about 300°C. Thermal water of Cl type in Obama area, which is basically mixture
of seawater and shallow groundwater of meteoric origin, interacts with reservoir rock at
about 200°C. The thermal water in the reservoir is heated by steam of about 300°C
containing magmatic He and CO,. Thermal waters of HCO; type in Shimabara and Harajo
areas are slightly heated groundwater of meteoric origin. However, it is detected that
magmatic CO; is dissolved in the thermal waters. Both thermal waters from Mizuho and
Yue, which are classified chemically into CI-HCO3; mixed type and HCO; type, respective-
ly, are likely to be non-volcanic formation waters. The accompanying methane gases
with these waters have thermogenic and biogenic origins, respectively. Mineral water of
Cl type from Karako may be mixture of seawater and meteoric groundwater, and is not
affected by magmatic emanation. Mineral water of HCO; type from Karimizu in Obama
area is originated from meteoric water, but the accompanying gas with strong H,;S smell
would be derived from the reservoir of the Obama thermal water.
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Fig. 1 Sampling sites in the the Shimabara Peninsula. []1:

Shimabara-kanko Hotel (hot spring water [well]), [12:
Shimabara-onsen (hot spring water [well]), [3: Motoike
(hot spring water [well]), [J4: Shinyama-onsen (mineral
spring water [well]), 5 : Shinyu (hot spring water), 6 :
Kojigoku (hot spring water), O7 : Tanaka-so (boiling spring
water and separated steam [well]), O8 : Karimizu (mineral
spring water and bubble gas), O9 : Kunisaki-ryokan (hot
spring water [well]), @10 : Karako-onsen center (mineral
spring water [well]), 11 : Mizuho Sennen-no-yu (hot spring
water and accompanying gas [well]), &A12 : Yugyoku-onsen
(hot spring water and accompanying gas [well]), V13 :
Harajo-so (hot spring water [well]), \/14 : Harajo Masago
(hot spring water [well]), ()15 : Obama harbor (seawater),
O16, 17 : Seishichi-jigoku (fumarolic gas). Numbers corre-
spond to those in Tables 1 and 5.
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ESHICEH T 2 EIER (H,S Z28UHIER) <hb s, KH (1973) 13, WEH NFEHhO~< /<
B D SRS e~ 7 < FEHs, ENHERR O KR ICED > T LA 28R cinil2 20 T
Wz ETNE, FRlREEROE & RERSHIARRETH B & Lic, ElHEN O 2 E, g
e (o), JEbE, ZEI, B (05 2, Hnfl, B bIRHIC X > THE S NRR - SR
92 (FEELT) 25, HIERNICHH T 2 ERICHAHE/NE <, 2h 5 OGEEE© REER
3 A e Il = & NI Ef A=Y/ e AN

AWFFE T, BEHEEBICOMT 2R, SR, HIES S CIcESHID SR 2 4 Ok
IS, RIRK, SESROK, WA R, BEROBERS (7 R), MR - SRR 2 (DIBEAGR ST
QEE > TKDPODEELTETVAHZE DL HICERT Z) 2L, Th sk - [B6L
K& T 1. BonteT—sh 5, FERIBOMERK - SLRKICO>VWT, Thsolifhtoll
BE LYK, 755 ONTIKE K ORI Y OREAHEE L7c. S 51T, HERA R, bEROBAS, ik
SRR 2 O 5 — 5 i S, MM ICTHEBIED 2 RIAO FHRIRE & I REIRE, SF S5 CO, & CHy
OEFREHEE L7z, KgmX T, Lilo7r—7 &z ot Rico W TiRET 5.

2. BEREF¥EDER - LROME

AR ORIC, BEFEEBICOMT 2IRR - SLRO S BREORE T b, ENHIENICH 22
R, NEERBIUBEERTH S (LINEIITKH, 1973 ;1984 Ik 3). EMER, FED
FIF I AE I BT L & R EICEEE NS 700 m O/NEHNSTEAE L, KB L CRIr—d -
BEHIX &/ NER I 12 o3 S A, THIK &SI HeS IC=E 2 H-SO o BUkA HABH LTH Y,
RIS SR BEIUSE 2> T, BAEO/NERRIE, EIH10m~100m b F H OEHIC X -
THIR SN iBEMEORRE T, BRI 10 »HIcky, BEHO—H %K%, Na-ClBozuK)s
WEEE L T3, F/, IHTFICE - KT, BEERAEIC COy & HoS 2 5k 2 K2RV 12
MOFEH LTV S (EPRIEXDKILR X3/ NERER). BIRERR L, @RI W T 100m 2 5
800 m ARDIEHNC X VB ENERETH 0, HCO; BDEIRIK (30°CHIR) MEkickbigEoh
TWa, Fio, ©PNEANC 10m DIEOHHIHNEIEL, 20°C LIT QLSRRI K, RS h, &
ickHsNn TV GrIRRD LOBE ToE). &561c, BLEROGBEEREICH 72 555
400m OAA/ITE, HL< S [RBE] L LTHonTWRLh (BABD) JLRMBIFLE L 1205,
1990~1995 fE DMK THA= L 7o KBEiRIc & 0 HEZH4 L 7.

RO FEBERVSC, BN OB, B, ST, L2, ek, R, ZE) oS
BUCHER - SLROEESH SN TV S (DUNIEFICKH, 19735 (L, 1993 1ok 2). FEHER
3, B (bWvo) HBOWEZBICH Lo Fich b, RIRZTTA HEEHAKD 720 1Bl s h -
F & 98m) Th-7ehd, BkSha/KIEGFEENZ (IRROBEEZTIcbDTHD, B
FERREEHMCAA STV S (FHERY vy —). EREER GRfieEoB) &, mHEETPEHo
BRI S N2 FEFR EE 1,056 m) 2RFET2HHFORRTH D, 50~60C D
Na-CI-HCO; Lo Buk »sB) I s, REERTHHENTHE (AFETIonr 5 v B, Bl
R (BEER & GBI S 2 < v < 9 IKEERTE DS 460~470m OHF 2R E L, 30
¥°C @ Na-HCO; BIDIRRKME v 7HBEENT, iSRS TV 2, DZEIRIE, 12 EHT
ORIk 2 ¥ o THRENC & - TE S 72diiiR (22°C) ©d 0, Na-Cl-HCO, B /KE AR
T MEARSR G, AR MR O IR EERICEAE L, FKERIKIEE L TRl S hic e
D OESERK 21°C) BESNw, BEFFIHSTORV, FIRERE, FEEERTH R
HICES PO HRBH LT DE, ZOIEEIZB VT 100 m~%L 100 m OHFEHNIC L W BAFE L
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BRBET, HHT AESEKIE, VIR E 30 #°C T Na-HCOs o /KB %79, HAIERIE, EEER
W75 [ IR X 722 300m D E 2R E L, FLIITT 30°C @ Ca** I & HCOs B Rk
NEONTVWS, 58, ®3FOBEBHESE, EMKLORBEEKTOCEETHL EEIONT
W3,

3. EMELow

3.1 H#&

Sbmic it U 7okalkHE, 7> ofsRH CEAESR, NEiiR, BRER, BHERR, mERR &
TLRSR, FUESR) o&6t 14 b SEILL (Fig. 1 & Table 1), /NERITH O TR 2L
fo. pH REHITRIE L, KEREHOTIHL 2. /NEEROMAPEOMER (No. ) TlE, R
BFOZRITHRESNTVWSE Y v 7 TERKAEBKODHESTTON TV L DT, BRI OFRAKDILFERL
IR & RN AR Z RN 5 7o 1T, IRIRK & DRERSOTRERIE, NERS (T R) oMb &E
TITot. DEEESOREMNTIRE N —F -~/ 2 — 5k (B - #\E, 1969) TiTWL, ERKiC
SVWTRANTYER N Y T 5y FEBOTHIEL 2.

#ZEELE LT, /NERR O HHE & NPKEER D © 2 02 b R B K & s 2 (KU
%, WP E; & EHLOG KRR ORI 2 %2, F /2R R OB GEEHED » 5
HARES (2 30D Z8RHLL 72 (Fig. 1 & Table 5). Bl ROBERS & HARES B X OEREEDO B
DR 2 1%, KOH (6BM) % &8 7 Z RIAZR ICEZRAIL L GEH - KR, 2001, £ OfhioiER -
PraREEE D 213, K EEHIC LD —HEe=— VISIcED - DA KOH BM) AL 7 2 FRHEZRIC
B L Gagids, 2000). %7, /NERREOHPIEOHERMHERSICOWTIE, Ao ok
BT, IKip Ui gtgs i B K 2 B L 72,

3.2 9
3.2.1 JKakk

Na®, K*, Mg?*, Ca?* RIFEFIRGEIc & D, C1I7, 802 @A 4+ v 27 o= s 57 4 —ickl, APT
[ ICP FHAIc K ER L. 28k (ZFe) 3, BRIRITRTHZMA Itk AV 7 2F Vb
o) YTROSETOEAETEHOTER L. HCO, EE (13, BCG ZiEREE L e
1Tk MRk 72 (48 Tov s ) ED). &iREE (DIC) &, ik A HiERmEIC L TR Y % 42T
COpta ICEHRL, 44 v 4 —% CHEGEKRE IM-1B) ICHE L7 Bk EEmR gk CE-
235) ZHWVT, fttRERREIC L v oabr L.

KD D/H H& B0/1%0 thig, £ hZn&EisnsH o cEnik, bR R TR X - TRE
L, V-SMOW 24—V CHE/R LI (6D & 6"%0). WERE, ThTnEt1%, £0.1% TH 5.
LR (DIC) ©PC/PCLE, 792 F v 7 BUERIBRN TR ICRIEE & £ 750 Sr(OHD, AR %
ER & (F40°C), SrCOs & U TILB Bt L 7<f%, B2 vERZR N L CHRAET % CO, 2 BENT
FHTEA L THPE L 7o, [ERCAHE, V-PDB [ER A TR L TTFamET&R L2 (60, il
EnzE, Fl—alBoBIRE»S 0.1% T ERBES 5N 5. 2S0(=HSO, +S04) @ B0/"0
i3, BaCLAKZEMA TS ¥7-BaS0, %227 5 7 7 4 + &4LcEZEdT 1,000°C 1T B L TF
93 CO, 2 EENTEHTGEA L CGUEL, RIRFICART 5 BaS 2 Ag,SITEM L 724, Cu,0 &
Iz 800°C T L CTHET % SO 5, XSO, D 31S/%S thaske o, RN, ZhZh
V-SMOW [R] 7 &kt & V-CDT Rz &L TRt L L TF Rz c& L7 (6%0-2 80, & 6%S-
£S0y). MIFEBEEF, #NENT03%, T02% Th 5.
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3.2.2 =K

H 2RI TR &S N 7z3UEHT > W T, COy, H,S, Ny, CHy, Ar, Ho, He, O, DERE A, ER bR
HEM, (470 S5 7BIUA R0 S5 7 EHOTHEIE L CORIRIED, 1998 ; #
H - KR, 200D). 512, MIERABEZESE HABESICOWTIE, BRI O 7 2 HREUAZ O
FEEALD HO EEARD I (KRB, 1998). 72, Ny FAXR=ZAHZD CHs%, Ar &2+ +
V7 —HRELLFIDFREN R 70< 757 4 —ICX0DERLK. B 5 LFHEMITIE Polapac
Q (5m) ZHWV, HRHEA (md) BROKEWID 5 57MF 50°CITERE, £D% 5C/min. OEIGT
150°C £ THRIR S B/, Oz, OFED 2% Th 5.

H ZIREE 22N O KOH /RIS S vtz CO, @ 613C %, KEUK & FIfE 0 ik cilllE L Tsko
fo. H,S @ 3S/%8 Hld, H,O, MUFRZHE L 72 KOH WA & Bl L 72 BaSO, 1T Si0, & V,05 2R
&L, BERTMEANHS & THRAELKL SO, %2, BENHEHIEA L CHE L 7. BN AR,
V-CDT [AffA L THBIE L T TRz TER L (6%S). AIE#ZEE, +0.2% Tdh 5. CH D BC/
2C HE, HREHAERD Ny FZ2—=2 « H20, 5~1ml ZEZ%E5 1 VITBL CTRIKEZN T »
7 (—196°C) TH,0 & CO, ZREL 2, 900°C D Cu,O 128 L T CHy % CO IzZHa L, [FlRIC
LI HO0%T Y ) —V—FKS54 74 ZAR5 vy va (—90°C) ThHEL KIS, BaEOHiTicE
AL THRIE L 7. BIAARAR L, V-PDB R THISL L TToRETE L (680, AlEEE
13, £0.2% Tdh 5. Eifii/ko D/H H.& B0/%0 Hid, 7Kikkt & A0 AETHIEL, V-SMOW X
r—VTHERLIL

4., HEREEBER

4.1 BELRIKDBERS DILFEHERK

BILRKDILFEDH OFEER A Table 1ITR L7, BohkF—4%%, EHEERA 4+ VKK
(CI-HCOs-SO, X)) Fic7mw b Liz& T A (Fig. 2A), EfEESR (No. 11) 78 CI-HCOiBAEITH
LDEBNT, Enp 1 DDA 4 VISP EBT 2KEE b O EAvRE N, BE, BRER
(No. 1,2,3,4), kiR (No.13,14), &{LiiR (No. 12) & X V/NEDXPKILIR (No. 8) 13 HCO,
R, EfIER (No.5,6) 13 SO, /NERERE (No.7,9) EFEHER (No.10) 2ACIHTHZ. T
No0H>L, ENERLZIBPS»ICEHEZET S (Table 1. £7z, 580 HyS B2E 80355
Hi9 2 RPKDOFRRKIE P R 2 29 50 (pH=5.7), (KR TH % 72 HyS OIRILIT X BT D
HERIBEE A TE 597, RO L HI1c/KE E L TIF HCO; B &7 - TV 5,

FHREA & VR 5 R B &, FERHIBUK GEBGIRONR E 125 & 5 5 ERO Na-Cl B2
KEAFHLTIRIIDE IR 129 3) OHIEADOHRIHOAREMAS S 2 D13, /NERR &L
BREVHEICBETHASH., 2T T, BUKO(LEFHIRED KL 2 HE T 2 B THH S
T3 Na-K-y Mg [¥ (Giggenbach, 1988) %{#\), ZEHHIBKD AIFEM <> W CREF 2N A 12
(Fig. 2B). HCO, %% SO, BIDRRE - #1577k (No. 1~6, 8, 13, 14) &[akEic, /NEESR (No.7,9)
EJEHIRESR (No. 10) &S 5 & ASEHEIREED S BN 7o RaE 0K (immature waters) DR
7 ey FENTED, Din & SHMBPIESHEKZE D DO TIRIBWI EERL TV, —7,
FEEBOKFIRIC 7 0w b SN WERFEESR (No. 11) & ETER (No. 12) OiRFEKIE, Bilo XS
ICZNZ N CILHCO IR, HCOMITH D, WFhd SO 2R, A4+ O R¥%E Nat 235w
51E, JERKLMEO VDLW ZFEEEVKIC LS ROoNEKEEZRT. Ll Eol Eh s, BEFEETH,
FIKPE D ZEEBVK DI FEANDEEHTHIERONBVWE AL LS (O EREYTHE I LIS
WTR, KIATIT S KOERHAHHL OEFTIc L DS s a L B).
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4.2 BERRIKDIKDERL ARk DFEIR]

IKDIKFE - BBRFEAAT — % (Table 1) %, EEEEEBOER - #H7 L 0 EREL 72 vk
F—4 (JAFZD, RAFEERD && i, 6D-0%0 14 77 5 4 Fickbd Lz (Fig. 3A). 158,
/NERSROHGHE (No. 7) I220 TR, BukF—4% (Table 1) IZRKOBEOHIE GRE/BUkL=
0.046 ; ZX.D 6D & 60 3T NTN—665%, —9.91%) ZfELzbDE7 oy r L. £z, K
12z LcRAKEE (MWL) @ d fEDH/IME & &Rl (7.0%0& 20.2%0) 3, HIF/KFT—% D d=6D
—8XoBO K Sk e,

FHEA A VIR & HCO R & SO BT S N7z iRR « $i5R7K (No. 1~6, 8,13, 14) (%, &
TLER (No. 12) 2%, BUEOH FAKS DG 2EFHNIC 7 0 v &4, IO DRER « JLRKD
KEAREE, RKEFRETHS ZEaRLTVS, FHER (No. 10), IR (No. 11) BXUEIL
ER (No. 12) 13, _Lilo 2 KD KIKERIC
PeE NAHEIEAIC S 305, B S ICHAED 5100
HIF7K & RS - feBIR AL 28 - T A
%, F1, /NERRE (No.7,9) OF—4F K
A v ME, KK 5RE S HNIALE I
Foy bENTED, KFEEREORBEH
TKERIEEIKTH B & Lica, M on
ODEGRZFTVWEEEZEZLBTNER 515
W,

BIfE ook &l & 59 5 /N

HCO3 type

%é’ %H:/Ell%’ Iﬁ*@(ﬁ%j&ji U(%(I/ED?@ 231 CI-HCOj3 type Cl type
[ 11
R - BER7K (No. 7,9, 10, 11, 12) 122 W 100 Jogk A X,
T, ClTREE & oD OBIfRM? 5, S SIZFFL 1214 o
CIKOEFEFE->TH B, INoDRR

= Vi==tha) HHE s M~
iZ, WINbEEICT VW codEylic 1000

Lo TIHONIER - SR Th D, BHLE

SRVIFME R IR O ZEEB I K A3 7R 3 B
Cli BEXEZWEZ/RT DT (Table
D, #KBAOREEMENS 5. £ T, /N
FEETEREL L 727k & BIfEOH Rk 7 —
&MV, K —RIKIESHEZ Fig. 3
BrucEb L7z (2 ADEHE 6D il
FNCHEHPFD., oI, NERE
(No.7,9) OF—4#4 v RINFE-TH
D, /INEE SR D BOKDSBIE D g Tk &
T Lo KAk LMk DIREIC X - THERR L
febo & LCHiBARETH B, T LTI D
FZZITL>T, bH—EDoB0 54 7/

Fully
equilibrated
waters

7Q,

Immature waters

K/100 | Mg

Fig. 2 Ternary plots used to classify waters based on

T L LO/NERROT— 7 R4 v b2 RS the relative proportions of Cl, SO, and HCOs ions
& (Fig. 3A ® No. 7,9), BEAOMICEER (A) and used to recognize equilibrated waters (B)

— s = - for waters from wells, hot springs and mineral
B =%
LA S & 5 FHEZY TS T springs in the Shimabara Peninsula. Symbols with

ENHL, TOEHELTHRDELARLTV numbers correspond to those in Fig. 1.
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DiF, BEIE (1986) DX THIBNS 830 (%o)

NTVBEAE ORERAISUE Ty 4 P P 8 R

% h3, = 2 = /K (andesite-magmatic im0 & -

water) (6D=—20~0%, ©6%0=+8~+ 1o

12%o ; Giggenbach, 1992a) DiEA & G7E |

TERV. ZOX ST S e ifk0ES =

DORREMEIC S W TIE, ATHK D RITIT S IR L8

- HEwlc L > ORI T EITT 5. | o
—7, &I, HitE, o SRR OR

R HLRAKE, Vsl & SHEOKBEHIT o

IKZBE L IcRK EHKOREICE - T

RLizbDTRBEVWES>THB. Lrl, Cl (mg/1) oo

0 5000 10000 15000

Cl-6D I Fic b U 7o Rk — /KR & 0
oM 7 ey FSATOEOT (Fig. D 0
3B), Hi F/KPHKDWMEFERSZEICA
NPT 21T 20U, /NERIR & R R

* Cold spring and 15
7 Shallow groundwater

KERORE & OB b L &

V. EEBOKTH BRI DBTER 2

(No. 12) LEafimR (No. 11) & K UHHE |
-50

oK (No. 16) O F — & £ A4 v +H3,
6D-0 ®0 ¥4 7 5 & (Fig. 3A) E®
Cl-6D ¥ (Fig. 3B) LR IE—E#HICIEA
TW3DIE (Fig. 3A, 3B o), <h

?z
-70

Fig. 3 6D vs. 6'°0 plot (A) and 6D vs. Cl ion con-

5 DR EBE Lo O o ko
RN AR DS, BfEOZNEE STV
EEARLTVADLE LN,

4.3 MYLFRERICLBBERKOETER

centration plot (B) for waters from wells, hot
springs and mineral springs in the Shimabara
Peninsula. Cold spring and shallow groundwater
data are referred from Kazahaya et al. (unpub-
lished data). Symbols with numbers correspond
to those in Fig. 1.

EDHE

T HRE s ey N SR O HEREE (No. 7) & EIFfreE (No. 9), FifiER (No. 11) B&
UEANTESR OFr#Es (No. 5) 12>\, HMYbFRERFZ2FWT, MTHICH T 2ilRKDOMEREZHEE L
fo. BIE 3IRRICOVWTIE, B (4.2) TOMFh SiEKORENED -ND DT, Mg EED
FHIE %6 L 72 Na-K-Ca {&fF# (Fournier and Potter, 1979) A {HA L, EliERIc>WTIE, Bk
T bR ATEES HoO-2 SO (=HSO, +S0.2 ) O34 BN RS-y O i3 (R A7 1 4 1
L 7218 (Mizutani and Rafter, 1969) Z{#if L 7-.

FELER A Table 2 1T/R9. /NERREOBUKIRE 1349 200°C 2] L, 1984 FFITHEIE & A5k 7 (H
D 187°C~202°C (G4, 1986) &13F—Ed 5. KEICEAL CHERITKE AL LTI
BWDT, /NERROBUKTIKEE C T 10 BEFRIZLE LIRRBICH 5 L EA L 5. EillilER OHEE
BEE 8T CThh, EEHDILK (1,056m) EE 65°C & DEF, F20°C &/NETH B, ENIER
OHIFPBUKIEE 138 &% 150°C EHEHE N, RRADIESO, D 6*SfE (+5.7%) 2R HoS D%
N (+4.8%~+4.9%) &SI1ZF T 5L bFET 5 &, FHHBUKD OFHE S e ZIRIISES
I D EBIT ARSI E N THER L 72BUKTH 5 T &2 [EbHE 5. XD SiROEREVK D 1EAE
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Table 2 Estimations of underground fluid temperatures in the Shimabara Peninsula

No. Area® Name

Calculated
Temp. (C) Geothermometer

5 UZ Shinyu

151 6'%0 (H,0— XS0, [A]

OB Tanaka-so 196 Mg-correction to the Na-K-Ca geothermometer[B]
OB  Kunisaki-ryokan 208 ditto
11  MH Mizuho Sennen-no-yu 87 ditto

@ UZ : Unzen, OB : Obama, MH : Mizuho
[A] Mizutani and Rafter (1969), [B] Fournier and Potter (1979)
# : X SO,=HSO, +S0,

IZoWTlE, ART—%
DT DI TH 3 & Hii
+5.

4.4 BEKRIKDRERK
4 D T B ALK KRR
ER R 5> DREIR]

4.1 TmRLick oI,
BIFERICET 2 RLR
IKDHHLL EAS, HCO;,
MoKEZFLH, ClHP
CI-HCOs BRARIC S
nN360TH, 10005
1,000 mg/14 — % — @
HCOy &L, 0Ok
51T HCO;™ &, HJE
EOMRRK - $LRIKDOE
BN TH BDIT b
PbhbbHd, TNETED
RIS LTy S
NBT &Lt I
0, IRIRIKDIEFAKIR

Table 3 Concentrations and isotope ratios of dissolved inorganic carbon
(DIC) in waters from wells, hot springs and mineral springs in the
Shimabara Peninsula

No. Area® Name (gfgc/l) 5230/33’”
1 SB Shimabara-kanko Hotel 2,070 —4.04
2 SB Shimabara-onsen 664 —7.76
3 SB Motoike 1,120 —6.77
4 SB Shinyama-onsen Kami-no-yu 124 —20.40
7 OB Tanaka-so 2,380** —5.60**
8 OB Karimizu 1,090 —3.64
9 OB Kunisaki-ryokan 150 —8.61
10 KK Karako-onsen center 44.7 —11.58
11 MH Mizuho Sennen-no-yu 174 —6.48
12 YE Yugyoku-onsen 74.0 +0.78
13 HdJ Harajo-so 122 —12.89
14 HdJ Harajo Masago 270 —8.87
15 Seawater (Obama) 87.8 1.7

@ SB: Shimabara, OB :Obama, KK :Karako, MH : Mizuho, YE:
Yue, HJ : Harajo
* DIC=COyuq +HCO; +CO4?
** collected values for CO, separation using chemical and isotopic
compositions of steam phase, and steam/water ratio (0.046)
*** cited from Sakai and Matsuhisa (1996)

(DIC=CO0s0q) +HCO; ™ +COs* ) DB & IRFZIERNAIRKL (6°C) Dt 5, REERK S Ot
IR & IRABEAERT 2 HEBEURENIZDT OKR, 2001), T2 Tb%DFikEH W%

ﬁofi.

TR T b 2 ENRER AR & TOEIERKD DIC DR E 61°C i, Table 3 1oR L7z (el
RIZOWVTIE, DIC DSEHEHC KGR ANRET 20T, EHTEX3EAELNE V). TORITET
to/NEESE o HoYE (No. 7) O, #ElEIC X 21ERKD 5D CO, DIRELE 7 i & B [[RIGHES
BIOFIEEIT-> e b DT, HHIERKD DIC ORE & 6C{H, HEfAESTO CO, DREE L §1°C H
(Table 5) X UZEK/EUKIL (0.046) Zfli-> CTHEMH L

4.212BT 3ER» O, /NERE (No. 7,9 13, BKOEADED GNEDT, DICO—Hb %
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foiKICHRT B EEZ ADIEIRYTHAD. 22T, BEAKPD Cl- e TH/KIcHET 3 &K
FELT, LITD 20 ok o DIC 22 L5l %, JEME/KEIRD DIC DR & kAR AR
ARSIz, 1z, FEHIER (No. 100 b, #WKIEAND 5 E LCE UIEEEIT- 12,

[DIC] nsw — [DIC] smp (DIC/CI)SW X I:CI:l smp
0 13)Cnsw - (5 13Csmp —0 lgcsw) X ( [DIC] smp/ [DIC] nsw) +0 13Csw

T 2T, [DIC] sy (3IFHF/KEETS DIC DR, [DIC] g (7R IK D DIC #41E, (DIC/CL) gy (H#FKD
DIC/Cl Ht, [Cllgmp BIRRKD ClEEEZED L, 6°Cosws 6"°Comps 0 °Coy 137 NE NIEMGEKELR
IRRK, #BKD DIC ORERIMAMKEZERDT. BB, TITOHETE, RBEIYOLEE E
IRES ARSI ORI b & Lic. DI Eobdicky, NERRO S (No. 7), /NER
SREIREREE (No. 9), FEHER (No. 10) OiR#iR/KD DIC 1Tk 5Kk O DIC OF5H,
FNEN 1%, 14%, 41% L HiEb ont.

HKOEGEE LW F— s %, 1, KOFSGDEVEDIIAET— 5 %, DIC OEE O
ok sPC K (LIF, 1/DIC—6"CKD 127w v r L (Fig. 4). BEEROFLER LB (No.
4) ELifEKHRO DIC 0F G272 LslwWicEHER (No. 10) 1, —20% & 0/N&73 68CEEF b,
DIC D13 & A ELTHHIBZELRHR O CO, KA, 1995 ; AR, 2001, LIRE13E CO, & FKBI4 3) I
Bk 2T EARLTVWAS, TTC, MEDDICEEICREMEVARLNS DI, T3 CO,EE
PIRFEKE, THEBOES KB EOHIGZENRIMENTVWE LD THEEELILND. TOMDEL
RICOWVWT, Hlk T L7 — R4 v PEOBERERIT L TA 5 E, B FI, /NNEogiRo
BEEEDS, FNEN—EOBEE LICED, X512 N 50EE, 6°C il Lo—5H (—5%) 1Y
I BMEAICH B LB (Fig. 4). TIT, BFREROERBYEA TV (No. 1) E/NEDRK
PR (No.8) @7 — & KA v b DELRDP S5 o PCEflic TN TV S0, ThidlEs xthod CO,
& ORIGES BN & 0 7kdid DIC IcEWRIMAENEfFShickdTh b &2 N5, HE, bk
HZAHDCO, DS BCIHE
i3, DIC DZNED 2% i 5
5 5% & E/NE W (Table A12
3 & Table 5; Kita et al, 1
1993). 1/DIC—6"®C KX |
IHNZERIE, 2 >0t
BFRE TN S 2D DRES
BIR O FAEAERS 5 D
T, BEEEDRRK - L
®Iko DIC 3,  +1CO,
LEES RIS N E—
EDOEWVWOBCEAE S - 72
CO, LDRAMTH S EF S A I L
5. FERGEGRE, BE 038 12 18
FRORF FKiconT 1/DIC (mmol/)
bRH SN THBDY

(Ohsawa et al., 2002), % Fig. 4 6"C vs. reciprocal concentration plot of dissolved inorganic
R 13 carbon (DIC) for waters from wells, hot springs and mineral

N t‘k'al‘\é C‘@{'ﬁ springs in the Shimabara Peninsula. Symbols with numbers

2CO, 2~ 7 <R TH correspond to those in Fig. 1. For soil water box see text.

613G pic (%o)

U Soilwater
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Table 4 Estimated carbon sources of dissolved inorganic carbon (DIC) in waters from
wells, hot springs and mineral springs in the Shimabara Peninsula

Contribution (%)

No. Area® Name
Magmatic CO,  Soil CO, Seawater DIC
1 SB Shimabara-kanko Hotel 100 0 0
2 SB Shimabara-onsen 85 15 0
3 SB Motoike 90 10 0
4 SB Shinyama-onsen Kami-no-yu 14 86 0
7 OB Tanaka-so 95 4 1
8 OB Karimizu 100 0 0
9 OB Kunisaki-ryokan 61 25 14
10 KK Karako-onsen center 7 52 41
13 HJ Harajo-so 56 44 0
14 HJ Harajo Masago 79 21 0

@ SB : Shimabara, OB : Obama, KK : Karako, MH : Mizuho, YE : Yue, HJ : Harajo

ZEfERLTVS, ®mOPCEHD CO, DIBAEN RS &V ERIEROEREDEA 7V (No. 1) &/h
EONKEER (No. 8) DA ZAthd~ 1) = AN A CHe/'He) 2D Trab 2 &5 (Kita
et al., 1993), —5% FREDEWV OBC EHEFE> CO, 27/ =lETH B ETEDIIRYUTH 5. FE
BUKTDH 2 AREME O E WEEIRR (No. 11D EBTRSE (No. 12) (&, M7 212280 CHi W E &
NTWB T ENnS (Table 5), [HRREAFO DIC 364 13 CO BEFE TRV 6BCEEH-> Tk
D, BRI OB RS THA LT CHy & ORNCEIRLASSH S C v, BOEIAE (2C) 75 CHy T
5 L7k R, DIC BAEIICE W OBC AR T T &IC 1] & T 3 OMNEUBIRINTH B B %
5. it l, BEEvKicii< < CO,0FEMEDonNbs bbb 50T (PIAIE, KoVE;
KR, 2001), SR O EIH Rk D DIC B4 2 il — & (GRBEE & R AHED ZIEEL, <7
<M CO, & 11 CO, DIRABIR O BMAMRG T 2 L E ZH A 5.

THFHER S B TIRE AR X, DIC IRl T LARDRSRHENH 2 T EMHL N ER 512D T, %
MR - SLSR/KD DIC 2 56 %5 < 7' < CO, & 13 CO, 0T H5R %, [ENAICEET 2 #E0] CFED
ZEHRICGRE L TA .

8 C =06 Crugm X X 40 BCopn X (1—X)

T2, XE= T =M CODHESGH, 6%Conpy 6Cogms 0 Coon 13, ZNENIEIRIKD DIC, = 7=
M CO,, +1%E CO, DR EGAAKFHZ D L, 6°Cogm & 65Coon DEEE LT, TNZTN—5% (Hil
DD O OHEENE), —23% (Ohsawaetal, 2002) ZfCA L7z, Jeicske 7oig/Kkdisko DIC 0F
Baaaw 7T, fHHEREA Table 4 10F &7, ENMIFENOBIF, /NEHIBORSIRKIC< /<
D CO MY BIAGTE L TVWA T EATRENTW A, T TRICERHT )& &iE, HiFEND
JFSGR SR D DIC D/D73 < &b A~ /=il Th 5 LW HERMEO NI ETHY, DR
RBaKIMERRE LicKHOEZ CKH, 1973) 2%FFLTWwb, 15, FELER (No. 10) @ DIC
ICTBRRED < 7 <tk CO, DHEGHH B E15 > TVED, HEROEHD Iz DITA L 7Bl
Yo ZEb BT, BERIZ 0% L1351, =7 2HECO,DEGNH -1 & LT HIEHTE 2R
ThBEEZBDNEINVTHA D,
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4.5 FEFHR - BHRERET APOERRELEY DR

AITE (4. 4) TIT- 7ot - ik v, BREE ORI OIERIC < 7 < RO CO, DRSGHEEH
S, TTTR, S OITHRER - ERIChET 2 4 2 PESHIE» S S5 5 2Dk - [N
AR =T L, #RIicEE NS CO, & CHy DSR4 A 2 (463 2 ZRESIRIA D IR OHEE % 17
D.

SrS itz O, (Table 5) %, FEIORIL, RIF X)) oo RO E GUREEY 1Tk
5250 & LT, BEDORDOLFMZEFWTHIT 7 — % ZHiiE L, CO,-He-Ar tHxH#H ik [X|
(Giggenbach, 1992b) iZ7 o v b L7zDA3, Fig. 5 Th 5. XPIT/R&E N7z andesitic Eid& 7z
S ZIIEE ~ 7~ O ZAHKT, <7 < R O EEY D BRI K D R L 72 CO;,
DBAEZITF B3 E, #H%3 AS (andesitic subducted) 75 AT (andesitic thermogenic) 1Z[a]
M. —f, ZHEE~ 7 <D0 N 2, basaltic I NFEBICH 0, FRRICETICEET 2
CO, DIRAZEZ T 5 &, flAkid BM (basaltic mantle) 7 5 BC (basaltic contaminated) ~Z4k
T5. PEDX5BN) 2 —va vaERT 72T RAICKRKEROBS (2R RKUCEIM
LK) 2RET % &, 2156 Ok lE ME (meteoric endmember) Z[a]7 5. Z{lHkEA I
95 72 (No.7,8,16,17) (3, M OARRKIE DO EEZT TORWLIEE < 7 < i
2T, RRUCHRT 2N BEALILSDTH S EE/RLTVEH, CO/Ar Hihd 25X 10°~
19X10" &, RRDZN (40X107%) LD 5~6HIREWI &M b, COITOVTIIRRUCHIRT 5
W ENPTHY, BEAER IS vBFETHSI LRSS, —F, EMHEATHE ORI R

CO2/100

1000He 200Ar

Fig. 5 Relative CO,, He and Ar contents of sample gases listed in Table 5, together with those of
the potential endmember components : meteoric (ME), andestic (AS, AT) and basaltic (BM, BC)
gases. Symbols with numbers correspond to those in Fig. 1. For AS(andestic subducted), AT
(andestic thermogenic), BM(basaltic mantle) and BC(basaltic contaminated) see text.
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(No. 11, 12) OffEkd, <7 <Az &K
SUHSREN Y & DIREG T T & 72 W iR
b b, IhoEHHET 2 EBUKNEEEUK
Th 5 AReED S\ & T 2 EOHEE &7

L7EW,

o BB L O NER» ST E
% # 2D CHy/CO: LElE, 5.6X107°~1.8X
1072 Tdh b, CO I~ CHy DR 3R
bELTH D, f-T, CHi & CO 28T
TR DALZESEAS B 2 IR O N T o i 2
LTuwhid, CH, ®FEINEFHE (BC/2C
H) 13 CoO,dEFNIT L > T—FEIITHE 2
EEZTEW,

C02 + 4H2 = CH4 + ZHZ O

Piboz & 2XERL (Onoetal, 1993), &
SICENF -4 220547756 i
oy kLD, Fig. 6 TH 5. XD
Magmatic CO, &fff S N 7ciifid, K&
FC =K LILTES 2> S i & L 7B
HZAHID CO, D §BC i (—4.1% ; Kita et
al, 1993) Mo RDBIEb DT, ZOHEE
D CO, EALE: - [FIRLIAICH 5 CH, 13,
Z @ CO; K » 5 Chemical + isotopic
equilibrium & & N7 i mD - TR
AESNICERLEORMITAET 5 T &I
%. Figure 6 FOEBEDF— 7 X4 vk

§13C %o

R

40|0 | 3(?0 | 20|0°C l
0 -
17 Magmatic CO,
7 OS
_1 0 — —
O CO,
=20 s, ® CH, |
0‘.
0’.
Q} *
o,)) ",
W
K7 )
=30 X Yo, ~
lJ’ .
O, L)
) o,
)
AN
G, %,
0%
%o
40— B, > L
40 255 %,
Z
%
I I | | [ [
-4 -3 -2 -1 0 +1

log (XcH,/Xco,)

Fig. 6 6™C values for CO, (open symbols) and

CHg4 (closed symbols), and CH4/CO, ratios of
gases discharged from Unzen and Obama
areas (Numbers correspond to those in Table
5). The trend for both chemical and isotopic
equilibrium between magmatic CO, with a
values of —4.1%, and CH. is shown as short
dashed line, and the equilibrated temperatures
are plotted along the top (Ono et al, 1993).

(No.7,8,17) #HTA 5% &, CH, & COy i3

ZFAEEE - FRRTENC H 0, SERHRE I 300°C HTicd 5 2 EA5iA NG, 58, T THY
BT rACFESORE, & ORRE DIRESEA T IR E) O E <, FREEIGZELIC WEFDbRh
TWADT (Giggenbach and Goguel, 1989), = 7' = Ll E N 2 14, HFE~D_FF&EPT,
S O FAEEEA TN Th N 5 13 & ERRIEE L TV alREED S L.

st Ok SR (No. 11 B X OEILiImR (No. 12) OEREN 2 ICIZZE&D CH A E 1,
MDRILRITI RS NIV OD—> & 755> T3 (Table 5). CH, DRERN AR (6°C) 23,
CH,DIFARET BDICERTH L EENTVWBDT FIAIE, HEHEED, 1999), I T CH,
D 6BC i & CHy/CoHe A2 W % 47 (Kiyosu et al., 1992) 2F|FH L T, CH, OEJFEAHET L /.
1k, ENHROMES S 2 E/NEOER - SLREHE A 2 O CHy 1&, BB O & 51 P o FEEIc
K- T, Jox DRI & BESKONTOZHEEESSH VDT, OMFD» 5B\ 6°C
—CHy/CGHe ¥4 775 4 (Fig. ) k7w y h&F—s F4 v 5, FHERERE No. 11)
D CH, [3HEREWI-h O HE Y O B iR (Thermogenic) ToH 0, EiLikR (No. 12) @ CH, 1F
WA OIERIC Z D AR L 72 D (Biogenic) TH 5 I EAyRE i, BB, TOL DI CH, O
TRICHATETE VW AEED 5N 5 DITIE, REPESEEOEW (Table 1) 23BEfR L TV 2 REEMHED H
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B3, INEMNPD DD, HUEY
1S REEVK I O Z ORI B O TlE
BRISTHAZITV, LYK EFER S E 5
bEDIFEMISEERZ T O BB D 5.

4.6 EKAHR - BILREHEST ZDLLE
FERR[H T R D MAK]

NI E 9 2 HIBGR IR O YIEE - L
HREEZ, HIFICHEH T 2 7 2 Db
B HHEE S 5 5L LT, CO./Ar—
Hy/Ar 54 775 63 ETH B & &
n<Twb (Giggenbach and Goguel,
1989 ; KiRiE A, 1998 ; KIRIZH, 2000 ;
KiR, 2000). Table 5 HOMREHT LTS
7 — % %, AijIA (4.5) TiT- 7D &[EkE
ICERIE RO E AL T, D54
775 a ey b LD, Fig 8
Th 5. EiRROE KT ICE TS 5
#HZ (No.16,17) &, FD 2 2D
Joh 5 FREN B VHEIRRED 5 B, i
S5 (Equilibrium liquid) # Fic 7
oy bEN, INSDHREEIS L
HIBGADBUKEBRREBICH D, 51
ZTOREIIKIB00CTHhLIEERDL
TW3,

Ca-Aly-silicate
+K-feldspar+CO.
=K-mica-calcite

4(FeOy5) =4(FeO) +0;

4.3 TIT» Kf#rohT,  EERO
1 I FEE I BOK D FE AR SRR S i
», TOZEMRIL EoL>Bb0TH S
CHEEENB. B, TITHESNE
IRAER, Jedl (4.5) @ CO,—CH, 21k
2 RIS IR & 131 F 8T 5.

AN R R O b I R 4k =
(No. 7) ENPKELR Dl A 2 (No. 8),
EBiESR (No. 1) RUBITLER (No.
12) OiEEE 7 213, Wb KA
(Equilibrium liquid) #£7» 5 CO,/ Ar
B ~ANnfcaERkic 7oy bEIhTo

§13¢ (CH4) (%o)

Fig.

Fig.

BIFEEOERR - SR O AR LY

65
CHy /CyHy
1 102 104
0 L I I I

20 T !

] _ :All
401 Ther mogenic !
604 e

| | A12

l Biogenic

-80 '

7 6"C values of CHs and CH./C,Hs ratios of
accompanying gases from Mizuho (Mizuho Sen-
nen-no-yu : No. 11) and Yue (Yugyoku-onsen : No.
12). Thermogenic and biogenic boxes are referred

from Sato et al. (1999).

4 EquilibriumI X

3 Vapor

2 -

‘] -

0 —
_] —
2 7 12

A
-3 | T 1 I T
0 1 2 3 4 5 6

log (Xco, / XAr)

8 Evaluation of H,-Ar, CO,-Ar equilibration condi-
tions for gases from the Shimabara Peninsula. Sym-
bols with numbers correspond to those in Fig. 1.
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%. TOXS RN A, Giggenbach and Goguel (1989) &, SiEd # R WHIFEABE) LI h
B, COxrAr ROLFFHITEENRT HeAr RO ZTNBEKRAINY 7 F LT 0D TH 5 &t
BAL, ZOEETSH COrAr RO IS EiREL REF L 29 <, K EROEMRZIRMLT 5
ELTWVE, TOFEAIKAR, /NERROH N OBUKIZ 250°C FEELL L, FaffiRR 0541 250°C
PLE, BIEROBATHH200CTHEEVS T LIS, L, /NERREOEUKEEERE
13, RO » S 200°CFRE EHEE SN THB Y (4.3), ThITH~NB0C bELHEBENT
W5, COEE, [HRREFTHBUK O L BN AL 2R H L /BRI EOBENE LN
WOCRIE, 1999 2o ELTHMLTLESICE, dEDICHREV. £/, HArRER
150°CTh b, THLDHIFHFITH0C HEW. bk Hic 4.5), BukiriBicvefis L cuo
BEEZONBELMBLZ 300C 3H 30T, INWEHEEDE COAr IRE X R T bz DR
& BVKEFREEIRIE (200°C) OISl (250°C) Z/R L, MAINESE OO He-Ar IR, &
ZMEVKITRF THIR IS T ER L TETWA T EMS (BEBRTH B Z &IcE), Buko LA
AT LA BUKIFREERE (200°C) &M (100°C) ol E (150°C) 2/Rd
TR - E LTEMEMICERITE 2. £/, TOMIRICE - T, KERSITEOEMIIKNIC
Lo THIFEADFRENEN T FRAENZL L BRSO L 7o 2 TH B & STV BRKILE
(No. 8) DA 2 CKH, 1977) OF— % £A » + 5, HPHE (No.7) 0N & 3IEREUAEIC
Zoy bENETEGHIATRETH 5.

—75, Tk - SRR O 200°C DL EoEEE E#HAT 51id, DIToXk5cEZABTNEEES
W, BB, FEREEUKTH B2 AREEDSE W T &0 5, HIRAEZ 6°C/100m CROMEEFFOME) & GE
T3 &, 200°C LI EDOERBUKDITRZEE 13 3,000m PIZEE D HURARZE & - EEPHICEET
5ESOITEEL185), T I TOILF P ATLER L fc A BEUKD» & o3k L CEEBICa € EA L
500 m~1,000 m ZEEEICIEAE S 5 BUKinKiE (BfisR LS LR OBUKIE) b b, Lirbxl
TIE CO ZEULFRIGEFITE L TOWRBWE LIBTAERSBWTHAS. Lrl, TITH
MLy 4775 2 WEREEVKICITER T & WAlREE A d 2 O ¢, Chiba (1991) MEEEHIZVK T
WETL7c k90, BEHUKOLFAID, FREENO ED X 5 Rt RINc L kb S TWh b0
BEEINCHITT T 2 08D b 5. O TIRREERRICE &0, SHROWFIEGRELE Licw,

5, ¥ & &

BRI T 2iR5E, SLE, HEIHS O NcES I ST 2IRRK, SERK, S X,
BB RAEEARS (FR), IR - SR 2 28I L, Th 50 by - BAES 27> 7. 7 —
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