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Contact Point of Hot Spring and Groundwater

Tadashi TanakaV

Abstract

In order to clarify the contact point of hot spring and groundwater, the author con-
sidered the origin of hot spring waters using the 6 diagram of hydrogen and oxygen
isotopic ratios of hot spring waters. The 6 diagram provides us an important information
on the origin of hot spring waters from the hydrologic stand point of view. The results
indicated that the hydrogen and oxygen isotopic ratios of the most of hot spring waters
in Japan are plotted along the meteoric or local meteoric water lines on the ¢ diagram,
suggesting the origin of such hot spring waters is mostly the meteoric water. However,
the isotopic ratios of several hot spring waters are shifted from the meteoric water line
and distribute along the mixing lines bounding the weighted mean value of the meteoric
water and the end member sources such as sea water, fossil sea water and volcanic ther-
mal waters. The mixing ratio of the component of meteoric water in such mixing waters
is usually higher than that of the end member sources except a few particular examples.
Those results imply that it is reasonable to consider the origin of hot spring waters in
Japan might be the meteoric water, namely the naturally occurring the hydrologic cycle
water in basically. This stand point of view on the origin of hot spring waters maybe
important for considering the conservation of hot spring resources in sustainable as
shared resources as well as groundwater resources.

Key words : hot spring water, groundwater, stable isotopes, ¢ diagram, meteoric water
line, origin

= =
EREHTIKOBEEAEZZ Z21201T, AFETIES 54 ¥ 75 L HOTEEKDEFRICOWT
FEAETo 1, INFTICEI NI HARDIEIRIKDIKTE - BRRLERAMIKRILIE, TDZ < H
KIKERTIR > T7ay b a3, ERKDOIEFENPRKIKTHS EZRLTWVWS, £, RIKEED
53 TNARPKITOVTE, RKE—H DK E LT, KILEEUKL#EKDER AR D

148

D IR AR B BRI EIIER T305-8572  ZKIRIE S K TR E S 1-1-1. Y Graduate School of
Life and Environmental Sciences, University of Tsukuba, Ibaraki 305-8572, Japan.



55 58 %& (2008) TR & TR DB

FHFICINA T 2ERAPR SN, TS DERBKEHRERABIEST 2 itk > TS n
1LbDTHBHEVZ S, THOLE, BRKIIEERIKE L TOHNKSHE F I EIC K - TS
HoNtzcbDTH DD, H50VIEKLUTZRHK, (LAEIKE - 721 4 ViBE DSV
IKBBAT A EICE->THERENIbDTHBEZEZLIENTEL,. INODLEEHEZ
T, BREFEOREEEZ 514 > T, BRKEHITKEERKICHRAZER T 26
BThHsEDHEMPEETH LI EEIERHL 2.

F -7 — N ERK, MUK, LERNAR, 6 54 Y 0T A, ROKER, R

. FL®IC

TR IEZ ORED &, K& < idkiliEoii R &R0 RIC/ T 515 (Fukutomi, 1961).
F 7o, BRKOEIR AL & LEHkic S v, FEIER, 7Y — vy 7RISR, EIRIER,
KRR IS E DRI T 53 (Matsubaya et al,, 1973). X SICKKEEOELR, #H/KERDR
R KINHEBUKERORIR, (LaHEKEROERREEICHHINS I L bbb AR, 1991).

R EHTKOBELAEZ 5 LTI, KIEROB A, SIREKOEEEZH S C BT DFNHHD
KA bDElbhs, FoIDI LR, BREFEORE - RELEZ L LTHEETHL. 0
&, ZEREREE T 2 RRKDOKFEL L OBROLERNMAHENZ  OfFHERE L T 5.
ARETIR, ERKEEBITHEK, K ®IIKEE, KOKEE X OBEEOZLERIMAH I H S
WTHRRAKDEFIZOWTEZTAHA B EITT 5.

2. KEBERMIERICEITBKRELUVBRRORERLMIEDOHM

KFEB L OBROLERMMAEICOVTIE, £ OE (BIAE, #AR, 1989 ; B - #AK, 1996)
DHHDT, MEITERL, I TIIKERIEICE T2 Z0FEPHICOVTIEd C &icd 5.

IKRFEDOLERNATH 2EK (D b2 WIFH) EBEEDORMATDH 5HE%-18 (P0) 1, HDO,
H®0 75 K O/RS T L, BARREZFERL TV, TN o DRGMEEEL KDY FOEEEIE R,
H,'%0 : 99.73%, HD"O : 0.032%, H,'®0:0.20% T& » (HEHH, 1989), D %0 Z& LKA T3 » 1S
DOEGTHEELTVWS, 7, (LFMICEKZEDOEDTH BT EH 5, D & B0 (FHAE b L —
+— GBEFT) & L COKEROMIFLCRHE N TV 5,

D LB0 v — & (HHETR) (FHFEICH O, RN 19%0 FEEE D EEMEN] 15 #/K T 13 & DRI
H. (CH/'H, ®0/%0) RIFIF—ETH v, LMK (Standard Mean Ocean Water, SMOW)
LN TV S, KOFEIGHELIZ Z © SMOW 75 DTHFR (%) RETFR RSN, Iz o lHENE
ATVWE, LEN->T, SENRELBZEEEVEMNKICEALKER S, £z, FfEEELK
13, ZRPEEOBETEVSY TE2EUKEBOVATE2EUKOSBINEL S, Thid, EVST
EEUKEBVDTAEEUKETE, KRQEICENH B1DITHEL2HRTH L. Hrls ik
DRI B R THIXIICE S, KURDIREETIIMIINTIRL 185, Lcdsi-> T, Kb 5k
DEFET 5 & X RFBOIKDTICEALKERIDPER SN S, T, TOKEKDRKIZE S & X
HINCE WK T2 5 18 B KEKDBRD N, REHITE 2 KZESUE S S ITB VRN EK T2 &
LkEGER D, K113, o702 E2ERITORLEbDTH 5. LERMEOEEDER (H
BWVIEABESIER) EFRENABIRIE, O LT ukRIck->THEL S, F7, BKhoRMEL
3, BKDPIER SN S & ZOREOELMRZT 5 EBHONTEB Y (HEE, 1980), —MiciR
R EMENTWS, T8b L, KOLERMAEIEROBEREEZEG L Ty, ZERERER -
TWAZ&ITH D, ZOZEMBRENMAT 2 &ITk - TIRBEKOEFEZES T EHWAJREE 12 5.
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Fig. 1 Schematic diagram showing fractionation processes of isotopic
water molecules during evaporation and condensation processes.
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Fig. 2 ¢ diagram of meteoric waters in the world (Craig, 1961, partially corrected).
2 HERMICHIFEIRKD O 54 ¥V 5L (Craig, 1961 Z—EBIEIE)

3. KKBREOTAVYISA

HREHIDORIKPEIIK, EK, FIKE W - 7EERIK DK & IR O LERM A O RIC i3 —
TEORGRMNH 5 EMHIENTWS (Craig, 1961). K21k, COMEFORBRERLILLDTH S,
Craig 8 H U 72B8%Ug, oD=86"B0+10 & Vo i TR E N, KKEE (meteoric water
line) EFpEN TV, 758, K2I1T/RENTWVS [closed basins] &3, FRA - FHRIZ2FR72
W TEHSERI | 2Bk L TR, INSOMEICB T 2KIBTERSTER TR VY, bR
FOWEZZ T, T ORERMALIZKKEL D PP T HIC Ty h&h b,

2ITRSNBARK, 75 Bk 0 DOIEAAL, #illic D oFEIGALE 75 v b LK
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Fig. 3 Schematic diagram showing & diagram.
3 051V ISLDEREK

EOTAY TS LENFATWS, K3, 6 514 v 75 2u2BEAHNTRLLbDTH S, BKERR
L4 BIEBRUKDIKE EEEOLERMARLE, BERKE ISR -TT oy &5, KKEDZR
(A 8 13, KEKDEEE L2, KPEFET S EED D &0 ORIMANBIFREOEICE - T
PEENBEHDOTHD, HIKICE 3 Z0EFmDT/NE WV, UL, #i7EOKEID & KMEFRS
% & XITld, BN GRS RIGLASER M < 72, RIEOFEEEZ S 1oKkDKFE & B
DIEERIGALLO AL 8 L /NS 15, FEHIE 10 1d, KEIDPERS NS & X ORERFHEE
Tk o> TRE 120, BEBEICRZhFThotific X > CCOTEHIEDEIRER 2. flZ1E, BAD
Rk D ZIERIGA L OBIRIZK 2 DRKFRL D 227E i T, 6D=85"0+17.5 ORIFEME A
5N5. LIch->T, &O—MIICKAKRL, 6D=80"%0+d THEEN, TOHLHE2IHIT dE (£
7213 d-parameter) EFFZNTWS, T dfEIF, KEGHDHERKREN S & ZDERFHEE I L > THR
T 0, BFEFEESHECGE IR dEIIRE 5, Fio, 1EBKE R 2 RN E
DUy ETEEBOK & NRE L 7cEE, © OIKDKFHE &R OZERIM A FEK D INE A & b
B DRIAIAL & st Bl 7o o b & d, HTRKLMKDSHE FEL OFE - BIE F it 5
NI, BEoEA E OB TREZRRN A2 (oxygen isotope shift) 234U % T L35 T
B, TOEEEZFIIKOBEMEILIER 3 ITRT &SI, BREDRAMEKL? FNE(T 5.
PIED T Emonind &91T, 6 51 ¥ 7T 2 R3KDIERT o 242FZ 2IBLT, £ OF
AR LTINS,

4. BRKODKEZES L UEROEERNMMAKLL—EARMAILEDERKEFELT—
X413, BEE, HARE, KIREICEET 2 45 DERKD S 51 ¥ 75652 R LIcbDTH 5.
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Fig. 4 ¢ diagram of hot spring and spring waters in the northern parts of Kanto region
(Minagawa, 1997, corrected and revised).

K 4 PBIEMITILEDBRKEFKD 6 AT 5L (B, 1997 Z{EIE L THNE)

T CoOXITIF, FKLAERBUD 8 » 0 E/K (—EHEIIIK) ©6 54 ¥ 7T AbRENTH
3. fE TR L 72 6D=86"0+17 D#FIE, HARDNPETDREML TR FREER, 1991) %2RL
TWa, M SHS»O X 51T, K OIRFIKEEKD 6D-6"0 ORIfRI, 2 2> DRIKERICHZ
N5Mm, HEVEFKKFIEWVEE E>TVWAEI ENSD5E. £HM5 13, HRKBXOFEKDE
& & RELERMALLOBIRE R LI b DTH 5. RARMNTHES A E L 15 51> N TR A RAME
1S BIHEEMH O, £ rWFEICED 5 I Lichs > TRGARASEL 2 @380 5hd. 2oL
folEEE, S EFREIAALL E ORIRICB VT O 5N, KO SRR NBER R A Kbk L
1ZEDTHBENVWZS, THbH, T ITRLEERKOELMARZ, FhEnofigicsi) 3K
KOFEIRALILIZ & > TEREENTWE T ED S, BRKOZIFRK &K 2#FEE LicbDT
HbEVWAE, BINEOERKICOWT FEMERIERHI I TV S OkA - FHH, 199D).

X 4128\ T, —HDORRKITOVTIE 6D-6"0 ORI EKEN S9REFNT T oy hEh
TW5, KRR - SRR RSB X O AREOHE - HEFERKMSZS L, 5 0EKIE
X 5128 W\WT & RERMEHEHEE?» S RETNTVWEDNED SN 5. AiliERE EFEERIIOVT
13, RRIKDOIKFHE LERFEMELLOE SV T &, T4 4 VIRE & (R 7,500mg/D) T &,
% 7o T OHUIB O HERHIZEMED S FIW U THIKDRIR ORISR Bb > TW B T &N TN 5.
X613, CoOHUIRKOFKDMEE L CEEHFKOMEE A, HRERK & SRR RK ORI A L%
OFAY TS L ETHAR bDTH D, COMAILET % &, 0D ET0%, 6°0 T +2% D HITIE
T 5. MKOENALIF 6D & 680 fHE BT 0% TH B0 5, BEENALT+2% Ot
s &iclss. selcbxic kg, —HIcHi PP ST RS Ol - mE P T o5
By, FAHOEAE ORI THRARMAESNEL 2 2 EBHONTEY, ke LE & o
FEEiTld, 350°C T+ 2% OEEREINNAHDE L 5 2 LG T (Bowers and Taylor,
1985).

152



5 58 % (2008) TR & TR OB

1800
1600 y O BFkK
L o ot A EK
1400 Q
le] 3
L o) o
1200
A '%$
- - ol .
E 1000 oQ L Y
(07 P
fiz r Jé ‘ﬁ#
% 800 ooA " ”
- )
600 QO A
>
L @ A
400
o)
200 OO0
L o Tl - TR AK
T
0 1L " " : L V@ L G\sf 1 n
-100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0
8D(%o)

Fig. 5 Relationship between altitude heights and hydrogen isotopic ratios of hot spring and spring
waters in the northern parts of Kanto region (Minagawa, 1997, corrected and revised).
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Fig. 6 ¢ diagram of the Itsuura and Hiragata hot spring waters (Minagawa, 1997, corrected and revised).
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Fig. 7 Relationship between chloride ion concentrations and hydrogen isotopic ratios of hot spring
and spring waters in the Itsuura and Hiragata areas (Minagawa, 1997, corrected and revised).

K 7 HiE - ERHEOERKEEKOELYA + ViRE LKZTRERMIKL & DREF
(&1, 1997 #{EIEL TMNE)

B 7id, Fuil - SEEHISIC B T 2 IRRKDI YA A iR KR OLERGLA & DBtk %R
LibDTh b, Mrd, THRRKEEERRKE, SEEHFKOMEE#HKDfE (GD=0%, Cl-
=19,800mg/l) ZFESER EICRE T2 ENnns. Lich->T, ZOMRRKOARIIKIKEHE
KEDRBICE > THAT 2 &M TE L. TORAENET, KK 61Tk LTilfkr 4 Tho,
FIKD b BEEHZ N,

X 8 (&, HZH - HEIEHIS DERKEFEKD S ¥4 ¥ 75 L& R LEEDTHS. TH5DEFK
PEKEFE BRI, RAREEFELAEHEAEE L, FOMIIN27 TH S, O, KkilH =
DFANPES FIARNRICE 5T, RKEEEFEETIEKDS 514 ¥ 75 2DHEIF3ICHEBEED
S A - AR, 1996) &1RIF—Fd 3. £/, TOEBOEEF, BB 3 kLkEVK
DIKFED L OEEZEDEMAH (6D=—20~—40%, 6"°0=+6~8%) (FATEZR, 1989) IZi#EL, Th
5 DIRFEIKDHERIZRIK & KILMEBUK & DRGICE > TSN B, LaL, TN SERKDE
WHERKE» GRELFTNE bR, KLUEEUKORAEIGIENTH L EEL LN
%, HEEOARERCHARR FERERSKESEBEET 2ERTH D, KHERKES
OOREENEZ oNBD, ZOEGEELL THBEELEMEG ONTWE RER, 1989).

5. £ YIS

DOEICBVWT, INETICHESNAERKD 6 514 v 75 & (BEERINB AU g
BT v 4 —, 2007 75 &) 2RISR EXI DL ST 5. ThE TITRIT S NiciRRKk
DIKFEB L OBBEOLERMAILL, ZDE L ARKERITH >TF oy b SR, RRKOEFESK
K, THROLEKEERE TIEBKTHZ I EEZRLTOVS, o, TORKEDLSIFITNDIE
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Fig. 8 ¢ diagram of hot spring and spring waters in the Nasu and Shiobara areas
(Minagawa, 1997, corrected and revised).
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Fig. 9 Schematic diagram showing 6 diagram of hot spring waters in Japan
(Ueda, 2007, originally by AIST, corrected and revised).

9 OHEICEITBZERRKD 65 A5 L0KRAKK (LHA, 2007 (RIS AIST) Z{EE L THNE)

RAKIZSOWTE, RKE—H DS & LT, KILEBUK-P ik ORI O FFHI N A 3 5 fdl[n) 53
Honsg, 97405, INomimisa ot bic7 vy b S AMEKE, KKK ILPEBIKR#K
LIRGT B E LTRSS RKEEZZ 5N b, BEMERDOES, KtEVKOREEIA
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B EL, 50% Ll EOlEERTIEREKS H B0, ZOLTHAKLUHEK» SHsEh T3 b
OTREIEV., £, 70—y sy 7RERICOBESNLILE 7 » v # < 7 FHilIc B T 2 EFEKOE
Kb, §5AY T I oFKEFRTH S EMHESNTWSE CKE, 2000).

(LRSS S NS N A2 RBDIRRK b RIKE b 5 —H DK DH 2EETRAE LD T
bV, KIEBOBE,L O BZORBFERIRKTHZEVWZLE, THbE, BRKEIIEEKE L TOHM
IAKISHUE 2RI & > TV S NIc b DTH B0, H 50 KILH 29K, (baHKE W -
1IEAEIA A VEEOEWKBAT A EICL > THERINA D THBEEZ BT ENTE B,

6 A YT T L HEeA RN B IRFRKOFICEET 28I, BREEFRORE - FR#EE2Z2 5 L
THEZLORBAEEZ T<{NE, T16bL, BRKOZL ZERTIEHTHY, FuhEiEs i
AU KEGERICRI R RE S ER T H . Fio, RRERORSE - REEEZ 518> T, B
IKIEHETIK & EIRRIC BARR A TEERR T 2 IWEEHTH 5 L OFHENEETH A 9.

E

Ahgid, 2008 459 H 24 H~27 HICHIBIR AR ChMME S N7 EARRREFEAE 61 FIRAIC
BOT, FHHEEHE LTREBLAEABEZID LD b0 TH S, REOKEEGEZ TV IZV
ReEERBEOTHMBEBKS 5 I HARRR S EORINEHKREZ 13 U &3 5528611
BLHL EFES.
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