64

] £33

K58 O ZRERIZIRAE 2 1 5 A IR EUK O i

FUEBRFE AR F BRI FE R R R B b Fohtiak ( BAE - hEE R PR >~ 2 —)
MR, RREZ, 1 2E* [LHE 3
CERE 17 4E 6 H 24 HEZA, SRR 17469 H 2 HZED

W

Origin of Arima-Type Deep thermal Water from Hot Spring

Wells in Oita Plain, eastern Kyushu, Japan

Kazuhiro AmiTa, Shinji Ousawa, Jianguo Du* and Makoto Yamabpa

Beppu Geothermal Research Laboratory, Institute for Geothermal Sciences,
Graduate School of Science, Kyoto University
(* Present affiliation : Institute of Earthquake Prediction, China Seismological Bureau)

Abstract

Chemical and isotopic compositions : concentrations of major and trace dissolved
constituents, 6D and 6®0 of water and 6'°C of dissolved inorganic carbon (DIC), of hot and
cold spring waters of Na-Cl, HCO; type collected from deep wells and natural springs in
the Oita plain, eastern Kyushu, Japan are reported and the origins of the spring waters
are discussed. Most 6D and 60 data of the spring water samples are plotted near the
local meteoric water line in the diagram of 60 versus 6D, but two of them scatter far
away the line and near the point of “Arima-type deep thermal water”. The two water
samples have very high Cl concentration (24,000 mg/! and 19,000 mg/l) and extremely
high 6D and 60 values (—22.2%,, —27.1%0 and +2.7%0, +1.9%0, respectively). Such high
values in water isotope composition imply that these saline waters are originated from
andesitic magmatic steam or metamorphic water. Concentrations and 6 "*C values of DIC
in the two heavy waters are 24,000 mg/l, 19,000mg/l and —3.8%0, —3.2%¢, respectively.
Reciprocals of concentrations and §"*C values of DIC of all the hot and cold spring water
samples including the two heavy water samples display a linear relationship, and,
consequently, DIC in the hot and cold spring waters is a gradual mixture of soil CO, and
deep-originated CO, (magmatic or mantle-derived), and the greater part of the DIC in the
heavy waters consists of the deep-originated CO,. Therefore, it is appropriate that the
saline thermal waters having high 6D and 60 with high-6*C CO, found in the Oita plain
are derived from the Earth’s interior. 6D values of the hot and cold spring water samples
are in direct proportion to respective concentrations of Li and B. These relations also
express that the formation of the hot and cold spring waters in the Oita plain can be
explained by the mixture model of two end-members ; one is groundwater of meteoric
origin having low 6D and low Li and B concentrations, and the other is deep-originated
thermal water having high 6D and high Li and B concentrations. The latter is likely to
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be the fluid devolatilized from the subducting oceanic plate as pieced together from the
various accounts, and, furthermore, its formation should have no relation to magma
generation, because the Oita plain is located in fore-arc region. In addition, good liner
relations between Li and Cl concentrations and between B and Cl concentrations of the
hot and cold spring water samples suggest that Cl as a major constituent of the
deep-originated thermal water of Na-Cl, HCO; type in the Oita plain also comes together
with the devolatilized fluid of the slab.

Key words : Oita plain, Arima-type deep thermal water, Isotope, slab-derived fluid
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ARARR &, EBEOEE - EEHIE, KBIFOAILTE S I REIRORERICES %5 Na-Cl
HOEEN RO T & %2157, Na-ClAUKE 3 HARSHNICEH T 2 KRR ORFEAVK I @3
KETHBH, FEd 3 s IE KIS fE L T\ B 7, HERE R ORI Z ki kg LvER
ROZNEFUTH S EfERT 2 BT, JEXLHEEICEH 4 % Na-Cl BUKE O 565 °
D% <L, O - FIMARERRIC B SN 2 Ei Stk d 2 W IdBE D sk ZfF i o7k
THDHEEZALNTVED, ek L THEERERKIE, KOKZE - BREERNMAL (6D,
6180) MRIKMEHI T /KDEL D KE L 752N D T &, KRLERMAL EEY 1 4+ v
BEOMICH S 2R (RABER) » 5HRFS h 24 @ oD sk cldiiicE v
TEE, WL ORI IEE 2R T & S kIR R L LA K EIE R & (3R 5 R
Mok > TERENIBUKTH A S EEZONTWD (MMER, 1991 ; BH: - #AK, 1996).

HERBRSIFAST 2SO Nicid, 1 4 VIBESKORK 2 (5EE (50g/D T,
6D fEAY —30%0, 650 flA3+8.0%0 DECIH & 752 2 BUKAFEAE L (ARG TR, <0k 5 IfiFE
IKEFERBOK L3, ZAKAEFEOH F/KICE > THRREN 2 b OBEEMOERKTH
3 EHPENTVS, D& HHIBR LA A > BRMAVKORIN E LT, ()IEEE S
He Bt s nic~w 7 =K, Q) EKIEYZEZ  GUHEREOERRIER 2510 2 Bk L
K, (3) BT H 7z » THUEHICEFRE LK, B EDWL SO HREENEZ ShTw b, flZIE,
MAIER (1981) 13, A{LPEEEMNShRRGERIE S T LicEH L, Th s oo E ERAUKIIH
EIEFOBROEMAFHIC L 0 EURBUKTSH 2 & Lichs, SNEBERICAEL TWAEE - €5
Bz oW CTRIEME ~ 7 v~ DK Tl W EDRFERLTWA,

Fi, BEPLOHLEECEEM S ORR - SLRKICO VT, [ThE#H 2 @ He [Af{&L (PHe/
‘He) OIENTONTEY, FAIHIETEH 3Icbrrb o THETI2XI07, HIAT66x107°
L= v P VBB ARET B im0 He B ALZR > EBHASMcanT0d  (Wakita el
al., 1987).

LhrLIngc, BEHMAKOEKICEL TH—-sn LRI RSNTE S, Houims
BoNTWDEWIIRIIT RS - 7. Baltic?s > ¢, PERF (2000a; 2000b) (3, AEAEREZS
iR EORRPHENLHSOER OK %, LHAL 7 L —  ORiKERE & SO I TR L &
D ETRFIBRAEIT-> TV D, Fx OIS ITFE SN, 60~50km FEF TIThik
L, =¥ VO ERE DI ER L TL 2BUKRESEERBUKOIEA TR WA EEZ,
T4V EVT L= bR —5 VT 7L — MTIEARATO B PR AAIC B W TIEK L FiE
W) 12019 % et ROFBEMIT ARG L. KX T, ZOWFLORTRINCHEN L 7o K5
SEHTORHEICE > TRESNAHEERNAKICO WTHEL, 7L — Mikifik & oS EIc> L
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THEmd 5.

2. KRHOFEFDEREZOHAEHE

KOFE E RIS DR T b 5 Kor-HEAREHR O LMIic 83 2 R ER ORI T b
0, WRICALE T 2R/ THHIKIC R @R L, £ QR km SN (3 BIARCE A 54
5. —F, PElRIHEICAE 9 2 BRI S iREEREE S 0 L, = odkifs X OrEEic idiifE Rk
5 H 2 VWIEFSEBESDIES AmLTE L, Bufdokilizo v rBREFEILICE->TW5E, &
(- Hig (1986) 1< &, RRKOITHE IR & K EHEREETh S EEALNTVS

AU 1 1960 FEARLIRE, HErE O HF R (600 m~800m) I X » TRIF S NICIRR N L
BAELTWA, 2O X5 BIFAL» ST 2iRKIE, IKEE SR & iRy [EEEUK ]
ThrEasnTsy (FHI - ALk, 1985), < OECIF I FEE < HE% U 7o 1 o [ERRK - HE R o
MR HB B A E Nk Th 5 EFZ S, RiE 30°C~55C D s DEukIE, & D
Kk > TR g/l I biET BEBORBENEEATED, ZOHD WL D) IRIEA 2 (CO,) %
K ETBH A% > THBELTWS (BFH - LR, 1981). ThllAficd, FESLR P RRE S &
RIEREN TR A T2 IR LSR8 it & DB R -CWiEIR W ICAARBEIE L T b, S&E QKRB TR
SPEHICEE S AIRR - SLRICHSE T AR E 15 > TV B,

WA, KOPEICEES 2 FEEVK D IR ORIEAH S Micd 5 2 E2HME LT, BFKRE
DRFALGERMMAHEL (67C) LIRS X UKEORGRNH~N Sz (KR, 200D). Z OfEHE, 2%
JEEIK D SRR R ZEEREEIE CRIRIZKILMEE L TW3B) @ CO, HERSMEAHEMIREIR D CO, & R4
BEAGTRI -7 bDTH B EANHBAL, i Na-Cl, HCOs BUKE LA S 1L 3 Siasr o #ukic
SWTIE, T DRIER Y DIFE A EDETHCIE COICHRKT 5 2 EMNAS IS N, T OWTEES
Bid, KOEFORTE  ICIRES N 5 &5 O Na-Cl, HCOs BIBEUK »SZEE sk DiRiE D8 % 5
FTWB I EEMORELTEBY, ToORBEEALAHEKITKRD 2RO RMEFIRECELTL LD
Tdh - 7. F72, NEDO (1989) T & 3 ROYEFEHE o LM EFRSHFHEO—H L L Tithbhi
FEBOKDOREA 2t OfER T, ~ ) v &6 A (CHe/*He) #58.7X107 5% 8.0X107°° &5
WEZRT SDMBESH->TED, =¥ MVHERDOANY 9 ADREADREBEN TS,

PED &5z, KROFFICBEE 2 FEEBUKIZVL 20 fcE BREUKIC @4 2 HIBRk(bFA
HEZHALTBY, ZDI L 5TA IR TFHOFESICIRGE SN TV 3 BUKNEEREUKE DT
BEWHhEFHELEL UL, RKOEHFTEECTONHEELTEY 558 5 2 BukE Nz 3,
BEMBOKORRKOFEHTH 2 b TEWKHE - BBRLERNMAL] 2RI bosRBshTE
59, BB TR TFHOEBEVKEGEREWIET 2 0 RBIUATILEEDLI 225V, K
EF A A ERIEK A RS LS E LD, oL BEHNLSTH B.

3. EEHERS LMLZE - AR

2003 4E 11 A & 12 Hig, KOOI B W TR - SR KEE ORI E 1T - 7o, AHUE TIRIIE S
ZREE 600~800 m A DIEHIIC & 2 IREFAF DG L TS S T0 528, SEOFEF T 1999
FELBRICRR S B RO T 5, ERATECEROEY A 4 VIRESKT mg/I D ETH 55
WHREFRy =7y e L, F7, BREBHT 28R bRIBEOE/M A A VIBETHE D
IKOWTEERKZETS T &ic L. Zoftlic, 7Kk3%E - BBRRIMAOZIBENR & LTl - SkRKER
Il DT R Ic I8 W TR Gallk) OIS 1T - 7. BEbkoIdt &%, HF (welD, HER
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Fig. 1 Map showing locations of water sampling in the Oita plain. Closed squares, gray hatched crosses
and open circles show sampling points at hot spring (well), cold spring and river, respectively.

B (spring), I (river) OXBIE & HiT Fig. 11T/R9.

kiR & pH RBIHICHIE L, EE/L2FERLS (Na, K, Ca, Mg, NH,, Cl, SO,) 3 XU Li O/ A
Avouv b7 4 —TiTote. Ei, BOSDTE, 7V AF v HICKB00EETIT- 72,
B2 R (DIC : dissolved inorganic carbon=COsyqq +HCO;™ +CO:27) JEE 1F, sk Hy SO,
ZINA THEBEEM: I L, 3B OREERR ) % 9N T COpaq ICEH LItk 14 v X =& — 1Tk L
fe R LR FREMR A VT, MR ERREIC X 0 llE L.

DIC DRFLERMALL (°C/12C) 13, sk Sr (OH), Z 1A MIEL L T SrCO; % ki & +,
AR EEL L7, CHICE) vERZ N L CTHET S CO, 2 EHEEATHRTHICEALMEL 2. F
72, IKDIKFE - IERAREINALL CH/'H & #0/%0) 13, Thehemiithzt A icEnEic X o %k
5 Hy, IRLIRFFEHTEIC X 0 KK & RIS IC L7z CO, ZERa Rt EA LHIE L /<.
N SEERMKILAERR, =a2—Y—35 v FHVERSFHERO 5 7 ¥ —ZERIAMADTE
(Rafter Stable Isotope Laboratory, Institute of Geological and Nuclear Sciences) TfT-7z. &
SN BFEGARILITE RIS, BHEEOFEG AL, S D FhETFnRrTcR LI D, 6%0, 6°C;
BAATLIE2T%o).

ST & - TE S N A LRy (Na, K, Ca, Mg, NH,, Cl, SO, Li, B) O % Table 1 12,
DIC {2 (CO, HRIRE) & X OFINALL 6Dy, 6"Opy0r 6Coic) DHRIEFER % Table 2 IT/RT.

4, FEREEBE

4.1 JKDIKER - RRELERLIKLL

APk D7k - lBRLERN AL OBIE (6D-61°0 14 ¥ 7' 5 ) % Fig. 2 1R d. alklo 57—
g RA VN FE A A VBEAHORESTRIALK. 7, RAKEE (MWL : meteoric water
line) BXOLILEE~ 7 < /K&K % (andesitic magmatic steam ; Giggenbach, 1992) & Z s
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Table 1 Concentrations of major constituents and trace elements (Li and B) of water samples collected

No. Sampling date Type Depth Temp. pH Na NH, K
of well (C)
(m)

Oita-01 Nov. 26, 2003 spring — 16.5 5.9 1534 62.0 76.7
Oita-02 Nov. 26, 2003 spring — 15.3 6.1 1878 56.8 82.2
Oita-03 Nov. 28, 2003 well 800 46.9 8.2 1711 38.5 133
Oita-04 Nov. 28, 2003 well 47.3 8.3 1509 32.8 116
Oita-05 Nov. 28, 2003 well 800 32.7 8.0 897 38.4 69.6
Oita-06 Nov. 28, 2003 well 710 34.0 8.1 1649 41.2 125
Oita-07 Dec. 2, 2003 spring — 16.4 6.3 3255 55.8 72.3
Oita-08 Dec. 2, 2003 spring — 14.8 6.5 3721 86.0 215
Oita-09 Dec. 2, 2003 well 575 34.8 6.7 12213 287 678
Oita-10 Dec. 2, 2003 well 800 48.1 6.6 3702 90.3 244
Oita-11 Dec. 3, 2003 well 900 36.1 6.7 15813 383 231
Oita-12 Dec. 3, 2003 well 800 48.4 8.0 1575 49.1 15.0
OitaR-01 Nov. 26, 2003 river — 13.7 7.5 19.0 n.d. 1.3
OitaR-02 Dec. 2, 2003 river — 12.4 7.4 6.4 n.d. 0.5
OitaR-03 Dec. 2, 2003 river — 11.6 7.4 8.5 0.1 1.7
OitaR-04 Dec. 2, 2003 river — 11.6 7.6 12.1 n.d. 2.4
OitaR-05 Dec. 3, 2003 river — 12.6 7.9 6.2 n.d. 0.7
OitaR-06 Dec. 3, 2003 river — 12.4 7.4 6.7 n.d. 0.5

[Rem] n.d. : not detected

DORIEFIA (metamorphic water) 28U [EIN AL OFIFH (4 K, 1977) % N2 bk & R
O ATER L. T/, B L X 5K TR 4 ViIBE DSV S DIZRE L THKE
ToTOBM, KOFHORR - RO EKERNE RS & GEETH 72, RKICIEEITK
SR TR S iR - $RKD 7 — % (NEDO, 1989) ¢ T7 oy b L.

KPEE DR - FLRKDIKFE - BRRFEINAILE, BioEuniEt 1 4 VIEEART 2 >0EE
(Oita-09 & Oita-11) &, TNLIAORE L ITKBIESNTWE T EBgh 5. IFTcEzhZhico
WTEELC RTWL T &icd 3.

£ 9, LA A VIBESEY TE WV 2EE (0ita-09 & Oita-11 T, £ 1< 11 18,600 mg/l,
23,900mg/l) TH B, TNoIFODENRETNTN—27.1%, —22.2%, 60 [EHIIZ N ZF1+1.9%,
+2.7% &, TNETICRSEH TE SN EDBOEWKE - BRI AL ZR L, ZEE~
7= KRR PR S ORI A D[R SLA L ASH 2 P I WIE IS 7 2w &, o 23k
13, WAL A A VR L KOBERFEIN AL E b, HERMEVKOHEER ([C1]=50,000mg/l, 6D
=—30%0, 6'%0=+8% : ATEZ, 1991 XD PREHDEHZERL TV EA, HEMOBERIIHHES
NTWV ARSI ([C17]=18800mg/l, 6D=—53.3%, 0®0=—23.7% ; Takamatsu et al., 1986)
R AALER ([C17] =14,800mg/l, 6D= —42.9%0, 6"*0=—2.0% ; Matsubaya et al., 1973) DfEX 0
BEWEEAZRLTED, GEMBUKERELTOELTARVWEEZ .

ZOMOFEIKIZ D VW, WEICERINES N - SLRK S &) TREMICIE KK (MWL :
6D=8X680+10) fHic7a v b &N BH, & SICEEMIC RS KK > THmdT 5 b D &,
TAKBEE DS SO I~ NTT Iy FINBEEDEICHITFONE, SEBBHEEE L THRILL
PR DSKIKERITID » 12 2R L TWB T &, KATEHOMZFE~HT RIS 57KD
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from wells (hot springs), cold springs and rivers in the Qita plain.

Mg Ca Cl NOs SO, Li B
(mg/l)

153 91.5 2286 n.d. n.d. 10.4 26.8
195 175.4 2360 n.d. n.d. 9.0 18.6
14.1 37.0 2634 n.d. 2.0 0.2 3.9
8.4 9.8 1807 n.d. n.d. 0.4 13.2
528 88.9 392 n.d. n.d. 1.3 3.8
84.9 44.0 2018 n.d. n.d. 4.5 7.2
742 125.3 4243 n.d. n.d. 7.2 41.2
195 138.4 4356 n.d. n.d. 16.5 75.1

784 347.5 18649 n.d. n.d. 51.8 145
125 7.6 2135 n.d. n.d. 21.7 50.9

1042 282.0 23878 n.d. n.d. 33.5 278
35.2 52.8 2675 n.d. n.d. 0.1 5.4
11.3 5.0 20.4 2.7 8.0 0.1 n.d.
.5 4.6 3.9 3.6 6.7 n.d. n.d.
4 2.9 6.0 3.3 5.5 n.d. n.d.
.8 4.9 5.6 2.5 11.9 n.d. n.d.
11.6 8.4 4.9 3.7 14.6 n.d. n.d.
9.2 4.3 5.7 2.9 9.8 n.d. 9.8

K - BERFEMAH B RKBETRENBEZNEBERETH B EEZL SN, KOTPHTHAENZED
BoONBERKDEL DBEKITE > THBEENIKTHZ I EEZRLTOVS, KKEEL D E G0
i~ T7 ey Fahd 4OV, BKIT X - Tl S M iRRKDITE B A K T %
BOCEENE 7 A BRIEHY & ORI CRRRFRNMALHSINERC LIt bD E RS T ENTE B,
KOPPEF O NS IR S h 2 B BABUK E IR ~H T EERICHET 2K E DIRAICK B S
NERFKTHEET AR GAEETH S, FaADOFABTHLELTYHY Z T v 7SN TOVRIR
BIR SR O Hc hRREE DI LA A~ EEE (9,340 mg/L ; B - A%, 2001) 2R bDAd 7. %
DIRSRIKDIKFE - BFRFEIMALLZHET IS, FEREUK & R~ R IR 2Kk & DR DR
GRIRAERT XD BENELNZOTIRBOWAETFHL W, GEPHERTEHTVEOHEET
FERIC BRI HIME STV, 2004 ENIE, ORMBEICEYT 3MaT R & 3 21870
Mot 5%, FiicRiihck - <, ZoREOKRETERERICT 2K NEON S T EEHREL
7o\,

4.2 BEXRBROBRELREZRERMAELDOREER

Table 2 1TRL7cT — 4 %, IEF2KE (DIC) OIRE O & RFLOERMKL (6%Coic) &
BREERT A Y 7561270y b LEbDE, Fig. 3ITRT. TDFVA YT T Lh5IE, BER
BoOMAETHPCREICET 2 1M A2 2 &N TE OKR, 1995), KoFE O filHn 5 O RKH
DIRTRRS Y DFRAIA S22 9 5 T EAHE LTRKR (2001) BFRHLbDTHS. Z05A
Y75 s RicBNG T — 5 KA v b OEFHREINE, 2 OGRS ORGBERSGEET S L%
ERLTHY, KR (2001) 132 DRAROEAD S DIC OEEEIR & L THUBR DGR & HUBRkZELR
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Table 2 6D and 60 of water, and 6™C and concentration of
dissolved inorganic carbon (DIC) of water samples from wells
(hot springs), cold spring, and river in the Oita plain.

No. Type 6Duso 0" 00 6 ®Cpic DIC
(mg/10)
(%0)

Oita-01 spring —39.8 —6.2 —4.6 1670
Oita-02 spring —44.3 —6.7 —2.9 1040
Oita-03 well —53.9 —7.5 —14.5 118
Oita-04 well —53.3 7.3 —13.5 320
Oita-05 well —57.0 —8.5 —3.7 2340
Oita-06 well —59.7 —9.0 —6.5 882
Oita-07 spring —47.5 —5.8 —7.5 3020
Oita-08 spring —47.1 —4.2 —5.0 2880
Oita-09 well —27.1 +1.9 —3.2 3780
Oita-10 well —48.3 —5.3 —6.4 1310
Oita-11 well —22.2 +2.7 —3.8 4320
Oita-12 well —59.4 —8.3 —7.1 200
OitaR-01 river —48.8 —7.4 n.a. n.a.
OitaR-02 river —50.6 —7.8 n.a. n.a.
OitaR-03 river —51.8 —7.8 n.a. n.a.
OitaR-04 river —53.0 —8.2 n.a. n.a.
OitaR-05 river —50.4 —7.7 n.a. n.a.
OitaR-06 river —43.5 —7.3 n.a. n.a.

[Rem] n.a. : not analyzed

HRD CO 23 b 5 T & aflsmflid /o, Fig. 3 LicEakE o0 LIETR LT -7 84 v b+ (O) &
wEicEonicT—4 (NEDO, 1989) TH Y, EEH (mixing line) AR (2001) 3% OfEHT
WKEDRLIZBDTH B, BB, TOFA Y5 L0OHHN (08Coclil) 13 DIC ORARRZ, R
(DIC iBE o2 £ i) (IKORAEFRERTOT, Lid 2 BHEOmRS OFEREBITEBHK D
CO, % IAfE & B 1 RS IH 2K (deep-originated thermal water) & 13 CO, Z /AR S &7 @8E D
Hi Rk (normal groundwater) Th 3 EEZ SN 5.

AEFREL L 7205 - SERKD 7 — 413, HhRZENoDRARICH > T oy F&hdh, Z0£L
DIEEBACIRBK IS - B U Al LT W3, BilE (4.1) THERBK TS 2 & L sk
Oita-09 & Oita-11 DF— ¥ R D LI BALFEICT T v b ENDDIRIESICHRETE 205, KT
Ko THBEBINI D LR L 722 DMDIRER - $LRKD 7 — 7 D% b EBERAVKICHEY T 2
UMl 7 ey P ENBZDOR—REFELTVEELSICHEZ S, LirL, FERFEEVKOELER
R DD TE T NUIE, THUICEFE OHI FKNZEICRES - 1255 T HIREBR DO KDIAFKIEE
FE & IRFLERMALL B I E WEER RS C EosalfETd 5. I, R TH 2 alfEEo s
Oita-09 & Oita-11 KK D DIC BE 1L, £ 41T 3,780mg/l, 4,320mg/l EMHHITE L, T
RN EZLTHB I EARLTVWE, TOF—y 7oy TR, HERMEEZ BEREROEKD
KB BB % Na-Cl BT 75 <, ZAUTIRIEA D D3I - 72 Na-Cl, HCO;BITH 5 T &R S 1
TLEHEZEZL LA L .

ST, ABAEEZ TOLERIFEVKICE 15 REEEK ) O IR BLERIMAL (6%Coo) 13,
Oita-09 & Oita-11 O F — & ITHIER TR I O it CO, DRNE TIEIFREE D RIS R AT 0.1%0~



£ 55 & (2005) RO FE O TR IR & 5 FIERAUK D] 71

& 180 (%o)
-15 -10 -5 0 +5 +10
| | | |
+10 o
Cl (mg/1) I ,D\
50000 B3
Andesitic magmatic water ~
10000 [ ———— - -10
|
> +25 6 180
- — -30
Arima type B
deep thermal water
— —50
Metamorphic water|
> +25 § %0
=70
@ This study (®)  Arima (Sakai and Matsubaya, 1974)
O NEDO (1989) [l Surface water

Fig. 2 6D-6'"°0 plots of water samples from hot and cold springs (closed circles) and from rivers (gray
squares) collected in this study. Open circles show hot spring water samples collected and measured
by NEDO (1989). Open circle with dot in center indicates the Arima-type deep thermal water (Sakai
and Matsubatya, 1974). Dashed line box shows the range of 6D and 6'°0O values of andesitic
magmatic steam (Giggenbach, 1992). Bold line box shows the range of §-values of “metamorphic
water” (Sasaki, 1977). Solid straight line labeled with MWL expresses meteoric water line : 6D=8X
6'"*0+10.

09% B35 LE2FEEL (REGRRETOFERG ; 5-8 - fh, 2000), —3%~—5% DHEIFHIZH 5
LHEME NG, CThid, < v b VEREE TS CO, DRZRIMALOHEEM (—5%~ —6% ; i
- R, 1996) i d 2ETH D, < v FIVEFE CO, DFEMRBEENS, TDOI EFHEIRL
TR SRAIRE A 2 50 D5 (NEDO, 1989) 25< v F VHRDO~NY & ADRAZ R L TWA T & LK
GITH 5, FEREREHINS CO, DEEFICOWVTIE, KIHICBWTE SICHEREZED ST &I
5.

4.3 JKDIKRELIEL LMETHRERE & OBFR

4 1THITBWT, KOPE OGRS N 2 S0 BUK O /KFZERALL (6D) 23, 2Rk ORIl
TR CEAOZERAERDEITS 2 BICiRAME & LTSN 37K) OHLA BIAL AL o #EFRP I &
BT EZEnR L. TRIFHICE A4 735 505, BEARD L 5187 v — MG Tk AAL 7
V=t (235 7) 13, EESTEREBREN &FHEN B RSERIEMNZ%0, 25 72k 328
LAY Z O B ORI Eh okpihs s EEZ onT0WE FlA1E, 5
1995 ; AF U0y, 2003). £ D & 5tk (ZEIK) 137 L — MRAKRIER S A, BUTBokiis s & LR
BENBETENH B, JAE (1997) (3, LAIAAFEDIKDINLE EKERNAKICEST 2 REA% TR
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Fig. 3 Plots of 6"C versus reciprocal of concentration of dissolved inorganic carbon (DIC). Closed
circles show the obtained data in this study and open diamonds are cited from Ohsawa (2001). Two
closed asterisks show saline waters found in the Oita plain which are classified into the “Arima-type
deep thermal water”. Solid straight line is the regression line calculated using data obtained by
NEDO by Ohsawa (2001) and represents the mixing relation between deep-originated CO, (magmatic
or mantle origins) and soil CO,. For detail, see text.
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Fig. 4 Plots of 6D versus Li concentration and 6D versus B concentration of the hot and cold spring
waters collected from the Oita plain (left side) and Arima area (right side). Solid lines are regression
lines. Closed circle show present sea water and open triangles show brines accompanied by natural
gas from Miyazaki and Chiba areas. Closed asterisks are saline waters found in the Oita plain in this
study. Thick allow indicates the estimated 6D value of devolatilized fluid from subducting oceanic
plate (Kazahaya, 1997). For detail, see text.
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Fig. 5 Plots of Li versus Cl concentrations and B versus Cl concentrations of the hot and cold spring
waters collected from the Oita plain (left side) and Arima area (right side). Closed asterisks are saline
waters found in the Oita plain in this study.
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