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Isotopic Composition and Origin of Hot Spring Waters
from Toyama, Japan

Yoshihiko MIZUTANI and Kenji YOSHIDA

Department of Earth Sciences, Faculty of Science, Toyama University

Abstract

Thermal waters from 46 hot springs (including drillholes) in the non-volcanic region of Toyama
were chemically and isotopically analyzed. The chemical analyses have indicated that there exist
various types of hot spring water in the region. The chemical and isotopic data for the Na-Cl-HCO4
and Na-HCO 5-Cl thermal waters associated with Cretaceous granites in the Kurobe gauge suggest
that chemical and isotopic equilibrium temperatures of the water range from 150°C to 200C,
and that they are of local meteoric origin. The 3¢S value of sulfates dissolved in the water is
in the same range with that for sulfur in the Cretaceous granite in Japan. The dissolved sulfates
are, therefore, considered to originate from the interaction between granites and water. The
Na-Cl and Na-Ca-Cl brines from Tertiary sedimentary formations underlying the Toyama and
Tonami plains and their adjacent hills are the mixture of local groundwater and fossil sea water.
The 6180 and §31S values of sulfates dissolved in the brines indicate that the dissolved sulfates
are isotopically similar to sulfate minerals in Green Tuff formations and can be considered to
be sea water sulfate leached from the formations. It is also suggested that the brines have undergone
bacterial reduction of sulfate in the aquifers, to varying extent. Several hot brines show the
oxygen isotope shift of up to 2%, suggesting that the brines have undergone oxygen isotope
exchange with silicate rocks in the depths. Carbon dioxide-rich waters are associated with active
fault systems. The carbon isotopic data suggest that the waters are formed by dissolution of
carbon dioxide of deep origin, ascending through the fault systems, into meteoric groun d water
and by subsequent water/rock interactions.
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1 EHFER 1987, 819 1122 549 1.8 -32.8 6.7 - -0 NaCl g
2 KEHERGER [ 520 412 1.7 445 -84  AT.0 W4 250 ul|
3 BsER 1987,10,26 840 32.1 8.0 5.7 -85 - S0 7ol
1 HEOE 1987, 8,19 - 241 6.1 -44.9 -8.6 - - 2 s5
5 R /) 500 45.0 6.7 120 1.5 - - N80 Na-Cl R
6 AEEsR 1987, 8,13 1000 24.2 7.4 -44.8 1.5 - - 550
7 i 197,92 150 295 6.3 -61.1 9.9 2.7 - 1080  &C0; -Na Hg-HCOs CI5t
8 EBER 1987, 8,13 592 43.8 85 -48.5 91 256 161 1124 NaCaCl S04 B
9 FUIlER W 120 15.0 7.4 -2 -6.8 - - 5530 NaCl g
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" 1283 3.2 7.3 -5%.9 -8.8 o = 4340 Na-Cl s
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1988, 9,28 1200 37.6 7.7 -15.4 3.7 2 = 16700  Na-Cl 3t
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00 - 9.8 6.7 -11.4 : - 18 T Ui
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652 47.1 7.6  -63.5 -10.8 2.5 135 200  Na- S04 J# BAN
8 770 58.8 7.5 -35.6 -5.2 = = 8 Na Ca-Clj KRN
1987,10, 8 1208 44.0 7.2 -29.0 -3.8 20.0 - 10240 ”
n 4.17.0 6.3, -53.1 . -8% 2.0 1.0 5340 Na-Cl s
1987,10, 1 98.0 84 -71.3 -11.5 10.9  -1.74 133 T B (Na-Cl HCO 5
" 50-150 98.3 7.4  -68.7 -11.3 = -1.2¢ 125 " ”
n 100.0 86 -73.1 -11.4 = -1 139 " »
" - 9.0 7.7 -70.6 -11.5 9.5¢ -2.0% 129 ] ” B
1980, 5, 9 0 72.0 6.7 -78.9 -12.5 10.2 4.5 54 n "
1987,10, 1 0 4.1 80 -72.5 -11.6 = -3.01 41 » (Na-HCOz CI)
n - 601 7.1 -78.1  -12.3 18.1%  -1.6% 154 ” n
" 0 91.8 7.3 -78.4 -12.2 6.0 -7.2¢ 174 B Sit
] 0 9.0 82 -78.9 -12.2 = -4.1% 193 (Na-Cl HCO 3 S04 )
1982, 8,25 235 96 8.4 -81.7T -12.3 - i 458 Na-Cl HCO 3 s
43 BARES1SH 1987,10, 7 688 45.3 7.2 -72.5 -11.5 15.2 5.5 485 Na-HCO3 Cljt
44 FrRAPELEDR  1987,10,10 -16.2 6.3 -62.8 -10.7 2 - 370 Na Ca-HCO 3 Clst duNFf)I|
45 NIES 1987,10, 1 0 42.3 82 -86.6 -11.0 = = 418 Na-Cl HCO 3 f# FnE
46 HHIR 1987,10, 7 0 16.5 6.1 -45.1 -8.4 3 = 8. il
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M1 HEAER 96 261 200% 15182 51011208, <1 167
2 AETES 9% ’ 2 us 151 L
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=% : log(Na/K) + B log(4 Ca/Na)=1647/T—2.24,
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#: log(Na/Li)=1000/T+0.13,
#4: log(Na/K )=855.6/T —0.6267,

i IOQSIO2 (ppm) =-1533.5/T +95.768.
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DERAKNDEHICHRKT 52 EAPLMC IR THE9. K6 CRT LS, ZLEOHR
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LT EBIMLRATHE D
SO4% +2C organic +2H,0—>H,S+2HCO,~

B6IHNT, KERAEEERE@IE LFREOERBETIASKE IZTRE 64SES R LT
L0, BRI/ ST U TRERESO, BT T AHE, BE, ¥ERELSOEGCED, BEE
DHALDBRELEDLLZERD LD, Ln 5T, ZORBOEESO, B KEETS 3 THEM
D, HEEFLOEHT A Lhb0REKIT, WIERAHSEESTWEH, 200 &1t
BSOS AMBIET /N TV T OB ELZTTHBE LERBE LTS,

ClEDRRKDPEFMAE LD & O LBRHEBYCELHERCHEE IR TED, Lid,
CH, Z B UIRR T ADME S TV B8B4G, BHESOUIBEALEDPR TS, HEEEEYD * 2
VR (Zcorganic +2H207’002+CH4) Brbhbhs L 7o R ICHIRE TlL, :/@ﬁSO‘i (R R = T
NITIVTEE S THSERLENELLTH S, EEBL, ThbDOERKITH,SEE S TLS
BENRE . £ UTRKKR, SA—KHEERC L > TUREALBMg NEbRTW 5w, %+
NOORRKDREINa-CLEZ i 5 T 5. FHEBCELLTHECIERE, BEAENRID
WTH5. ‘

Oxygen isotope shift BRFAD LN ILERIFTXTCIRTH D, LhdEA—U VIt THT
FHEPOBHLTWA2EERTHS. ThLDOEREOMLEEERYF 4 RT. ALIER23)L
ORI, 100CL EOHBHE W TRELXZRLTED, LiehsT, ZhbDEBOKIEI00
CLLEDIRE TER & R G % 1T\ Oxygen isotope shift #5213 T\ 5 L E2 b h 5.
Zh b DR RE DOxygen isotope shift A LB/ N I DIE, RIGKDER/KHEBR/NE S 5D
DEEAMS L. AREE R HER A % 7Oxygen isotope shift % &1 T\ % A%, Hui{L22E
BB TRE SR IRRE LD $10~30C LrE< . & OEROILEMTICIT B A X 7
TREKBODBEEL, BONCHTRERLOBENEIDEESLBbhA. LT, FO-K
BOKE DL, XD EHO—KEGKIE D b 5 Oxygen isotope shift %5 i) fo BiR Bk RS X h
TwbEEZDBRA.

Hydrogen isotope shift 23325 b U fe 3 A LA 5 (29) 13 B DCLIR TH 5. [AfEE OHydrogen
isotope shift [XHE H A H CHEE =% EH~FHR) B L O EBBH IR 7 2 H (=% _L#) DK
TROLITED, TORHAE L TGREIC KT 5 HEKORAMAHEKROEEHBIERH X T 5 18,
WA FALAIRR DR RKEFE=R THOREFREF D S hicEBEKTH D, LEDOH AH
Bk R RO —EEBbhs. L L, MAFAEEREROEKIL, 5 Hh 5685 Hhi

% 4 Oxygen isotope shift H\i2& LN B RRAKDH(L3E

S8 Na-K-Ca i85 Si0, W
C
23 ARER 49.2 59 81
5 {CER 45.0 109 67
34 ReliEs 44.0 177 149

33 EARHRES 58.8 179 -
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ko, BARK—RKAKBEEWE LTEBEDOCIA AV EEGAT S, Fihe, K5hb, JLEREK
BAO)DE—=Y vV 7P bDEALBROCIA AV REATHWAZ EBRDENRA. HERK
FeB\Th, H%L,ﬁ%@&fi/%ﬁﬁf%ﬁm®ﬁﬁﬂﬁiéhfb5#”>C@i
5 KDERBETITHTH D, SHOMARETHS.
@kﬁTé@@EﬁFﬁim,*Eﬁ%ﬁﬁ@»ﬁ&&%ﬂﬂ,ﬁ#Mh%U&,<5@
ER(19), WARRMA)THS. ThHLDERE, BKEEE LTV AMBEEDE S TIIERE
OEBHRELET Bh, Tl FOFEENMFTE ZMEREYHL T35, KBURRIZHITE
HEOENE» DB LTWAR, REMSLAT, BRAO-HMITHEMTEHEELYE - T 557
RECHRTALEDbRS. ThbDRRE, Ay RRUME, N2 ERSE L0.07~0.3%
TS I EIEE DHe » & 1lB R I A% - T 520, kK RAERR L KBURRIC2WT
i, SHe/*He HAiAE~Y 7 L DE1.4X1078)DHB.5ETH BT LBHALARENT WS (H
M, FAME). COBOERH A FHBERCHEKT 2. LiehsT, ThbDRRDKDD TS
AR EOEINE (WE) 28 L T TES21ER LK TH D, LOBFLFER S
O—EiTERECEET A EELONS. FllE, KRR, Ay ILRREB L O BIREDOERFSO,
i, M6k T, #BEE,LLERTIRR LIRS DBET AR YHESERLCIE LT
B, TERECHETIHEFESONEGELTET EERBELTWA.

4 FLD

FILRDOIEKIUEER R, RKFELRIRK—EREEHEFETHD, TORERIECELE—K
HERC L > TERENTH 5.

TERE R DE N B (BB 2 SBH T 2R RE, RESKERNE <, REIEMERR RAGER)
ThEBEENRE . —F, BRADERETFCHEE IR TV EHET, —RCRERMELS, RE
2CL R (RA—KREWERE) TH 5. ¥BEEFHOLBEETSELhLDORRKIIEFSO % &
ATWAD, FORERERLS Y —v 2 7 FORBIETEY (FCHEAE) OB L RBET N7 7
)T X ABEESO,DHS~DBETLIC L - THE I T 4. HEFEEF D b ILERRE D & R
HANRBHLTHWAEEIE, FhbDELR}, TOHBEBEEB) O TItEE®ERL LT
Bz Tnwb. Lich-T, fEEEToEihE WE) 2@k LT FEREKLHTERTORE X
UMb irEE~EA T A EBbh 5.

CO, £ L UHCO; #D4CO,1E, HEBEDOENEZHE > T LR L TEERREFEDCO, I H
¥k 5.
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