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Abstract

In this study, a model for hydrothermal system and formation processes of hot springs (Obama,
Unzen and Shimabara hot springs) in Unzen Graben of the Shimabara Peninsula was constructed on
the basis of a detailed analysis of hydro-geochemical data obtained by Ohsawa et al. (2002) and
NEDO (1988). Both Obama and Unzen hot springs at the western part of the graben, which are
located at the southwest side of the volcanic center of Unzen Volcano, are generated by one active
liquid-dominant hydrothermal fluid of Na-Cl type. Fumarolic area adjoining Unzen hot spring being
on the uplands is developed by a steam separated from the hydrothermal fluid at some 300, and
hot water of H-SO, type of Unzen hot spring is formed by mixing of the secondary steam into shal-
low groundwater at about 150°C. Heat and material source of the liquid-dominant hydrothermal fluid
is a high-pressure magma-derived hydrothermal fluid in which chloride is contained in Na-form. The
“residual” deep thermal water migrates laterally toward the western coast while conductively
cooled, and finally the mixing of seawater into the thermal water results in the formation of boiling
or hot water of Obama hot spring at approximately 200C. Warm water of HCO; type of Shimabara
hot spring at the eastern part of the graben, which is located at the east side of the volcanic center
of Unzen Volcano, is formed at less than 100C by mixing of a low-temperature magma-derived CO.-
dominant gas into shallow groundwater of meteoric origin. This low-temperature gas might be
derived from a solidified magma relevant to a monogenetic volcano, Mt. Mayu-yama formed 3000
years before present, but the formation mechanism of such gas is still unaccounted for. This hydro-
geochemical study cannot pinpoint the precise location of the primary magma chamber of Unzen
Vocalno which is still hotly argued, however the conclusion of this study for the aspect of geochemi-
cal formation mechanism of hot spring waters agrees to the previous model (Ohta, 1973; 1975) on the
whole.
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Fig.1 Location map of hot springs (Obama,

Unzen and Shimabara) and geothermal
wells in Unzen Graben of the
Shimabara Peninsula, Kyushu, Japan.
Data sources of this study are from hot
springs (O : Obama, I : Unzen, []:
Shimabara), mineral spring (&
Karimizu) and geothermal wells (W¥). G
with symbols indicates that geochemi-
cal gas data used in this study are
taken from these sites (MG : fumarolic
gas from Unzen, OG : steam of boiling
spring from Obama, WG . separated-
steam of thermal water from geother-
mal well, OG @ bubble gas of mineral
spring from Karimizu, [JG : bubble
gase of hot spring from Shimabara).
Symbol @ indicates sampling site of
reference seawater used in this study.
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KOBEIIRINVZLIETHY, £ OMEE
AEHBLTEL-ZETHS (FlzE, KH,
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Fig.2 Ternary plot on the relative proportions
of Cl, SO, and HCO; ions for waters
from hot springs, mineral spring, geo-
thermal wells and seawater from
Tachibana Bay. Symbols correspond to
those in Fig.1.
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Fig.3 Ternary plot used to recognize equili-
brated waters for waters from hot
springs, mineral spring, geothermal
wells and seawater from Tachibana
Bay. Symbols correspond to those in
Fig.l.
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Fig.4 6D vs. 6"0 plot for waters from hot
springs, mineral spring, geothermal
wells and seawater from Tachibana
Bay. Shallow groundwater data from
cold springs and wells are referred
from Kazahaya et al. (unpublished data).
Symbols correspond to those in Fig.1.
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Table 1 Geochemically estimated temperatures
of thermal groundwaters at hot
spring areas and thermal water in
geothermal well.

Area or location Calc. Temp.(C) Geothermometer

Obama hot spring 202 (mean)  Mg-corr. Na-K-Ca
Unzen hot spring 151 6 ®0 [H,0-SO,]
ggll‘ggbara hot 113 (mean) Na-K-Ca
71 (mean) Chalcedony
Geothermal well
N61-UZ-7 240 Quartz (adiabatic)
274 Na-K
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Fig.5 Relative He, Ar and N, contents of gases
from boiling spring, hot spring, mineral
spring, fumaroles and geothermal well
together with those of potential end-
member components: air, air-saturated
water (ASW), seawater-dissolved gas
(Nozaki, 1992) and magmatic gas (volcanic
gas from Fugen-dake; Hirabayashi et al.,
1992). Symbols correspond to those in
Fig.l.
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Fig.6 ¢"C values for CO, and CH,, and CH,/CO,

ratios of gases from boiling spring, mineral
spring and fumaroles. Symbols correspond
to those in Fig.l. The trend for both
chemical and isotopic equilibrium
between CH, and magmatic CO, with a
value of —4.1%. is shown as short dashed
line, and the equilibrated temperatures
are plotted along the top (Ono et al,, 1993).
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Fig.7 Evaluation of H-Ar and COxAr equilibration
conditions for gases from hot springs,
mineral spring, geothermal well and
fumaroles. Symbols correspond to those
in Fig.1.

213, Eh L BOKFAEDOHEIERIZ X 2L RS
WEDSWTERENDOT, HEAEFERENTT
WCRT L) BRIEERED Q) & Q)R > T3
CENERICHED (Bl LIRS Q AR
DHWHERATIIKRILLTVEEVIHEND S
(Chiba, 1991)), RKAKKEDOHKRDOERE XX
BY2EAMNEHENRKTH S (CRIRIZH, 1998 ;
KR, 2000 ; KiRiZA, 2000),
Ca-Alzsilicate + K-feldspar + CO,
= K-mica + calcite @
2FeO + H;0 = Fe,0, + H, ®3)
ZHROES A A (W) AT (Equilibrium
liquid) B EiZ7ay hE3hTHBH, BERI A%
b 726 TRERAESZKERIREIZH Y, ZOR
B 300C THBHILERLTWS, Lo
T, ZOESmMAEIE, 3ETFHRINALLII,
WAL N61-UZ-7 (2B 72 Na-Cl BBk & R
DLEDTHHZ LITHEN, HBGIH N61-
UZ7 DEKGHERET (W) b, 250CT (Buko
WibFREE —B; 3ESR) WHFHIIHS S
LERLTED, BArOAHL TS LV B
ELLFELEV. MERROFBERISEER

(O) EXKELROEHEN R (O) 3755 7LD
BIZRILEZAICTay PENTEBY,ZZTH,
XK EEIR DEEE S R I TR S WRRO LGB T
HHETHKHEFVORBOREEAIRENT
Wb, LA L, ST TREE, WEFVTNRLE
¥ (Equilibrium liquid) #4*5 CO./Ar
DOF~\ANTERIZ T Ty P ERTWAE S L2
BLAVw, 2oOX9 %K%, Giggenbach and
Goguel (1989) &, BEROTANHH I
&, COrAr ROILFEFH (2) ICHART HrAr %
DALZEFE Q) MEBHANT 7 P LR T WD T
HHEHHAL (FEBBEEDEY), ZOHE
TH COAr ROLFFHEIIRIRSEH TOREL
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DIMRKIIREEE D % 5 2 HIRR AT R, <7~
WCHETHIDTHBILIIMETH B2, BE
EHFOBRKREPSEED-LINRTVEDHD
TR>EVWETEZONELBTHA S,

SC, BTOTat ATHLNI/MERREE
RS (- #RR) DRRIFEZKL S BT H
N61-UZ-7 OBKORAEMLZRE2 T LD TAH
5% (Table2), #ZICBERFEVEBRLR S

- 367 —



EHBTE D, ZfliER (- #3R) &, COCH, &
B, CO-Ar &, HrAr BE L 312 300C 2R
3%, WELH N61-UZ-7 & COCH, BEDA
#%300C T, CO-Ar imE L H-Ar BEL BIZF
h& b 50C & 250C #R¥, £LT, /MER
RO CO-CH, iB, CO-Ar iRB, H-Ar iR
FhZENn 300C, 250C, 150C (Rid® & 9 12|
RAKOHALEREIZELWVWE LTS 200C) 2R
L, HrAr REE7ZT S ZYTH N61-UZ-7 oFh
XD EHIEL o TV BRI B2 L H 1T,
CO,CH, &Esl, COrAr iREsH, H-Ar BEEEH
DENEFNDOHEGEE % HALZERIC O FHE BB HE
XZDNEICEL 2B 2 Eh 5, LEROBBRIZIE,
ANEIRIR E EMRE (- 8D OERICE HICH
bbb, WEYIH N61-UZ7 12BN EHiROFEE

Table 2 Estimated temperatures of source deep
thermal waters of hot springs and geo-
thermal well fluid using various geo-
chemical gas-thermometers.

Bk (Na-Cl &) %%, ZDORED S KRR H 2
WHOME T TBE L T 2MICHH SN 585
PEREINTVWDLEEZ LI ET) L FHWAID
Ko Thbh, ZMER (- BRR) FFEHBAKD
MBS DIEL,, GHRILAERI-TBELT,
HWEGTH N61-UZ7 3Zh i pm, RRGH%Z
=, MERRBIIHREIORDEL, HLIZHH
EZITTCVnBEIELEZRLTVWBERLIENTE
%o COMBRHPELL, 512, ZiRR (- #
W), HBEYH N61-UZ-7, /MNERRORIESKD
—ODREHREZEHE L B LD LTI, &ik
R, HEYH N61-UZ7 OHFMERE (Fig.1)
25, BAKIFEZMRRMA S/MERROFE (L
EEH 2 5 WRERBE) ~AFRELTwEEn)
YT NBRBKRPEMMEERICIEFEET S E
WIHEZIEDEL,
ZFDEZDNRYTHHZ LI, BIRR L/INE
iR O H THRE Sz ESTH N61-UZ-7, N60-
UZ-4, N59-UZ-2 (EHINZE X, Fig.1 2Z8M]) o
WNBERBERE il X —RamEREE,

T CH.- CO» H
Area or location co, - Ar o Ar 1988) 5 XFHEND, Fig 813, HHIEMiRE
() (C) (C) DFEETOT7 74 NEHESITERL, ®iH
Unzen fumarolic area 300 300 300 ACHERTELZDDTH S, TTHRIEELA
Geothermal well X, EORFDBRETT T 7 4 VIZHIEEFEIC
N61-UZ-7 300 250 250 BEOBASEATHLIETHY, HIZZD
Obarna hot spring B S IHAKOMIRBHIFES 5 L HRL T
(with Karimizo) 300 250 15 Bo KICEER A, BEEBAHATI [, 13
W& nseuz-2 N60-UZ-4 N61-UZ-7 =E
Temp.(C)
0 1
Temp.(C) Temp.(C) 0
0 100 200 0 200
0 i i 0 1
Sealevel =| & = = = = = = = d\=& = = = = = = = Sea level
'g 500+
g 500+ & 5007 =l
= et A
& a 1000+
a Qa
10004 1000~
1500
1500+

Fig.8 Depth profiles of temperature in geothermal wells located between Unzen and
Obama hot springs. Drilling sites of the geothermal wells are shown in Fig.1.
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CELA R AEMSE DB, BKEORED
KHPIIFERTLTWAZETHS, oh
LaFlwbl, BRI LADEY 2% HDY
DOMMBE T 42255 HAh S - TH
ﬁumELféfwétw5:tK&b,ﬁm®
T EARR (- R OB Y o IEHEERICH
LiEmshd, Mﬁﬁ%ﬁmu ﬂﬁ%#Nm-
UZ7 i E CREMZEW LG HEZ 2T, Z20H%
RV FRKDBAZZITODEHISHHSAT
ANERIBEAGEL, R THAKORALZZITT
200C FEDRRKIZHR-TVELDEEZ LN
B0 M), REBKOKBIFRE FHRS D ILES
DL TR TIE, BKOBIEIC L 2 KERD 58
MY, HS %2 &8LF0 R REAHNEMN
Hig D EBH FARICHEA LT 150C &0 H-
SO, Bk (FRMEmEER) 29ERLTEY,
— B RAESNTE R I L TR A
(H5k) Z2ERLTVBEINDEEZ S, FidD &
IS, EMHFEORRAKOEEFEKRE Z2oTWnD
Na-Cl Bl#Kid~ 7 <H¥kD He ® CO, 2ffo
TWADT, ZOWIRT IO 0M L 2EED
BEERBAKTATHLEEZON S,
DEDZEHSED IS, ElibiknBks -
ﬁ%%ﬁﬁﬁ@%?wﬂ%W&L Fig. 9 lZR” L
o AKX, B0, BERICEHBT L~
77&8%_W&§n6AMﬁXB£kLto:

i or seawater

i Recharge of meteoric water}
Unzen

N61-UZ-7
Obama L1

U

Seawater

200C 250C

Deep thermal water
C.P. 5 380C

Ma,

-
a-derived

NLILTIPOGMLIbDTH LA, HKE
DBERBAKTAETH Y, Eimz (- #E) 2
AN & AR S T B ERERBOK A & IR
DEZLHDTHbD, b, EHIZRDLD, BE
DR AN KR T % 5 2 AT A&, LREo
£ LGB R~ 7R FEBKA HEE D 72
LENTVHEHDTIZZRL, MLE2DERNGHLE
BE#EDLHZ LT, CO, HBRMOWHKE Zo/2b D
ThobLEZ 5o

5. BHYIC

AFRICE T, Wby [ZfRILo XKL
MR AR BB B3 5 KHE TV OZ SRR
BEAHLNE R, EHRBRKROAKE &7
EHEOR R AR OMENF 72— EE -
7l EZD, LLedn, REEIEHEEL S
N % ZAiEOImR - BACROKOREIZH %
< 7<BE)OMBEIZOWTIE KH, 2005),
KT 6 OB NHEM R ZIRTH I LIITE
Lotz 2%, AWETHRR LIRS - 2ok
FETFNV (Fig.9) TiE, KHEFVOLHIZ<
FE ) OMBEEEEICHKEL TOAHRETIE
nl, M, KHEFVOMBICH S [ 7~
FOEZEMAKLETICHFETSE LBKRET
WV OB - BIER, 1986) ICbxied 52 Lidt
SURETHENHLTH D, FHIE, AWZELxHEL

Fugen-dake
Volcanic gas >800°C
5 (HCl)

Shimabara
Mayu-yama U

= 150C
- Secf‘ondary

borhng
300C

! sodified magma

Low- temperature
magma-derived
CO2-dominant

magma gas

hydrothermal

Fig.9 A hydro-geochemical model for hydrothermal system and formation processes

of hot springs in Unzen Graben.
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T, ZMHERICBITLER - BKRET TR
¥ ) OMEOBFREHGEMPOEMTH S LW
I EEBETHBL, REV—DOTEHELILLOTT
O—F IRV LD THEVWHEDEZ BFD
WEoTWhH, HAARMBZESTFR74 BT #EH
SF—HF A X Ry Tar [BEEEDKIL -
Hiz - BR] BAEE SN0, Z0L) RBERE
ZITEALED ETHHVEVIIEBLTVSLDE
2 oMb, BERD5HOMEZENENENOM
REEZFHLEF o Tilmr T\, W L CRER
PICS 5 DIEIBDTHENLEHETHA ). L
L, — 5Tk, H25F0BT—52SAMIC
ST HEV)IHFEDAEHNTHS EE L2V, K
WFZecl, BRH# T & 12 He/Ar % N/Ar it
EWAH DB EDHY (Fig.5), ThHDE
WIZIZ" 7~ S 08 L - BUKTEIRRE & 2 5
F T L BROBERIEFIN TSN
Bhhy, ERPELLIEROBHI O/ <EE
DR KEOMEICHET 2ERAEON, FERFR
N7k E 2555 Lk v, *He/'He H
KL RONZREDERIINT AR (Notsu et
al, 2001) & & HICFHEMICKRE 2 IMZ A MMEDH
D, SHOEELSMEREOV L DL LTHED
S RAARY

CITIRESIZHHIVED, EELEZLHIE
BEAIR LIV, REFRETIE, BEDIRRKIC
KBRS %25 2 KBS RADRFEIZDO VT,
[R7<ICHETAIDTHHILIIHEETDHD
A, BIAEEETOBEKEERPSEKD L3N T
WELDOTIERVETEZOPRBELTHS] L)
BEO#EFZLIEXHE o7, BERRO X
312, BEOKINESHOHLSBENE 2 A1
KB O RBERSFET 200E, KROBOREKX
IThRoh (LHEIEFA, 2005), WEOLENR
i, ®HHLVER XL (BEO%E X30004F 1)
W S 2B, LEDBE131700~50004F Hi
RSN BE - KAL) ORBICHEET DL
WHT L ThHb, v vFEHeZ &L CO, FK
DIEBH A, WEREEo 72~ < 2SwmHIE LT
ZBBTHTICLT v 787 “FREBKIGE
ETHMRREFHRTHLEVIRFLTEX
do FD &) BRIFERFO D LITHIEEZED T

QT Ed, ZEORROER BT - <77 -
BARROLELHLPICTHLDICLETERY
PeEZTVA, ’

B
HABBZESFRITEEERNFBERA AT 1
X Ry yay [BREBOXIL - Bk - @R ]
BT HEE ZOBORBRENET AR E LT
FLOLEEREZCTEoa vy ¥—F—0DiL
FEHEHIR (UNKETFM%ER) & FAERAH,
LEEICDL- TEREFEDRRIZOWVTIHR
Wi wikH—WEE UNREZERIR) I
ELORFHLETE T, 72, BEORKBRROL
BRI oOWT, JTHEAVTLWIHOEERR
(BRI ARFEHEEE) ICRFL T mBRIT, K
RNEEART S FTI, BHFAERLRBNINSE
TRV L DR A ITIEF - LET,
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