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Abstract

For elucidation sources of dissolved inorganic carbon (DIC) in hot spring waters dis-
charged from the non-volcanic region between Aso and Kirishima volcanoes of Kyusyu Dis-
trict, Japan, and also in order to search a deep-seated aqueous fluid derived from subducting
oceanic plate in the region, we analyzed major chemical components, § D and ¢ ®0 of water
and 6 "C and concentration of DIC of the hot spring waters. Although water of every hot
spring is originated from meteoric water shown by water isotopic data (6D and 6 "®0),
relationships between dC and concentration of DIC demonstrate that the DIC should be
formed by mixing of soil and two kinds of deep-originated CO,. This idea is supported by
isotopic data of rare gases (He/*He vs. ‘He/*Ne) and relation between concentrations of Ca
and HCOs ions. It is confirmed that the two kinds of deep-originated CO, are mantle-derived
CO, and CO, originated from subducted marine carbonate by a calculation of contributions
of source carbons of selected hot spring waters. Moreover, we calculated respective con-
tribution ratios of deep-originated CO, to DIC of all the hot spring waters on the basis of the
linear relation observed between contribution ratios of deep-originated CO, and 6 C values
of DIC of selected hot spring waters, and expressed hot springs showing high contribution
ratios (=55%) on a published map showing crustal resistivity structure of this studied area,
thereby it appears that hot springs rich in DIC derived from the subducted marine carbon-
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ate are roughly concentrated on low electrical resistivity zone extending NE direction from
Kirishima volcano. This result suggests the possibility that an associated aqueous fluid of
dehydrated fluid from subducting oceanic plate forms the low electrical resistivity zone. On
the other hand, distributions of high contributions of mantle-originated CO, of hot spring wa-
ters are concentrated in the Hitoyoshi Basin which is thought to be a tectonic basin formed
by fault movement, and this result suggests that a passageway for rising of mantle-derived
CO, must be formed in the crust under this area.

Key words : Central Kyusyu, Non-volcanic region, Dissolved inorganic carbon, Deep-
originated CO,, Low electrical resistivity zone, Dehydrated fluid from
subducting plate, Mantle
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JUIN AL TG o BT K1 & 7% B K I o [ o FE KIS 3 3 5 R K o A4 kg (DIC) @
RO & N Z OB O FIERIRICIEET 5 7L — MIKREOMIM D 72012, Mg
WOWRRAKD—MeKE, KOEERMARRE (6D & 6%0), DIC Dl & s e Mkl
(0BC) #WE L. RBEADRERVAME (6D vs. §%0) 5 INSRIRARETH S
ZEMRENTAS, DIC OiipE L 6 °C O BfRIE. S AKO DIC 1213+ CO, LAtz 2 o0
7 A4 TOEEBE CO,2RBALTWDEZEER L. ZOTA T4 7%, RBENHET ADH
# AR ARKLE (CHe/'He, 'He/*Ne) & Ca A F VilthiE L HCO, A F Vit EE 0 B4R A & X HF
SR, L7 hLZESEKD DIC ORBRFZOFGSREOFEDS, HEEBEIECO,» 121d<
Y RIVHED CO, b9 12T L — FORAIARIZE B 7o THERPFRICH B A T L7 1ER
PEEEHEIRD CO, TH B ENMRENT. E5I1Z, L ¥ M L7Z2EEAKD DIC D §5C &
TR IR CO, D 5RO H 5 BN 2R E HWT, FOMOIRREETIZOWTDICIC
i 6 B IRERIEEIE CO, D5 R 25 L, HEIHEE CO, DFLEOE W (=255%) HREZ D
Mg o F I ARBTHE S AR ETRZ2E 2 A, LA AR BRI CO, 28 it R A %
BXRILOILEFIIZR SN LEILIKPTY — v FICEF 200855 2 LD 5. 2ok
B, 7L — MRAKTAARICERT 2 BOKFAARDMKILIRDT Y — » OIEEICE G- L Tw 5 W iel: %
RELTWS., —J7, < MVEECO, ICEGRBE I ST EEZ SR TWDEAER
HWPNHERLTEBY, 2o 7I12< Y MUVEREY R 2 k&l $ T LA S8 5iifkoiE
DIFFEDTRIE X Tz

F—7— NI, FEKIMIE, AfEREE, BRI CO, RIbiuE, 7L — MK
ik, v v

1. U &®IC

JUMN TG DZIF R LRI ALE § 2 B R K1l & % B AL O B O 110km &Aoo XL o B E
0 HIE< QNI TIE—#I2 30~50km), KINASHFEAE L R WRR MR TH D LI TWwD
(Bl z &, ik, 1979 FHFMH - #HEF, 1992). Okubo et al. (1989) IZEK XN TV 5 F21) — HIRES
AT, YREHBIIER 2 KIHIICHN S £ 9 2 F o) —FBENEE L ) DS MR
FIMOFAEIIAD SN, v 7O EIREV E B bR, TE, #Il - 58 (2006) (3K
P = OfFEERL, GAOBLKIEI AT S 2 WAPEL» SME SN TV LD TIER VR
LIMEL T 5.

Wik (Ao~ v MV EEET) OIEPHEEICET 2RI A ofTbhTETBY, 7%
DERIIZ VDS, RIIKHTY — Y DBOREE H 5 WVIZBUKZ DL DIZ L o THATW B DH % 4 j)
FTHILNTET, TOEBIEL ZLHFNEETH LSRRV, Lal, EFICR-TK
XRMERDIDY, AAWETHOSRZENI A Y FT =27 EFVOEHIC L - THRRICBIT 5 KD

419



WS, RRAS i Ak, SRR, SN M, #ldER, Ok B W REE

FAREMLUDLIENTEL LWL Z—HT B, LIE 2005), HREOMBIRICFAIFER &
O WBHE D S ERBTRADFEAEII OV THER SN L LH12D Y, KRB Tfrbh /205
(Umeda et al., 2006) TIZ~ ¥ MVIZLHAALET L — 25 OBKEAEI L Sz ST
Wwa.

Z0 X9 IR KIUHIBEOWRIR A S 7 L — MK IZE 2 AFFE O i CHRE AR O B L2 1R
ELTEHERTV A DI, REICHEES 54 2 OF 7 X FMAME (CHe/'He, ‘He/*Ne) T
H (#1213, Dogan et al., 2006 : Sano and Nakajima, 2008), &4 b AR TIHEATHINAT o 720F5%
(Ohsawa et al., 2010) THIFAL, ¥~ MVESICE A He 2 B S8 5 ia % N5 HNICSE
RL7. 72, 2o clRisfei® (dissolved inorganic carbon : DIC) O % FALR
(67C) LD VFMIT LTV, AERMTII He DAL LT DIC b~ ¥ MVESICELI L 27
B, FREIZINCT L — FBKTARICHEK T 5 b s CO, % Ef S8 72 R OFFAE DRI L 72,

Vb XD Blilz e S hah, &eid, #il - 58 (2006) (2R SR Twv B HRIEHT
V—IZEHL, FELTHTRICEHET 2 7L — MiKRAOMMZHKE LT, WHEZEDY
B HIK DL DR SRR 2RI, — K, KOLERMAE (6D vs. §°0),
DIC D & r#ERERMARE (6°C) OF—% 2 AT-L, Fh 5 OHEILENBN 21T 7.

2. WMIRHRMBOMERE, HBOKRMELZED R

ARERAAMIRO K51, HIEFIEIUNIIm L, EIChERoOHEL SR I TV 5.
ZOHCR RO, b S KS—REARM R - FIF—/ UGB 0 =314, EF— U
FERL - AMERE SRR O CRAT, AR O+ BAF I S, dLE—mE P 1A LA
LTw3 (#lko Fig. 8). T/, MWHHREFIE S S ICEM—RRBINAGERIC X o Cdear & m i
G HNs. BRRNICIEY 2 TR O MR R 2 /N 2 AR AR S B P 7 & AL HU
FHUZATTHOH L TW B 008 TH % (Fig 1). BETRNZEH12, HFrLwvkil GEEL) 12
ZLVHIETH %A%, KO—REARREEM - FIMF—/ RS SR o MU R Bk SCRAF, DU+ B
FACIE, hEr OB AR K EE S L TS (Fig 1).

WM S IIRNIC D 551 437 Frofis (Fig 1) A L7z K& TH AR X > TR
LN DTHY, HELEZVWL DX, MEAY OBz E, £@TKPERY AL THES
NTwa, Bl TKiLE pH OMEEITV, BEKIE, BB X 51250 HWNI R 2 2 784 18R
WL, EREICHLR -2 BHEEKRE (DIC=CO,,,+HCO, +COy"") DAt - RS H @
REKIE, BEBEN S O CO, k% WS 2 72012, W ANY FHIEN =y a—WF 27 )R
NV (BAREX™) ICIRILL 72, KOLERMA (6D vs. 6°0) 45H I, BAFPISKD S
PR SBVEIZ, FIANL TUVEHH L. EOMOBEGO5HHEEKIZ, —8F LTI
B9 7 1) BRI L 72.

HCO, %K < E8Ab¥ms (Na*, K*, Ca®', Mg**, ClI°, SO) o4+ ru<x
77 (DIONEX ; £ 27 u~x 2757 DX-120) Ti7o72. DICHREIL, RAKZRERREMEICL
THAEHF D REER % §TRXT COpp WCEHEL, 442 A—%— (RIEEE  IM-1B) (ZHH L7z
At FEM CGREEN © CE-235) % W Tk st iz X 0l L7z, HCO, #EE X DIC
W OWEAE L KR, pH Ol Z W LRI SRk 72, KD oD & 60 oflleix, B
'Ot W CENREFNEEI 2 v /23oolE, bk FE LI L DIT- 72 DIC ®jk
FERMARL (67C) 1%, 3BKIC Sr(OH), A MNE L ikl L7z SrCO; % 5 B LJEEZ L 72
%, I VBRI T LTRAET S CO, w MESMENTEA LME L. 2, A
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Fig. 1 Maps showing localities of hot springs investigated in this study (O) with related geologic
information. Solid circles (@) denote hot springs previously examined in Ohsawa et al. (2010).
Figures of A and B are partially reproduced from Ohsawa et al. (2010) and figure C is
originally illustrated for this research paper.

139X T The Stable Isotope Laboratory, GNS Science Limited &4 ® % & [l . & & = 55 #7 5
(Geo 20-20 model) Z= AW TAT-7z. LLEOGHHERE, K, pH OflZEME & H 12 Table 112
R

3. BRHPLIUEE

3.1 KOEBLIAHER

HBKORERAT—% (6D« 0%0) 2, FKA#H (MWL : meteoric water line ; d D=8 "0
+10), HEAK (modern seawater) DfH, ZINHEHE~ 7 <KL (andesitic magmatic water)
WE B FEAAR O#PH (Giggenbach, 1992) & & H12, 6D vs. B0 2 L7 (Fig. 2). &
AT L7230 KOTRTHMARAKBRLICTE Yy hENTEY, KKBIZH-727—% K1~ b
OWRIE WA, FAARE &I EEICRBD 55 BB R AOHBMBROGE (BESOMR
RIE LR KO RRAR LA 205, ERAKDIBF L % 2 KAKDORMAEESROBE LR E RS
ENTES.

ZD X, KOFRMAMBIZER OKIZRAKRBECTHL L 2HRLTED, BRKTOIZE
AEZTRPHT 2 IRERT 5K + 5 AME/ERHIC L s TaAP LRI TE b e E R
5N5. LaLl, #9721 TH, RKEPLOMERMAY 7 bNZE ARV E (Fig 2)
POMEEROBOMEIIS T EEHL AVETFRTE, 202 L, RBEKOBEA + VK
(Fig.3) o XFEND. Thbb, ETOHRBKDTFT—% KA ¥ b partially equilibrated
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Table 1 Localities (latitude, longitude and altitude) and well depths of hot springs, and chemical
cited from Ohsawa et al. (2010).
No. Latitude(N)  Longitude(E) Elevation(m) Depth of well(m) Discharge form Temp("C) pH DIC(mg/L) Na(mg/L)
A 32° 42/ 55”7 130° 48 37" 50 1100 submerged pump ~ 41.2 8.6 250 163
B* 32° 400 17 130° 44 17 71 996 submerged pump  35.5 9.4 109 64.6
D 32° 37 25”7 130° 49’ 21”7 83 1000 submerged pump  34.3 9.5 45.0 117
E*  32° 36 32”7 130° 53’ 0” 210 1000 self 29.6 9.4 36.0 315
F 32° 40" 46” 130° 59" 37”7 463 1200 submerged pump  33.3 9.6 38.0 382
G 32° 32/ 53" 130° 42" 56” 29 1200 submerged pump ~ 24.8 9.2 38.0 77.0
1 32° 25’ 58”7 130° 34’ 31”7 2 9 submerged pump ~ 43.6 7.3 105 443
] 3225 3 130° 37 2" 51 1200 submerged pump 306 838 420 250
N 32° 16’ 22”7 130° 30" 77 8 120 submerged pump ~ 42.6 7.7 151 195
P 32 13 577 130° 27 25" 32 950 submerged pump ~ 40.5 74 121 122
Q 32 8 527 130° 26/ 22 153 100 submerged pump  52.1 83 130 201
R 32° 14/ 32" 130° 38 46" 99 600 self 38.4 9.1 122 115
S 32° 14 20”7 130° 43" 31” 115 420 submerged pump  34.7 8.3 590 466
T 32° 14 577 130° 44’ 48" 133 1000 self 37.5 7.7 520 316
\% 32° 10° 37”7 130° 45 54” 148 600 submerged pump  39.4 7.7 181 139
w 32° 13 3”7 130° 46’ 19”7 139 500 submerged pump ~ 47.3 8.4 350 364
X 32° 117 30" 130° 47" 40" 138 950 submerged pump  41.1 8.3 145 167
Y 32° 14 12”7 130° 46’ 57" 173 2 submerged pump ~ 42.8 7.8 400 224
Z 32° 15/ 50” 130° 55" 59”7 159 1000 submerged pump ~ 18.5 7.6 360 1470
AA  32° 16’ 477 130° 59 277 197 2 submerged pump 185 7.6 210 250
AB  32° 23 49”7 130° 49 30” 260 1100 submerged pump  23.0 8.2 175 69.1
AC 32° 19 18”7 131° 2/ 28" 345 ? self 35.5 10.2 36.5 46.6
AD 32° 4 37 131° 33 22" 399 1800 submerged pump ~ 27.3 83 126 48.0
AE*  32° 13 25”7 131° 9 49" 221 1400 submerged pump  35.7 8.9 740 392
AF 32° 100 10”7 131° 28’ 41”7 17 1200 submerged pump  25.2 8.7 68.5 26.6
AG 32° 20’ 317 131° 37 34" 24 1200 submerged pump ~ 28.3 7.6 43.5 1970
AH 32° 26/ 15”7 131° 26’ 38" 72 1500 submerged pump 221 8.5 295 344
AT* 327 23 21”7 131° 19 527 303 1500 submerged pump ~ 38.0 8.9 435 547
AK  32° 38 55”7 131° 23/ 28” 97 1674 submerged pump  32.0 8.6 305 205
AL 32° 43’ 48" 131° 33’ 41” 394 2 submerged pump ~ 27.4 8.7 78.0 70.7
AN*  32° 43’ 30”7 131° 20 48” 369 1000 submerged pump ~ 27.8 8.0 105 15.1
AP 32° 40 41”7 131° 12/ 31”7 574 ? submerged pump  21.5 9.3 134 136
AQ.  32° 12/ 447 131° 45 247 107 500 submerged pump ~ 43.6 8.2 450 388
AR*  32° 12/ 34”7 131° 45 47" 106 2 submerged pump  49.6 8.1 360 289
AS 32° 12 48" 130° 54’ 127 0 1000 submerged pump ~ 35.3 7.9 700 345
AT  32° 14 117 130° 55 53”7 171 50 submerged pump ~ 27.9 6.9 495 346
AU 32° 300 30” 131° 19’ 57" 148 1000 self 19.4 8.5 129 51.6
AW 32° 12/ 43”7 130° 43’ 517 96 2 submerged pump  45.4 7.7 370 280
AX*  32° 13/ 33”7 130° 43’ 2” 96 400 self 423 7.8 560 958
AY  32° 13/ 49" 130° 25 147 23 157 air lift pump 46.9 7.0 775 466
AZ 32° 4 217 130° 28 47" 2 0 self 45.6 6.8 139 1040
BA  32° 47 15”7 131° 33’ 22" 365 0 submerged pump ~ 15.5 8.1 110 52.0
BB 32° 527 19”7 131° 47 ¢” 79 250 submerged pump  16.4 7.8 45.0 22.0

*: Data from Ohsawa et al. (2010).

#: Classified according to dominant cation and anion on the basis of mg/L.

n.d.: Not detected.
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and isotopic date of hot springs waters with water temperatures. Data marked by asterisks are

K(mg/L) Mg(mg/L) Ca(mg/L) Cl(mg/L) SO4mg/L) HCO;(mg/L) 6D%0) & ®0%0) 6 "°C pic(%o) WaterType#

0.5 0.6 8.0 32.9 0.3 337 -57.0 -8.18 -6.82 Na-HCO,
0.2 0.1 28 1.1 0.4 154 -483 2711 -13.51 Na-HCO,
0.3 0.1 5.8 86.8 1.9 65.8 -53.2 -7.73 -12.54 Na-Cl

0.3 0.1 6.0 5.7 15.8 64.0 -55.2 -8.19 -16.28 Na-HCO,
0.3 n.d. n.d. 15.4 27.1 58.9 -58.0 -8.68 -13.35 Na-HCO,
0.4 0.1 15.0 15.0 51.0 74.0 495 -7.27 -20.02 Na-HCO,
43 3.7 63.0 26 14.9 103 -48.8 -7.39 -14.73 Na-HCO;
11 26 45 186 0.9 532 -53.2 -8.03 -10.62 Na-HCO;
2.7 1.0 14.4 203 2.5 185 -46.2 <713 -12.49 Na-Cl

4.7 13.3 62.7 3.8 290 118 -49.0 -7.69 -7.72 Na-SO,

1.6 0.3 6.6 147 189 173 -49.0 -7.66 -10.85 Na-SO,

33 1.3 36.7 137 585 178 -515 -7.97 -14.47 Na-SO,

238 1.6 12.8 63.1 109 791 -50.7 -7.68 -10.68 Na-HCO;
12.0 44.8 56.0 484 325 622 -51.6 -7.63 -9.96 Na-HCO;
1.7 11.3 29.3 151 17.5 195 -50.1 -7.55 -13.62 Na-HCO;
231 52.0 529 1620 1210 419 -49.2 -7.24 -14.71 Na-Cl

21.6 0.7 9.4 171 nd. 176 -52.1 <77 -19.44 Na-HCO;
1.8 25 11.2 432 nd. 474 -52.3 7.9 -10.95 Na-HCO,
13.9 273 8.9 1770 nd. 4270 -52.0 -7.54 0.66 Na-HCO,
6.8 53 21.0 25 nd. 250 515 -7.57 -11.27 Na-HCO,
0.8 4.3 123 28 nd. 212 -53.2 -8.41 -10.66 Na-HCO;
0.4 0.1 2.1 105 13.8 76.4 -55.7 -8.67 -21.52 Na-HCO,
1.9 2.7 10.9 1.9 nd. 170 -49.3 =77 -10.95 Na-HCO;
5.7 0.8 6.0 1.6 nd. 894 -53.9 -8.35 -4.47 Na-HCO;
0.7 29 14.1 0.2 nd. 101 -40.0 -6.58 -21.65 Na-HCO;
3.6 40.0 261 2820 1770 55.9 -37.9 -6.32 -22.11 Na-Cl

22 2.4 15.4 54.0 3.1 715 -50.4 -7.86 -5.22 Na-HCO;
3.9 1.1 6.2 115 nd. 1060 -57.5 -8.76 -3.68 Na-HCO;
15 0.5 6.4 394 nd. 372 -51.1 -8.07 -2.03 Na-Cl

0.6 0.2 7.6 232 89.1 114 -54.6 -8.54 -6.43 Na-Cl

0.8 8.6 26.8 20.0 109 144 -57.0 -8.48 -13.29 Na-HCO;
0.7 0.9 6.4 122 59.8 176 -58.3 -9.08 6.05 Na-HCO,
55.3 15 125 260 1.1 546 -51.2 -7.36 -14.51 Na-HCO,
48.7 15 125 559 321 420 -50.3 -7.54 -13.9 Na-Cl

3.1 6.7 7.0 272 nd. 784 -54.7 -8.15 -8.54 Na-HCO,
7.7 13.7 9.6 98.5 nd. 917 -54.1 -8.23 -4.3 Na-HCO;
0.5 3.8 18.0 2.0 3.9 174 -51.6 -7.93 -13.5 Na-HCO;
35.8 25 12.4 98.6 81.0 427 -50.6 -7.6 -13.39 Na-HCO;,
7.4 22 5.1 297 351 1380 -51.8 -7.68 -9.03 Na-HCO;
16.5 15.6 16.7 267 169 647 -48.7 -7.11 -2.26 Na-HCO;
222 111 263 1740 1780 108 -44.1 -6.72 -9.95 Na-SO;,

8.0 0.1 8.0 17.0 7.0 99.0 -58.1 -8.8 -5.2 Na-HCO;
5.0 1.0 15.0 4.0 9.0 91.0 -46.5 72 -13 Na-HCO,
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waters (B4 F-) O D %\ 1d immature waters (GRFEK) OFEBIZ 70 Yy b&h, BT
BT BRI, K—MgiE T 60T, kETDH 40CTHA. &ITAHD, KBS D L
INC—EBD B VI EIRAH ZNCHEK T 5 2 LD TEBLWBICOWTIE, HHK - SOaMHEEHO
HEWME L TR ENTERV D, HEICRLZLENRDL. RETTIZZO L) RBEI S5
WF—% AT 5.

3.2 KERADRELKBRERMLALOREER

Figure 4-(A) (Z#FK D DIC OEE & R FELZEFMARL (67°C) OMFHEERRLAEZDDOTH
5. DICIEENEL b & 6 °C DMENAKEL B AMANDH D X HICHZ LD WH ORI
B > CH SN RESNDH Y, THIIKRIILT2o00EZ T ERE LTHET S, —2
FHTEINCB 28R 0EME LTRZ2E 277, b9 —23@HEED CO, 052 g T
BEZFTHY, ZNEFNDOVYTHEKD DIC D) & r#FEgE AL (65°C) OBRICH
HEMZ TR LD, ZNZFNFig 4-(B) & Fig. 4-(C) TH5%. 7272L, miko k912, i
WAY T 7Y 7 bRy BB EIT->THBY, DICO—HACO, & LTHA AL, MKk
HLLHG ORIER 6 °C DMl FF L TRl ZORBORELAHTH L7720, L
BOERD» SEINT 5.

Fig. 4-(B) ZFKDF— 7 1A THIK IR O TR (K EOHEILT B X O8I0
HTFK KRR, KR SLARAMBISHERT 2EE (Mutlu, 2007 ; Liu et al., 2000) ®F—% %
WEHTHE. BT —FRA ¥ P O—FITA KA IO 1T 7K R A KA I8 5 5 IR o
F— DG AT HHEANICH ), ORI THRLIRY, AKEEKOHMEIEM, $4bb i
CO, % R L 72 H O T K (13K : Soil water) 12 & 5 AKEDEMRIL (CaCO;+CO,+
H,0 — Ca®" +2HCO, ) ##THERL72KE LTHHT LI DM THL. T2, @HMIH D
F=F RV FDEIZDWTYH, BFEREDE SR LEAe (KM% KM E LzoTRL
72) I8k o TOL YT E LRTRETIE AR,

KR (2001), Ohsawa et al. (2002), IIH S (2005), #EH S (2005) % Yamada et al. (2011) i3,
W F AR KD DIC DR Y 3725 & THEKRANOEREBER CO, DAL > THMLTEY, Fig 4-
C) BWSDMITHEEZHCTREF—FRA Vb 2HW LD THS. HcEIh7z3 AR
OMFIE, wIRhd, HEKE TR L) EORMARLZ S ORI CO, DBRIR A DR T
AU % DIC O#gfEL 6 "C OB ERTRAMTH 5. 3AORABIE, IHH S (2005) 12f-> T,
REKDOFT = RV MIBRDEL 74y bTBHEINTFI W[ DOTHEY, T0DHHE2ARIEH
BEM TR LT O CMHE (B —1%) WPURL, HEEECO, & LTidkEodborflegshs. &
D& 9 R IBOTEIAI CO, ZIWTITEDZNS 2 DDRAMO I E N2 FIH 54T 5
F=FEAL Y M, —EOEVOCCHE D o AN CO, 2384 7 DIC % b - 72 13k
ERELTTEZDDE LTHMICHHTE S (KRS, 2002). 20z, UEDDRERY
WET5EEZTEL, RO THORGHISH ) —FEORSEKZIHHT 2HRGEMRE ZO, KL
T2 O0RARY] (mixing a, mixing b) D OLNSE. B, EORAZRVNLLLRKRELIETH
57 =5 KA VAP, BRACEHIEIC CO, OBA AHZ D, DIC DIREDHA L CO,—DIC
M ORI L 2 6 PCEORIME - 724k LTHHTE 2.

PLED X912, #EKOD DIC Ol L ek (6 °C) oBIfRIE, HERBEEICHl -T2
WY OFHPEETH 525, TNZTNLEELLNZNTH L2 akm o5 I L dAESTIEE
V. 2O A, DIC O jr#% E R AR I ERAL R ZE 53R it 3 2 T MO R EEE OB & shT
WBH, MOTEREMAGDOETHL LT, RYTOWELTREERY, I TREFHHTAD
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SN IR O IR Lt 23555 % SR O R IR 3 DS I

FfRT— & & ORI, B2 O 5 Hr
F—=F OBRFD 200 EIIRT L2 12T
5. T, BHERT AORMAET— 5 & oxt
WTHoH, Fig dhTF—sF LV 2R
Y ORLTHED L7 8§ DDiliREIZ Ohsawa
et al. (2010) 2BV T He Ffith& o< F
WHAHEENBDOTHY, 205 bakE
AE, AL, AX, T, AR IZIZiFE##IF CO, DR
ADBEDENTWS (AE & AL 7L — |
DRAAIMZE S 7o THERHEICFEBAE
NSRRI ICHRT 5 CO, & A, AR,
T, AX IZ= ¥ PV CO, ICET). b L,
oKD AIRE L 13 CO, Z R R
T FARORUBTHEE LD b1X, £h
SRk DIC &4 TH%, ## B, AN, E®D
X 9 12 (Ohsawa et al., 2010 ® Fig. 3 # &
M), TECO,ICEAZLDIZRDIITTDH

D, K= M R SR L v RIS,
ZOMDBEAALER G OHHT 7 — 5 2T
HEMBILETHDLN, MOTORRTH2
DT, GOTKA (3.3) 1RT.

fully equilibrated waters

3.3 CafARELHCO; 1A EBED

£31ET
Figure 5 1%, #FKo Ca® i & HCO,
IREORRE ENVIRERMTED L2 DT
H Y, [FKIZIE DIC DREE & fe 2 g /AL
it (6°C) BRI (Fig. 4-(A)) 12H &
Hr—4 L LTHRb LIZAKE IO T K
Lipkor—yd7ay FLTHLH. M
BN AT, Ca’tk HCO, OFVIBIEIAT ] - 2 BB E A BEMTH Y, AIREHIROM
TAREBBEAKDT—=FIZIFIZZOEMIZB >0 M2 LTBY, 1 CO, ZHM LU ARIZK
BAIREDERIIE (CaCO;+CO,+H,0 — Ca®" +2HCO, ) THEK LK THE I L%2FEbLT
Wb, —J, AR THWZZREKD Ca®" & HCO, DMRIZZ D1 : 2 0HEBE»SH LM ICThHh
TBY, ARELEKROMEERPSRETOEYTIERL, NOBERIEZRTNE RSV EE
RLTHBY, Zhd F72, AFKRD DIC Dk & REREFRMAL (65°C) DBERDOZE Y R MR E
LTk, THIKEEHREECO, DIRATHAILEZTHFLTWEESRZ LY. &b, REKkOK
At Ca® 1 HCOy =1:2 TRENZMWEMRL Y b HCO, ICEE—AT, #IZCa® ICHET D
DL H LI GBI W, AG, AZ), ZRoidbofn L 0 IR EESTcH Y, 7 a1 tHE, ClI°
RSOSNWELLDTHAH IS (Table 1), TOWIKICE L TIE, AR E KO AIFEE
s,

K/100

Fig. 3 Na-K-Mg diagram (after Giggenbach, 1988)
for hot spring water samples.
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(Mutlu, 2007)

@ hotspring in limestone area in China
[Lu et al, 2000]
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€a.-1%0

mixing-a e
.

Fig. 4 Plots of concentration and & '°C values of dissolved inorganic carbon (DIC) of sample
waters. (A) raw data, (B) explanation by a model of water-rock interaction (dissolution of
CaCO0O; by soil water) with data of groundwaters from limestone areas in Oita Prefecture
(Ohsawa unpublished data) and hot spring waters discharged from limestone bed rocks
(Mutlu, 2007 ; Liu et al, 2000), and (C) explanation by a mixing model of deep-originated
CO, into shallow groundwater formed from soil water (see text in detail).

3.4 FEEEIE CO, DHE%

Wi TOMITICHB T, WRHMILOBROKIRAEIRTH 55, wWELRE (DIC) 13720
R2JR & LT3 CO, DM CO, ICHRT 2500 5 Z LAVR SNz, Z2 T, AHiT
1, BRI CO, OHKOMHAZ ERHME LTEREZMA LI LT 5.

Figure 4-(C) €D INZZRERIND S B, RAERY] a DB CO, 252 6 *C DT
flilE, R L2X 912, —1%RETHY, TRERABELZIMEIZL > T, BERY b OEFRIR
CO,DZFNRIBEIZ -5%THsHEFHTEXS. BIHZMEREEED 6 *CHH (0% ; Hoefs, 1987)
2, BEIEIY Y FPVDOZFR (—45% ; Cartigny et al., 2001) ([ZEVETH S Z EHh 5, FRESR
FIOEEBEIE CO, 1ZFNENICHE T LI LAVRBEEINSE. 22T, ZOHIZOWVWTHHID LR
SELEMAT, B CO, DHKEZHEESETHL.
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Ca2+(mM) Ohsawa et al. (2010) &, HIZHB~R7z X

664 o i b 75 N, BT ARNART — & ST & 72
"o - - 100 8bﬁﬁ(T,AR,AX4Al AE, AN, B, E) 0ii

HCOs rich RIKD C/He He & 0 BC o B4R @ X fRHT A

Ca®'rich 5 DIC O R EDRENEEE 7, AR T, AX
110 uvyrwtﬁmﬁh,BANEuiﬁcm
2, AEELATIZ T L — DA RARIZE D
7o THIERNFR IR B A iht(ﬁ)ﬂimﬁéﬁi’“b_
IS 2 e FRIT (DR, TR aA M R TR
IR EEM L TEILT %) TNENEA
TWEEVIHIKRREGTVD., ZOMTITE
191 3 X TR AR & B & L7 a
BRDIHENTTIH 5 DT, Sano and Marty (1995)
WCHEL, TRZHWTERREZORASFOIH
BEF)ZENTED,

(WwW)_€0DH

\§P Awater from limestone e ng in Oita

0:"9\(? # hotspring in central Kyusyu (this study)
-~ , unpub. data)
<@ o

ksl {Liu et of, 2000}/ 0.01

Fig. 5 Relationship between concentrations of
Ca’" and HCO,™ of sample waters (@) with
groundwaters distributed in limestone areas
(~) and hot spring waters discharged from
limestone bed rock ().

0BCs=0"Cy - M+ d5C.-C+6%C0O-0 [1]
1/(C0O,/*He)s=1/(CO,/*He) - M+1/(CO,/*He). - C+1/(CO,/*He), - O [2]
M+C+0=1 [3]

22, S M, C ORERENFE, <> My, IhARARGERERE, T CO,z&KbDL, K
NI ZENSORERE, BEEDLoTEREFRD JPCAEE CO,/ He bz FEb§. ZhZFhoss
F X —#1Z, Sano and Marty (1995), Nishio et al. (1998), Deines (2002) IZE@L L THEH< > b
VR, MUK, HERREA Y OMOTFHHEEZRAL T, BFERZEOREEM, C, 0 %t
HL (Table 2), BUEMIZO2DRTVWEIIC, ToORGFEEZ =ML LTELZ (Fig.6). 77,
EEKM%%KMkNﬁKM@@ﬁﬁxwr—y(ﬁ%% 1999 ; NEDO, 1989) # 53R 72k
AARTFO KLY CO, I F 2R FEOREGEIAHED GbETER L.

Figure 6 2* 5, {BA&%4 a @3 53 ¥ AE, Al AN, B, E® DIC &~ ¥ M VRE I FEDFE5
MWIFEA LML, JRAARIER IR ER# & 1 CO, DRAICL B2 V) 2kl
bhb. ZOFTH AE & AL AAR IR REERERFZDO LD D HENKE z‘ﬂ:&i&&%
DKIE CO, (5B KILRLPEEKILDOER T A) ITEVRABRICHZ Z LE2RT. —F, BER
b ® AX, AR, T ® DIC (ZiRARY a LIS 2ITH# LD, 7/%»iﬁmﬁ®ﬁ5#k§m

Figure 6 # 2 L %255 Fig. 4-(C) DM T HIMREDT—F KA v b2 BTH DL &, BRIERRIR
DCOE LT~y PVEBRENTFHEINS AX, AR, T IZEARH] b2, AE, Al, AN, B, E&
52 CO, 127k Ak AR S BRI CO, SIBA T 2R|A R alll®@L, D9 H AE & ATk
AN, B, E & ) ibA AR R REIEEEFERFZICELEVIERLIIADN TN LI bbb, 20O
Z &iE, R CO, oHIRR 13 CO, L ORABRIZOVTOTFENMHENLS LW EERLT
WBEESTEIWVWTHA.
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Table 2 Estimated result of contributions of sources carbon in dissolved inorganic carbon (DIC)
of the selected hot springs waters following the calculation method presented by Sano and
Marty (1995) using data in Ohsawa et al. (2010).

Carbon source (%) .
Mixing series Sample No. - D(ef/{r;—g{ll egfét;f]ljgn%[é;%))
Mantle Carbonate Organic

AN 0.1 51 49 51

B 0.1 50 50 50

a E 1 39 60 40
Al 0.3 86 14 86

AE 05 83 16 84

T 47 25 28 72

b AR 37 18 45 55
AX not calculated but almost mantle origin —

Carbonate 3.5 REREMEE (68”C) D& L DRE
#EIE CO, DEFEEEDOREY

@ Kirishima Volcano

A Aso Volcano b DIC DIEEE & 6 BC DBIRIKICH S
N2RERFZEOREGERE, s°CHiL COyY
*He tt % 272 DIC DEFRFZDREHRD
FHEMEROBAML, BFETRELLRRW
DIC @ § °C fii#r & IR FE DO HF 5K % i
THMERMLT S, 22 TlR, ToHERR
Rl ZhzeHwTHiR O 8 DD At o
I @ DIC 1215 @ % bR CO, D% 5-3

Mantle Organic AL, SOCKMTOERIIAETS S
LlZF 5. Table212Fb LZIRERY a, b

Fig. 6 Ternary diagram showing calculation re-
sults of the contribution of source carbons BT AR ORBRZOFTEDH L, <

e Toble 2 Toseher il oo o ki ) £k

Aso and Kirishima volcanoes. For mixings a R e #% (Carbonate) DZFNE& L7

and b, see Fig. 3-(C) and text. b D& EHFIE CO, DHEGHRE L, 6°C 1l

L OMEMRE R (Fig. 7). #9) Lk 2

A, RERH aTIE, R*=0999 L WIHMDTEVHELEDH 2 Z RO LN, ZOBKREH

WILE, AR ADRNART — 5 537% { Th, DIC @ 6 °C D A A & EIF £ OH 5% %

HET DI ENMETHY, ZOMRREM> TRARY a l28 T 2 ZOMOIR OEEENR CO,

DHEGHE WML o 745 % Table 31R L7z, 3B AX IZOWTORERFZDRAFIGIHTE

o tzlz0, BAERH D ICOWTIREBRFREZEOFGHEL §PCHOMBEMEOMFEZTE %

Mol hs, RERY a LRBICEBRWZERICH S EEZZTHRAZAB AR XN TOF—%

KAV P ERMAEREMRE LTRD, ZOBRNAE M- TRARY b BT 52 0Mloika osEiiE

5 CO, DHGHZ RS 572 (Table 3). 72721, #¥ 213, DIC @ 6 “CHAFERIZD 5w
2, HEROMEERDDLZEDNTE LD o7z,
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S3C (%) : X

Fig. 7 Linear relationships between & '°C values

of dissolved inorganic carbon (DIC) and con-
tribution of deep-originated CO, of the se-
lected hot spring waters sampled in Ohsawa
et al. (2010). See text for mixings a and b.
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7 & TRHEGEOMNPTRLENLOL I
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X HOB%EMMETHILICLT.

P10 ARSI CO, O F 5
§ Wi, EREEIE CO, OG- ARl 12X

AT, Sl - 52 (2006) DS 10~30km
BT 5 AP Ai ¥ EI/R L7202 Fig. 8
®(a) TH5DH. T TRMHZD] FEug,
BAZH a (BT % ik AoA MR e R IR
CO, DHFG-OK E VR AL —R VG 112
FRICESEITH D, FEAKLOILH T M

WZh ALYy — Y (K70Q -m) D
RKEPBR—HDPAOND L THD. LA ARMR TR CO, DR EIZILARLHET L —
FOBIAKIZHED T OB RUBRRTTTHDDOT, WMHED—FKIFZ DRI — > ORI T
AT 2 7 L — MHKIRADSEG L TR ZRIET 20 CTh s L Bbhb. &k, R
AK, BA, BB M5 T 7T IZ LB OME DI TDH 505, LA AR R BRI R IR CO,
DHFGOE VR BA & AK ORISR — 320 ) 7 T TW A W REM A D 5
ZEERLTVALERDLIENTELY). ZLTC, ZORBEFMOEIIETKGTFHEREDH Y, ZII
BT 2R ORBEE KDY 7L — AR KTH 2 LRBENTVWDL I E (RS, 2005) $#H
Wig<, €O 7 CORKIEEREOER/ILENS.

PLED X912, kA RARImEREBERIE CO, DES OEWIREOMEROM FI2iZ 7L — i
IKEARD L ASDAFAET DM HEHE DB W EATRENT=A, Fig. 8® (b) #H AL, ZO )Ml
HEDT 4V EVHET L — DA AREREBROF I E T LT, $iH (2002) 12X 5 &,
74 V¥ ViET L — F ORAARTFANIALALTE S 2 & 2~1.5 Ma GBI O PEALTE J7 11 fizdf L
T2 ENTBY, RAARFEERIEDENS, ARG 7 4V E VT L — Fh 5K L 72k
METERLTETREIEN Y — 2R L TWw s & 3L, MERORESBAED 7 4 1) ¥ Vil
7L — b DOILARARFRERO T L ) LR HUMH N 2L & %2 5 DI TE 5.

Figure 8 ® (a) TKIZH 2 5] <UL, ARSI b ITET 2~ >~ PV CO, DFS DK E Wik
WBDIFLEAED, AEBHNICEPLTWEZETHS. HIPIOMARZT 2D I AE RO
RE D EBEKLOERMEILIKIT Y — » Odu BRI AE T 2 2 L2 s, BREKILO~ 7 <
KRPHIRELZZDDEBEONEDS, ZORFTIEINERRNI L2 RIFEOHKRIIR LTS,
NEEHIWIE R X > THRIICHEDLAATTEMEEZBZEEZEZoNRTBY (TH,
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Table 3 Estimated contributions of deep-originated carbons (for mixing series a, CO, mostly
derived from subducting oceanic plate ; mantle CO, for mixing series b) on dissolved inorganic
carbon (DIC) of all the hot spring waters.

Contribution of deep-originated Contribution of deep-originated
Sample  6°C  CO, (%) Sample  6"C  CO, (%)
No. (%o0) No. (%0)
mixing a mixing b mixing a mixing b
A -6.82 75 AC —21.52 21
B -1351 50 AD -10.95 60
D —1254 54 AE —447 84
E -16.28 40 AF —21.65 20
F -1335 51 AG -2211 18
G —20.02 26 AH -522 81
1 —14.73 46 Al —3.68 86
J -10.62 69 AK -2.03 93
N -1249 54 AL -643 76
P =772 72 AN -1329 51
Q -10.85 60 AQ —14.51 52
R —1447 47 AR -13.90 55
S -10.68 69 AS -854 78
T -9.96 72 AT -4.30 84
\% -13.62 50 AU -1350 50
W -14.71 51 AW -13.39 57
X -1944 28 AX -9.03 76
Y -10.95 68 AZ -9.95 63
Z 0.66 cannot be calculated BA -5.20 81
AA -1127 58 BB -13.00 52
AB —10.66 61

2000 5 IS, 2003), €Hx) TIZx ¥ MVEJE CO, & HidtiEil £ T LA &9 2 5 20k
DBBHBEEENT VLI EEZRBLTVWDLIHDEEZ L. B, ~ ¥ MVRECO, DHFES DK
EWVR ] 250 LT T 2 BHICOWTEE 75 2 LI LS, FIfF— /USRI &
LMD, ZOL) BRELMEREHROMG BE Z 5N, HMEREMRD CO, 2 & LiRIRIEO 77
ARBKEAEEZHMEMNEICETEAZIETLEIRHED I DL LTHEHITREDDTHD L) L
ERRLTWS.

B R RINO B & 2T 72RER CO, DFGDORE WIRRIZIE, LA, hAARMER KR
IR CO, DIRERINIET AR P, QFFENTE2b0LEZLNL. L L, TNOEDOHRRDOW
H s ARV T IR LS A A L, S 2 & BT IS 200 T KRB E 5 B UK 4285
ROSARE (134, 2004) OALBIBLOBRIZH Y5720, TD L) et K INES D% =
DELTOCO, PG LTCREELDHD I 5.

4. HH YT

Bkl & 22 B KIL DI S 2 IR INHITIC BT, KILIRBL Y — » 2 T3 % Ak % i
L., TOHEEZMB72012, WHREZRD % OISR A SR Z R L, —BKE, KOLER
ML, DIC i1, RFELEFMUAARLOWEZFEIL, ThoDOMIRILFAN T — & i 217 - 72
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Kirishima

© Hot spring rich inmantle-CO; J TL-a : Oita-Kumamoto Tectonic Line

J TL-b : Usuki-Yatsusiro Tectonic Line

J TL-¢ : Butsuzo Tectonic Line

O Hot spring poor in deep-originated CO> J TL-d : Nobeoka-Shioyama Tectonic Line

@ Hot spring rich in CO; fromsubducting oceanic plate

Fig. 8 Geographical distribution of hot springs showing high contributions of deep-originated CO,
overlaid on maps showing (a) resistivity distribution in 10-30 km depth illustrated by Kagiyama
and Munekane (2006) and (b) major tectonic lines and isopleth of depth of subducting
Philippine-sea plate.

LZAh, UTOZENOBHLNE 7.

RO KBERIEEARIETH HAH, DIC & L THEIBEIR CO, D523 L Wik & 852

D7z,
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HskICH®RT 5 L g S hrz.

L AGA B R IUE IR CO, IR LIRE O &, Sl - 5RE (2006) IR ENTWEHEE

KINOALFF I SN 52 S 10~30km (SHFFET 2 KEIL ) — v Bk EF»Ic—%L, =

DIRILIEST Y — ¥ ORI T L — b BKFAARD IS LT B W REMEARIR S 7z,

-V PVERE CO, ICE iR IIMEEMZZ L EZ SN TV AFE-ANCEFLTBY, £

DI TIZ® ¥ MVIHEEAT A % Mkl £ T LA 389 2 MA0O BB OFHEIRIE Sz,
AWMFEAFET A L TRREDO LD G4 MR EGL 2 E25TE 2. ENHIE, Bk TS
BATON DA BT OMIEDOT THMENE LTAHEINE LD EEL LD, ZoZ kDS,
LR K D DIC O jié 32 % 2 AR L ER L S IO IF 28 A3 Bl et © & 2 1MoL, &7 AW
AR T— % ZWY AALEVF RN AFEBIATNL Z L TRELHH SN, MROERN LD L
WY ZEERTIENTELEEZ L, TNRRLTANIETHO TIRREND DO TRV, #F
FTEDAY VAN DICHICH - T, HHAMBD 2V IEWEHEFEL V) T E TONFEL 1T
EMLTCWE LR, ETORBICOVTHFT AT = BRETERLTH, k2 T OBIRT
WX, DIC DRFLEFRVAT =7 2 FHhE L, HHFATF—F TENEMMT L TT — & T
MITR, TOBERRHERIITAHEVIZETHL. TDL ) HREWRT, K, oo
IR @ DIC @ i F 2 E R AR ERAL RIS LTW L 50 THEE L R NTENTDH 5.
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