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Abstract

Doroyu hot spring area and Kawarage-jigoku geothermal area are located at a dis-
tance of about 1km to each other, and also both are adjacent to the Uenotai geothermal
power plant. In order to inspect interference of the geothermal power plant operation to
these natural geothermal activities, geochemical character and origin of geothermal
water in these two areas are examined on the basis of hydrogen and oxygen isotopic
ratios as well as chemical composition of hot spring water and fumarolic steam, which
have been observed since 1985, intermittently. In the Kawarage area, strong acid CI-SO,
type hot springs show a relationship of hydrogen and oxygen isotopic ratios (6D vs. 6'*0)
that is characteristic of mixing of island arc volcanic steam and local meteoric water.
Also 6D and 60 of fumarolic steam show a relationship of steam boiling away from the
strong acid CI-SO, type hot spring water at about 150°C, in the underground. These
characteristic features have been constantly kept through the observation period, and no
significant change is observed between before and after the start of the geothermal power
plant operation in 1994. In the Doroyu area, boiling hot spring water and fumarolic steam
show a linear relationship of 6D and §®0 caused by steam-hot water separation in boiling
at about 110°C, near the surface. The isotopic ratios of original geothermal water before
the boiling is difficult to estimate, because the amount ratio of steam and hot water is not
exactly determined. This linear relationship, however, fits the average relationship of
local meteoric water, suggesting a meteoric water origin of the original geothermal water
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before the boiling. On the contrary, the geothermal water used in the Uenotai geothermal
power plant has a 6D vs. 6®0 relationship clearly different from the original geothermal
water in the Doroyu area, or the average relationship of local meteoric water, though the
geothermal water used in the Uenotai geothermal power plant is also of meteoric water
origin. The observation results mentioned above reveal clearly that three kinds of geo-
thermal activities different in their origins exist within 1 or 2 km distance. This fact sug-
gests rationally that these geothermal waters come up through isolated individual paths
at depth shallower, at least, than the depth of bore holes in the Uenotai geothermal power
plant, about 2km, and no interaction happens during ascending of these geothermal
waters.

Key words : Doroyu hot spring, Kawarage-jigoku, Uenotai geothermal power plant, Hy-
drogen isotopic ratio, Oxygen isotopic ratio, Origin of geothermal water
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TREEREB L OEEHE IE B E WIS 1 km OFFIEICAE L, ZnEh o fSHIEGER
IR 5. TS ORKROMEGEE)IC EOISHIEGEET OBEENTHd 2 B2 50
42 HIT, 1985 FELIRIEIRKPHER DK, BRFRINLARL & (bR 2 Wit i A L /<.
Z OFER, NNEBHX T, K¥E BRIENALOREFR &, Mgkt C1-SO, BYRRK I Bl
KINA R ERKDBEG LIcbDTHD, FEXUTZT NN 5K 150°C THREHEEL 7o/kZEK T
b D EHTE SNz, T ORBIIBIRIIRIEIZIZZE D & 4, HIEFEERT OEiLHBIA S 7z 1994
FEoREZ TRICA /LA SN, RBEMXOESPLHIERIE, 6D & 60 BiliFilr < 0y
110°C TilblEd 2 KB L BUKDEIGR AR L, ZNHC OISO KKDEEEZ®BS &b,
FAKEFE EHEES NS, & 2 A EOISHIEGEET OHIZVK L, RIKERTH 505, 2D 6D &
50 ORIRIFREHIR D bD L LMICEIL S, P Eo T &b, WMEDRL 2 3 FEEDHE
KD, D15 &y EofSHBFER oY HEAEET 28, 5 2km LR TR, T L
7oEEE FRLTL B3 EBEZ 20084 TH, 20 FFEBRETIHEEDO TV,
F—v— FRERR, NEESE, FofSti#geE, KERMAL, BREIAAL, HEvK
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1. FLC&®IC

PR OANEE QBRI iE T 2 BESER &)NFEEBHR I B E VI 1km 3 & O H
D, ThZTh LoSHIBFEERRICHET 5. HEFERICE L TR 2 5 KEDHIBUKZIEH S &
5 EDEBLORRBICHELFZ 2050 E, BARICE O TIRHIBCEERBSAKINCEE S 0 L
721960 FERD SR E S h, S FIFRERMB ORI TE2 PR, FFH, 1994). =
D& B EREE 258, EELIED 1SR, FERTHEHT 2BV E ELORRKD
HEEZHSMICL, TOKK, S5 h»oEE s 2 REEEAHEE L, M OB 22
fgd s EThs, PlAE, FRERILE O/ P T 3 REBTEERT & 78| B B R AL
KPP RNNERER» S 3~bkm {iic & T AIMET 5. TOX D BERECH 2 Icb b ST,
MR BT OHIBUKIE KRR TH 0, & ALK ENEROHZEUKIE KA ZEHET H
5. Lird, HEKEROYIHPEFEL COAHIN 2km 1L 0 bFEVWE AT, TholEOR
5% 2 FEFH O HIBOK S 2 42 ML L 7@l %8 - THIR IS I 2 C B picsh T b
GRAIEZR, 1996, 1997 ; TR - MATER, 2002).

Z T, KX TR, REHIX S X ONFEEMX O IRKPIES & FofSHBEGEE A s
B HIBUK OBLEZIT S i 5 HIUT, 1985 0 S WithiciT » € 2 iR R/KPEROKE, Bk



90 R

ENAR S & LR O &R &, T OfgF, KA, BB & OffIH AR A 5.
5B, £DOHIT 1985 FLIRTOFEHRE LT, FEES (1979) 3 & ¢ Takano and Watanuki (1974)
BT S

2. REHER, NEEMEG S VIS EDIEHEAFERT OB

2.1 RBSRR

RGRRSREROFFICAET 2 (KD, KXo, o GEillkeE & ko
LIFREN B 2 >DOHRBEHRENH B, TN 65D SICEICRITVESIEEINSA L, KED DK
ARLULEE L, R 0 ZFbIRFE ELKFHZ LRSS & T 2 LKEDB DT PICHRH LTV S,

HIX OJLRIT I, O PERIEIANE 100m 13 & TH%E L, BifEtasthd~n iz Lcws. £
DIFFEMX FBEVKEE 2213 Ch D, BRICESIEE RV TO Iz EfEESN S, fEiX ol
TR L SHESHTE Y, T~ Bk AIcigEl s h7okikdEm S8 2 ZKUD REE O
RELTHRINTE A, —77, DA, JHlclESiEsE R o nd, ﬂ%iﬁ@ﬁ&ﬁ@t@
ETEDbDN T W, &2 AD, 2000 FHEI D FFOIELAR SN2 X1/, 2004 1T FMESH
JEAINTIERICE D BEE ThtvCTWwa, i, MAIOESUIILETIN SR~ IC§5E - TE TV /s,
S DIBLDTEFITTIS - 12213 S HIC55% - 72,

2.2 JIREHE
NFEHER ISR D & 5 JessiR DVl h OB FRIR Ok Eiiilicd b, &R & 34 1 km

\JN\(H\

Fig. 1 Localities of Doroyu hot spring and Kawarage areas and Uenotai geothermal power plant.
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BN TWa, 2 2id, VIR Z5E L COEERIRO odnligitica b, thigh S i
o TSRO NS, BRI O B FER OGN OFRIC S, w0 Cl-SO, Ao IR AN EH
5. ZTOREEFKHEIESO E)IERRAEEEYUST 5. FNERAETE, BRK» I E
RSN ATRERSA 2 S UTRER N ) w AT 203, C OJIFEDEEERIER) & b4 & O g
) MBS L (Takano and Watanuki, 1974), Mg ORKAEE L TWA 2 EAURIBEN S,
HAERNOMEBEEORRICOWTE, Sl TlRERE (2006) OffiNd 5.

2.3 LOfSHhERERT

Lo X o HIZGAFETE 2 (3 [EASLER R ST K 0 1971 FELURELL o 1L WEH Tirb e,
Z DGR, FEOSIXKAESE WS, 1980 & D FEEIFOEHREHE Lo KORoFHEHO
JEHIDSBRIG S N te. 1988 FICHBICHKEL+N B BOKRLGHE SN S T L MRS, 1994 0
SEEMEIBE Nz, BAETIE, 9 1km? OFFHTHIT [~2km OEFEED SEH 260 ~ > Ok
DERELE N, 28,800 kW DFEENTHN TV S, HIBEUKIZ 10 KOAFEH» SIS N LD, 2D
B OFEDEFEFD S FBVKEED IR WKERKRD A PR O N, R0 OFRDEEHD O bKERLD
HEHEVDOZVWHEDONELNDG. 2L L TIIKERDOED &V 85% Th 5. Bukd LaFHlAkiE
hfkd Na-ClHTh , = d ClERE I 100~300mg/l TH 5. LirL, TOEEEIZBUKEKELH
BET 2000 oMMl FT/KESENEHLZED DBEUKICTOVWTDO LD THD, HITOSREDE T A
TERAKDOEID GWIHEA 2DT, EREIIOREID GKIREETH 5. M Fh S FRINS fL 7z
Kid, KBICHEAINZBREFZBELELHNICRINS. REIERO D OHFHEERETS
(1987) Kord - [ (1992) IKEE LG snTw 3,

3. JEEHRDBROEIDOHRE L RE DRERZE(L

3.1 BERBLUESOKE

BHRINOFERICEHER T 2 MEEMED CI-SO,MERICS>WTIE, FE S, 1985 FLERINER - N
H (1990) TRAE L bDbED TRIRKDKE, MEFELELE X O—Hic> W Ttk oMl
ERWENNCIT> CX e, F 12, ZRLIFNCOVTIE, FEES (1979) 12Xk b 1976 FEDHIELEE S,
S SICLIFID & D & L Tld Takano and Watanuki (1974) 1T & AL FEAHHEGE S TWE, £
NODHERRIRLISRTEBDTH S, 1, BRI THHOBESITOWTIE, 1987 FIT2 »
AT, 2001 41 1 » BT C/RZERRDIKSR, BRREMALEZRIE L e (£2). Th o DOESUIESKIH O
REANZIT 100°C DFFV DT, KEKDOMI ZFRILIRFE EF(LUKFEE G, HIKFEP 1L
WEEES TN, Fl2E, 38 No. 1 & No. 31213, —bmTRid 14~16% S 505, HK
B3 0.001% LI R TH 5.

X2 3, JNFEEX OMIRIK & KUK D KEFRINAR (6D, SMOW) & EEFZFIN AL (60,
SMOW) DRifR% C oMo RAK GrJlik, HITF7K) DRAR AER - NH, 1990) &&bHE TR
LicbDTH B, m#gEtED Cl-SOBUEIR/KD 6D & 60 DREfRIZ 6D & 60 Dili 5 H3 KK D &
D bE<, FNERAEOBREFMT 5. EIRRREORAIFERE - AZER (2002) 1Tk DEf
iR s o, Bk KLz 2 ERKNBE LD Lz, HARD XS SEN
KiHiE T KL A 2 R DIKES E 6D = — 156~ —40%,, 6%0= +6~ +8% DIEH I [E (kL EH
L (flZ 13, Giggenbach, 1992 ; FATEZR, 1996), KL/ 2 & KIKDIES TH U ik D 6D &
60 DBARRIFEAUKILA 2 DRAfR & RIKDRARAFE SERR B, F72, KiLA 2 id—#ickz®
Softic TRk, TRRLIEE, K, BIKZEEES, TOUDEHELICD RKERAELT
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Table 1

Hydrogen and oxygen isotopic ratios and chemical composition of strong acid
CI-SO, type hot spring water in the Kawarage area.

R

x 1 JIIEEHRKOEER M C1-SO, BB RIKDIKER, BRRRMIKLL S CIC/LFEHERK.
NO. Bk~ wWEC  pH  ClL, mg/l SO, mg/l 6D, %  6"0, %o
1* 1969. 9 .25 98 1.6 1869 1489
2% 94 1.6 1921 1599
3 1970.10.5 94 1.6 1990 1585
4% 96 1.6 2077 1686
5*2 1976.10.4 89 1.4 2012 1411 —54.5 —7.03
6*3 1985.10.31 98 1.4 2100 —56 —7.2
7% 87 1.2 2100 —58 —7.7
83 87 1.2 2100 —57 —7.5
9 1987. 7.17 2100 —56 7.3
10 2100 —56 —7.4
11 1987.10.14 87 1.2 1800 —58 —7.6
12 1997. 6 .25 97 —57 —7.4
13 97 —55 —7.0
14 2000. 6 .16 —56 —6.9
15 —56 —7.7
16 2000. 8.2 97 1.4 2300 —55 —7.2
17 97 1.4 2200 —56 —6.9
18 96 1.3 2300 —54 —7.0
19 2000.11.6 —53 7.3
20 —53 —7.2
21 —54 —7.2
22 2001. 9.21 —55 —6.9
23 2002. 8.29 —55 —7.2
24 2003. 8.28 —56 —7.4
25 2004. 8.25 —55 —7.0
26 2005. 8.11 1.3 2140 1090 —54 —7.2
27 2006. 8 .22 1.2 2310 1110 —53 —6.9
*I': Takano and Watanuki (1974)
B S (1979)
= RATER, NH (1990)
OBRKEAE L b O RIBH O8RS 2
Table 2 Hydrogen and oxygen isotopic ratios of
fumarolic steam in the Kawarage area.
x 2 JIREHROBXRIEY Bt OES DK,
ERSREIRLIRLL.
NO. BokH mEC 6D, %o 6"0, %o
1 1987.10.14 101 —67 —10.6
” 97 —65 —10.6
3 2001.10.29 —68 —10.8
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6 "0 (%) WA Bk AEL B &, TR LI

2 om0 Y B T 6 KSR 3 A I R L, bR & HRRR I 7

0, sREEMED C1-SO, UMK L 75 5. X2

8 D=8 "0+22 2B W TRt C1-SO, BUR SRR DB &

RIKDBERR & SE R Z AR A O\ I1E

IICHEET B L, B0 +6%DET AT

6D & —25%0, H BB +8% D& C

AT oD d—21% &7, EilKILz 2o

HPHICEET 5. Lichi- T, Ok

@ Cl-SO4 B SRR I Bl K 1L 77 2 & KK

MBEGLIcbDLrang, £, T0D

RBEDEID &WE, KL ZES 5347 20%

L L L L . -75 Th 5.

Fig. 2 6D vs. 6”0 plot of strong acid CI-SOs4 type hot BER A D PR OIS S W T, AER]
spring and fumarolic steam in the Kawarage area for DI WS, FDIKEE, BEEA AL ISR
?hgirigtrjmf;?m 1976 to 2006, and of meteoric water in etk CLSO, UK £ b &P LT oD A5

H 2 JIEESHOBMNE CLSO, RERKERED 1976 1 1200, 00 Y 3500 (K1), & ORI
EMD 2006 EE TOHRICONT, LS UICEID FIEIRICB T 5 KIE & D OESK OB

KIKIZDNT®D D & 60 DEIER. (B - FAER, 2002) SIIEREILTH 3.

6D 3 12%0, 680 43 3.5%0 & W\ 5 Z 3Bk

(B L7k (KA OfEIT 150°C TH U 2 RN 51 (14%0, 3.5%0) (Horita and Wesolowski

1994) & 3IF—HT 5. £/, KIUT R ERKOESTH U BukssibE L, KERDDEET 2 &

KSR & ZRREREE F BRI R L, “LRE MK FE ORI ZKERLKHICHITT 5.

INoDT EnD, COBEKKEOBHIOESIE, FIHRREFERC, Eidokby 2z &ERKOES

TH U 7o HIBOK AT ¢ 150°C AL OIREE THplE L, il L 7okEK & Pllra . 150°C o gk

ELRFERATKETHD, TNIEFEVKETH0m IcEYd 5. Lidi->T, OB IIEE ©
I -oTWBERHEEEN S,

6 D (%o0)

3.2 REOEBEIL

gt Cl1-SO, BYRIRKDIKSE, BEREINAHIZER 1 1TRd & 5 IcEHERRNI AR 72 1985 4F
POSHETEIEETHY, FAFFES (1979) 1IT/RE N7 1976 FEORIEE & 1985 FELIFEDH]
EHEROLEFOEHPNTH S, T, ClLEFICOWT O [EETHY, 1985 FLIFEIZIZIE—T
T, 1976 (P& S, 1979) # K 1F 1969 4F, 1970 4F (Takano and Watanuki, 1974) & % DZEH)
OFFENTH 5. TR BHIOEKOBIMAIC >V TS 1987 £ & 2001 OB TERBED S
v (% 2).

D& S CRIRRL AL FRHS S —ETH B EVD T LR, TS DRRKPIEL DGR,
T bhEEIMALT 2 EHFKDES, BLUOZNICE AU LEUKOH FEFTOMEE VS E
DI & bBREANERS I VRBESITELLSEFRICHR L TOW AT EARTEEZI LN
3. ¥z, FoSHEGEENTHER 2 BIE L 7 1994 FED R T 2N S DEIRAH R LMk I 208
Ronisuwl Ehs, FERICBOTH R SHIBUK 25T 5 2 &2 L0 EE IS iR Ic 2
ZHZTORVLEHTINS.
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4. RSHXOESOIRRKDOHKEA

4.1 HFNYMXOES EIES

g~ HIX OIESKRIES IS D W TR, HIXOREHITLRIR? SEH L TWicd DIz > W T 1987
FE& 2000 1T, F 2 MEHIGHRAILANC KB L 250 b DI W0 TId 2001 4 & 2004 I E %
fTote. ThODERIIEIITRTEBD THS. T HOEKPCHESOKE, HEREN ALOB
fRld, No. 7 DB E D AR &, K3 IIRT LB 1 DOERBEFRERT. TOEREFK 3 ITRL
7o T OHBR D KIKDNPIE %8 5 53, ) HHTE D @I C1-SO, BYiR RIK DO FIGE A & 138 & i/t

Table 3 Hydrogen and oxygen isotopic ratios of steam and boiling water in
the northern part of Doroyu area.

xR 3 RERERMINUMKOES LESDKER, BRHERLAL.

NO. kA FEPIZ IR WEC  pH 6D, %  6"0, %
1% 1976.10.4 AR, B K 98 5.2 —92.2 —17.05
2% 1987.10.28 Mk, ArEEEUK 5.0 —55 —9.1
” IS, A HEKZES ! —14.3
3 2000. 8.2 5355 98 7.6 —46 —7.7
4 2001.10.29 M, BHEK —74 —12.3
5 2004. 5.26 NS 86 2.4 —58 —9.5
6 ” ” 98 2.0 —47 —7.2
7 ” i) 97 2.0 —37 —1.6
TS S (1979)
2 PATER, A (1990)
S *0 (%o0)
-20 -18 -16 -14 -12 -10 -8 -6 -4
T T T T T T T -30
O 1976~20004F
L | o 2001~2004% 6 D=8 6 "*0+22 4-40
s 4-50
s 4-60 _
g
- (]
s ) 70 2
i S LotsaER g0
o #h 3K
- 4-90
o
L L L L L L L _1 00

Fig. 3 6D vs. 6"0 of boiling water and steam in the northern part of Doroyu
area for a period from 1976 to 2004. The extent of geothermal water used
in the Uenotai geothermal power plant is also shown.

3 RiFSERMXILA DM T NY KA DEKOMESD 1976 F£H 5 2004 4
FTOOD & 0"0 DR, BLULOKHBARBERTERSNSHEK
[IZDUVT®D 6D & 60 DEIFH.
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N, FRBERE BHIOERE b—H LBV, K3 06D & 680 OEMHMERIEE S5 THD,
Bk LIKZESME @ 110°C i B 1) 2 KEEM A D45 (24%0) & RRFEIA A D55 (4.7%) (Horita
and Wesolowski, 1994) ot (5.1) &13IF—%d 5. Ldi-T, ZOEMGPRIELRSHIZIE
Hid 2 ERTNCE N BTG L, BUuk EIKZESKUCHRET 2B OEIMAESINIc L 2 bD LHEES N 5.
Z DG, RMAELEOEVSDRAKDOE Y HVAEL, HITEL SO IKELOE D HEVLDOEWV
bDTHB, Fi, HIFH S EF UEKE R SEHEOHEIKD 6D & 60 DBARIE Z DEME LD &
I L EICALET 5. L L, IS OESUIKEREBVKRSG L THEH LD, &2 0k
REM->THBY, KBEQEBUKEZELICHHEL THRINT 2 E3R#EECH 5. Lichi-T, BRELL
toREHT D WTBUK LIRS OB L AT, RFHIBUKOEAFEET 2 & 138 L w,

C ORFHIBEUKORRIC O WTIE, £ DKkKE, BEFRMAEALNSAHTHD, Lok > KD
DBHHOATEVDT, WP ERSPEEV. LAL, Th5DESPEED 6D & 6%0 29Rd
BN OHIE D KK DIGEZEE S T &5, Z ORFEHIBUKAS KK EREE TS 5D THD,
Z D7k, BEEFENAL I OHSORKEFEL L7z b D TH ZAREMENSE V. 7, Thoom
QU TR LR LWL kEE ST, KGR BtEEE T2V, FIAE, ThooEED
Clr B 2mg/I FEEETH D, F M (1987 ) O FELRZRBE 1.2% Th 5708, K
JEREIZ0001% LN Th 5. Tk D e b2pdiakid o (SHIBGREERT i & 115 RIKER O HiZ
KEFMT B, COTEMHH, TOHIT N HXOHBUKNTIKEFRTH S EoRESN 5.
E AN, LoffhEREETclHI N TV A2HIBUKD 6D & 60 OREfRIT T OHiE O KK DREIF%R
LEIL A, FOISHETSERR OEFEH D 515 5 N 3 HIBUK RETHFICIRA T 3RS TKES TH - 12
n, KEKJEBKOREGELIZb DO THY, ThoDOHAIEMED S EFEOHZEYKD 6D & 60 ORf%RIE
M3 IoRdHPATH 2 EHEEasn s (- [iH, 1992 ; BAHEHIZL T 3oL ¥ — (FF), KFEH). ol
JRHIEIK D oD A T OHE D KIKDO B L D & 5~10% EWERH IZ Z 2 S Tl nds, B
HIX & o fSHIX THIZUK D 6D [E8578 5 Z & 1d, D75 < & &MEDNE—OHIBEUKTId 7 WAlEE
HrEO, W& bHIE, DIRET 2 KKERFEET S E LTH, I FTOMERRE, S4s0K
B, HEE T AT AR 2, HINKkE ORER EOBENK A RS0 TRV L]
ESN5.

Z O Y HIK N TSP IE S O ALE A3 2000 £EEE & 0 Bl 5Ll 100 m E EFE L 2 T
LIZoOWVWTIE, ZORE THIEVKD 6D & 680 OBIRICIZ A EME W s, BIcERo D
DB LIcicd Ew stiifran . MEACHE L RICh I 0 IBSTEE I E O iR, HiZvko
LREEOHET 0 ostES, HIBUKS B LEEL 155 2o E, ER LSV E A EROTILlic
BlicboiffEiEsnsg, JOMTNOMXEENEKEEEZTd TV E NS T L, AEDX
5 BEKOHOOBKEN T @EEDERRICH > TRV ELEI > TWk I &2REd 5. JLHloH
SIS IA E - 2B BEC L AROIEEICEON TV E 2 ATH Y, SRIESIEEIN IS
¥ BRI NEIE T 2R, 25 B HELL EORIBSISEIME L Thwkb D EEZ 5N B,
L7zhi-T, A0k 5 EEKOBENIZ 100 &S &2 OB TEBEICW EE L LD
BENTELOTHRWhEHEES NS, 58, 2004 FOEED pHMEVWT &3, 20X 5 HO
OBENC LD ERICE TN AMKZEDBRILS N2 itk b LHEES N 5.

No. 7 DGO DV ENAL ARG C & IR OBOBNEMADRICK 2. Tabb, BiFD
TRIRA (B T2 IBVKO R L RE ERFOEEZEELLOBEHDE-TW5, T DA, 7%
ENRHEREIANTHYETH 5 &, ZEHROBROBINEIMAE (BZ1E Matsubaya and Sakai,
1978) 12 & 1 6"°0 NZEFEDBEDNHFIMARINEL D b & 5iEmL 75 5.

C DWESKIEENC X 2 Lo SBAGEEN OB O FWIC> W T, Sl N oic 573
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BEEZLOBRIN I ST OIE WA, REEBIIETT O 1987 & & #3EBAIAR @ 2000~2004 FE O THy
WESE LNV OT, 25 S HIBGEEROFE XLV s 5.

4.2 JIOBELUVBEXVDS

Mo X CHEVOGOEMELZEIC SV TOFEERRIELIRTEBD THD, 6D &
50 OBIRIIN 4IRS EBYTH B, T oid, k& L TR, JIFEEO@ERK: C1-SO, FjE Rk
ERIKOREGRR (A LIREGOHIT N X OIS - HGH7RT 2K & KA DREIRLARS B D
BE% (B B) ORICfIBET 5. LA L, JIIOBIcoWTHIA L B3 & 1976 4E& 1987 £ 2 fHid)IE
FED CI-SOFURR & RKDIRGEIRICIZIZEET 5. /o, 023D CLEBE I 2000 ZELI# O
HOXDEFV. LivL, 0 1976 4F & 1987 FEDIRRIKDINNFED Cl-SO, M & [FXH D HIZUKAS X
SICRKTHN SN EEZ B E, ZOREGRPENELD 51381 30% TH 5 DI CLIBE) & (3
80% K& EILy, FIET 5. FMALOBERE2 S, © LA, JNOEGWIEREEERES KLA
2 A EUHIBEOK LIRS OHIT N HIK OHIBUK TEUKOE| D SV OEn b O (D= —55~ —57%,
580=—9.0~—95%) MNEALIEEZBE, 6D & 60 DREHZA 2000 LI, #EBITE-o< T
EaKILH R EZEUHBVKDIBARINS S oo ETHTE S, L L, ZOEATSH,
DED 1976 £ & 1987 D Cl EEEEDIHED Cl-SO, BIR IR D 156~20% TH 5 DT, JIIOEBENE

Table 4 Hydrogen and oxygen isotopic ratios and chemical composition of Kawanoyu and
Mearainoyu in the Doroyu area.

x4 RERR NOSELUVEEKNOSEDKER, BERERALALZ S TIC{LFEHEM

NO. | fkH ‘ REC ‘ pH ‘ ClL mg/l | SO, mg/l ‘ oD, % | 60, %
2y

1| 1976.10.3 83 5.5 307 144 —58.0 | —8.04

2 | 1987.10.14 77 5.6 370 —59 8.4

3| 2000.8.2 77 45 273 56 8.8

4| 2000116 56 —8.6

5 | 2000.12.4 —57 8.7

6 | 2000.12.22 —55 8.7

7 | 2001.8.30 —57 —8.6

8 | 2006 8.22 3.7 261 —55 8.4

HoEL D&

9 | 1985.10.31 63 1.8 340 —58 —9.5
10| 1987.10.14 62 1.8 230 —60 —9.5
1| 2000.8.2 62 2.0 93 —61 —9.8
12| 2000.11.6 —59 —9.7
13| 2001.8.30 —58 —9.5
14| 2002.8.26 —60 —9.2
15 | 2003.8.28 —59 —9.7
16 | 2004 8.25 —58 —9.3
17| 2005.8.11 1.7 120 1380 —60 ~10.0
18 | 2006.8.22 1.8 160 1160 —60 —9.5

B S (1979)
*RAZEZR, NH (1990)
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two natural hot springs in the southern part of H ZALTEDOHIEK DEE R L2 & & FE
Doroyu area. The lines A and B are the mixing

line of CI-SO, type hot spring in the Kawarage Lig.

area and the local meteoric water (Fig. 2), and Z D& 9 15kl A ZEJE O HIZEOK O H 5. AN

the line of steam-hot water separation in boiling - S £ = o

in the Doroyu area (Fig. 3), respectively. Rl e, LoUSHBGERRTORR (19?4
N4 ESERBRO)IOESLUELRLOB0ed TR SHRT NGOV TE, B

L OPO DRAMR. A RRI2ISRULINRED S TOEHFEREEL SHIMd 5 & 3HEL

Cl-SO, BRRKERKDEBERFRERT. 2B . o ; e

483 IR L CRBARST U pRowge |- o7 NOEPEECOROMI OlRE

HHOERETRT. T0) CRHAET BT VIS B MR 5

MERS LR OREEZIET 5 LITHL
DEHIEDLNE, INSOBEKIEH TR, BHARKRRIIEEALRONT, “LRE b
IKFENZELICHER T 2 X o it Tcw 3, ZoFic3mEsfifE L <sh, Ricd 2 Adkby
ZDIEHD &SI b s, T OMIXIZ HIFEEM & FERR I8 0 LIRS & KL ZEJRO Cl-SO,
BoORIREHT T2 nn SHlE, B L 7OKERKOEXIEE NS 0, Z OESH St L <
Wizk 45 &, BERZ OB IZEIREIIIESVWTWA T ETogeHEVWOGOEL A5
g2 ENTE S,

JRE
Cl-SO4 %! ]
BRT

6 D (%o)

5. ¥ & &

TeBs L VIFEEHX R RPESIT> W TKDOKE, BREELAHLE S O bFkm 5 LIF
D EMHEES NS, JIEEDO@EENE C1-SO, BURRAKIZ KA 2 & KKH 154 DED &VTIR
GLIBEUKTH v, TR IO Z OBUKY S HER T 150°C AL ORE T, 8t L 72K
AL TH B, REHIXILHI DI N0 HIX OEKPES I KKEFETH v, T OkFE, BRELE
i3 C oo KK OSFIME EF0R S % 43, Bifed 2 _E o fSHIBGETER O KRR O HiBUK & (30
SMCHEE S, NOBEB X UHEVOBIZHIT 0 HIX & [EkE s RKEFEOHIEVK &, JIEEHIX
EEE7s KT AR O HIBOK RS L7 & O ORIgEH SV

PbEo ki, ZoMifcidkoktFd 3 W IdpRKRORK % 3 EHOHATKS 1~2km OFfiED
HHEWITFMET . 2O EMD, TS OHBUKDE 4 FIET 2 ML o2 - ¢, HRicH|
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ETLEEZLDONEETH L, LOSHIBCRBHOVIHAHIT 2km  TELTVWADT, £D
KO BHIH ORI ES 2km IR TRHMHRICHEILIcb D EEZ NG, KL ROV
TEMT O~ 7 <o 0@ S L TN BN EA 605, L L, RKEROMBUKIZ
SOV, MEOEBESHT 2km 2 WIEZNLIEE TELTVWE ET 5 E, HEMSRBT S
TIPS km 5 VWIS SIREVWECAEIERL, BET 2 OEREE-> T LRET 5 &
WO PEBBIES IS T IR S50, £ D X D BIFEBENTEAET 2 BN SREIA L i S
MOLERETH 5.

1%, MBREE AL OMBGEEICE A 2 B>V TR, REMIXS X OIFREHXIZO W
TEHHESHIEEDIFEED S NSV, BRI DS 7S 2 HIBOK A 42 AL U 7ot odig % 5L
TL 284, HEOEEBRZEIEAEBVWEEZONS.
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