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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 +/*1 by secondary steam originated from deep hydrothermal

water of about -**1. 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 ,**1. The thermal water in the reservoir is heated by steam of about -**1
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 Cl-HCO- 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

a#ected 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 water2
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Fig3 + Sampling sites in the the Shimabara Peninsula. µ+ :
Shimabara-kanko Hotel (hot spring water [well]), µ, :
Shimabara-onsen (hot spring water [well]), µ- : Motoike
(hot spring water [well]), µ. : Shinyama-onsen (mineral

spring water [well]), ¶/ : Shinyu (hot spring water), ¶0 :
Kojigoku (hot spring water), ·1 : Tanaka-so (boiling spring
water and separated steam [well]), ·2 : Karimizu (mineral

spring water and bubble gas), ·3 : Kunisaki-ryokan (hot

spring water [well]), ¸+* : Karako-onsen center (mineral

spring water [well]), ++ : Mizuho Sennen-no-yu (hot spring

water and accompanying gas [well]), ¹+, : Yugyoku-onsen
(hot spring water and accompanying gas [well]), º+- :
Harajo-so (hot spring water [well]), º+. : Harajo Masago

(hot spring water [well]), »� +/ : Obama harbor (seawater),

·+0, +1 : Seishichi-jigoku (fumarolic gas). Numbers corre-

spond to those in Tables + and /3
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Fig2 , Ternary plots used to classify waters based on

the relative proportions of Cl, SO. and HCO- ions

(A) and used to recognize equilibrated waters (B)

for waters from wells, hot springs and mineral

springs in the Shimabara Peninsula. Symbols with

numbers correspond to those in Fig. +2
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Fig- - dD vs. d +2O plot (A) and dD vs. Cl ion con-

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. +-
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.�,������78� ��"$ TNo. 1, 3V �� �%�0�)��85���� DIC���6F

Table , Estimations of underground fluid temperatures in the Shimabara Peninsula

No� Area@ Name
Calculated
Temp4(�V Geothermometer

/

1

3

++

UZ

OB

OB

MH

Shinyu

Tanaka-so

Kunisaki-ryokan

Mizuho Sennen-no-yu

+/+

+30

,*2

21

d +2O TH,O;�SO.
�V  A¡

Mg-correction to the Na-K-Ca geothermometer[B]

ditto

ditto

@ UZ : Unzen5 OB : Obama5 MH : Mizuho

[A] Mizutani and Rafter (+303)5 [B] Fournier and Potter (+313)

� : �SO.UHSO.
;WSO.

,;

Table - Concentrations and isotope ratios of dissolved inorganic carbon

(DIC) in waters from wells5 hot springs and mineral springs in the

Shimabara Peninsula

No� Area¢ Name
DIC*

Tmg�lV
d +-CDIC

T£V

+

,

-

.

1

2

3

+*

++

+,

+-

+.

SB

SB

SB

SB

OB

OB

OB

KK

MH

YE

HJ

HJ

Shimabara-kanko Hotel

Shimabara-onsen

Motoike

Shinyama-onsen Kami-no-yu

Tanaka-so

Karimizu

Kunisaki-ryokan

Karako-onsen center

Mizuho Sennen-no-yu

Yugyoku-onsen

Harajo-so

Harajo Masago

,5*1*

00.

+5+,*

+,.

,5-2***

+5*3*

+/*

..41

+1.

1.4*

+,,

,1*

;.4*.

;1410

;0411

;,*4.*

;/40***

;-40.

;240+

;++4/2

;04.2

W*412

;+,423

;2421

+/ Seawater (Obama) 2142 W+41***

@ SB : Shimabara5 OB : Obama5 KK : Karako5 MH : Mizuho5 YE :

Yue5 HJ : Harajo

* DICUCO,(aqVWHCO-
;WCO-

,;

** collected values for CO, separation using chemical and isotopic

compositions of steam phase5 and steam/water ratio (*4*.0)

*** cited from Sakai and Matsuhisa (+330)
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 CO, 
 d +- Cq
�� DIC
�DTU ,o"
# /otOVpR 5Table

-� Table / ; Kita et al.,

+33-6� +�DIC�d +-CgS
�~D����� ,�
¯
°)��D# ,0�
8±
��
²³$´ ��

� �l!�
����L
��
 DIC�� vw CO,

�!��.�"µpD��
�
¦R d +-Cq$7=�
CO,�
8±����¶
	�� �#F���� �l
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·�� ���R�
7 ^ ¸ p D � G U
5Ohsawa et al., ,**,6� �

T�F¦R d +-Cq$r
� CO, $¹º¹()�

Fig� . d +-C vs. reciprocal concentration plot of dissolved inorganic

carbon (DIC) for waters from wells, hot springs and mineral

springs in the Shimabara Peninsula. Symbols with numbers

correspond to those in Fig. +. For soil water box see text.
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 DIC

G 1�12
676C CO,
i�;��cR���. i��
�´
S*G���S�	�
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i�;RS�����¶:��12
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·�:;���

Table . Estimated carbon sources of dissolved inorganic carbon (DIC) in waters from

wells5 hot springs and mineral springs in the Shimabara Peninsula

No4 Area@ Name
Contribution (�)

Magmatic CO, Soil CO, Seawater DIC

+

,

-

.

1

2

3

+*

+-

+.

SB

SB

SB

SB

OB

OB

OB

KK

HJ

HJ

Shimabara-kanko Hotel

Shimabara-onsen

Motoike

Shinyama-onsen Kami-no-yu

Tanaka-so

Karimizu

Kunisaki-ryokan

Karako-onsen center

Harajo-so

Harajo Masago

+**

2/

3*

+.

3/

+**

0+

1

/0

13

*

+/

+*

20

.

*

,/

/,

..

,+

*

*

*

*

+

*

+.

.+

*

*

@ SB : Shimabara5 OB : Obama5 KK : Karako5 MH : Mizuho5 YE : Yue5 HJ : Harajo
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CO,�|}=~�,A� <�' BM �basaltic mantle� 4$ BC �basaltic contaminated� ��7
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EK'�4�l�� �A�!������l,A®�¯,� ���  ¡2�°�±$%	-.

Fig� / Relative CO,, He and Ar contents of sample gases listed in Table /, 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. +. For AS(andestic subducted), AT

(andestic thermogenic), BM(basaltic mantle) and BC(basaltic contaminated) see text.
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Fig- 0 d +-C values for CO, (open symbols) and
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gases discharged from Unzen and Obama

areas (Numbers correspond to those in Table

/). The trend for both chemical and isotopic

equilibrium between magmatic CO, with a

values of ;..+u and CH. is shown as short

dashed line, and the equilibrated temperatures

are plotted along the top (Ono et al., +33-).
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Fig5 1 d +-C values of CH. and CH./C, H0 ratios of

accompanying gases from Mizuho (Mizuho Sen-

nen-no-yu : No. ++) and Yue (Yugyoku-onsen : No.

+,). Thermogenic and biogenic boxes are referred

from Sato et al. (+333).

Fig5 2 Evaluation of H,-Ar, CO,-Ar equilibration condi-

tions for gases from the Shimabara Peninsula. Sym-

bols with numbers correspond to those in Fig. +.
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