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Chemical Properties of Hot Spring Waters in
Nozawa Onsen, Nagano Prefecture

Kenta Emorr” and Hiroaki TSUKAHARAZ

Abstract

Chemical properties and isotopic composition of hot spring waters at the spa area in
Nozawaonsen Village, Nagano Prefecture, were investigated. The origin of the hot spring
waters is proved to be meteoric water on the basis of the oxygen and hydrogen isotope
ratio. The hot spring waters were classified into two groups of geothermal systems ac-
cording to ratios containing chloride ions in total dissolved anions, a relatively high con-
centration group, and a low concentration group. The variation in chemical composition
of low concentration group does not generate with mixing the geothermal waters of high
concentration group and surface water. Therefore, there is an own source in each group.
Further, the variation in ion composition of the hot spring waters in the same group re-
vealed that the ion composition was controlled by mixing two original hot waters, a high
temperature and high ion concentration water, and a low temperature and low concentra-
tion one. The mixing ratio varies depending on hot spring site and time. Every group has
their own two original hot waters. The spa area is in a valley on the boundary between
the volcanic rocks from Mizuoyama volcano and Kenashiyama volcano. The group of
relatively high concentrations of chloride ions, containing two hot springs “Shinyu” and
“Takinoyu”, seems to be upwelling from the original waters under the Mizuoyama vol-
cano because of their locations, and the others from Kenashiyama.

Key words : Nozawa Onsen, Origin of hot springs, Classification of hot springs, Water
property and geology, Hydrogen and oxygen isotope ratio
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TK : Takinoyu, SN : Shinyu, KW : Kawarayu,
OG : Ogama site (5 hot springs : Shimogama,

Takenoshigama, Marugama, Yudegama, Oo- 3. rﬁf%ﬁ&uﬁg

gama), OY : Ooyu, X-Y : Line for cross sec-

tion for Fig. 11, and Dashed lines and hatched 3.1 REDHEH

lines : Active faults. Table 1125k L 72 HHERH SR D T & A8
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%. Fig. 4blaRran s Lo, FRERE
Bt 4 v OB THEEA A v O 5 2EEH
BWl &, BAF Y TR IR YT ALY
NEEAEEOTHB T ENEHTHE. &
B, HARBEMEA 4 v 0BG EL, B
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HEbEo, 1l NRREfhoRRE X
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W3,

TEFE DHESHMEIZTFIRIT L > THhEh K& 7S

Fig. 3. A view of upwelling of hot springs at Ogama site.
From the front : Takenoshigama, Marugama, Yude-  #EWA23d 5743, TN T NDOEBHORAME T

garr; zndﬁ?gilr;@ﬁli@%ﬂﬂ}iﬁ? L TH 5 &, HRIRROWERA 4 IR
i o iE, AE, fiE KE (577mg/L) 13, 1L/ Nig5 (332mg/L) X b

PREDT, HARER (1,470mg/L) D 1/3

BREECTh 5. WA 4+ v 3EREED 121
mg/L, 111/ WiERIE 702 mg/L, B RIE 584 mg/L TdH D FFRIER BRIV, a4 v %
RETZF MUY L4144 vIF, BIRIER 180mg/L Icx LT, FEERIIPE DKL 62mg/L T,
s AiERIDLEL 237Tmg/L TH 5.

3.2 REMNGHEEINDIFEERKIZONT

FPRIESR ISR T B IRKORIFZ M 5 72 ISR KO, KHEFERALZRIE L7z (Table
D). BEBREAAH & KERIR AL ORIG%E Fig. 51C/R7d. FEHE B3 Craig (1961) 1T & 3 KK
(6D=85"0+10) T& 5. Craig (1961) FHFEDMEKDEIRALE TN, 13EAETRTHRAKE
B Lic/fid 2 &AM L, SR A (6D=86%0+26) I3, TATER « B (1976) I Xk 2 EET
b, AADOKEKIZ A & BOMICH B E L. Fig 5 ICRFRERICB T 3APIZED 7 — 5 1TNA
Tl WilRRE (RER S, 1980), BAESR (LUARS, 1997) OF -4 &Rd. F—FIEALBD
Micd b, BERKEBKREFTHZ I EMWRISNTLS,

TR & D K LIEZ D [ER AL DRIED &, Giggenbach (1992) 13, HILGEHE < 7 < ORI
& N B < 7 < KO FEIRAHAS 60 =5~10%), 6D=—10~—30% OHPHIcH 5 LfEfL 7. <=
DOfiFH% Fig. 5 1R d. R C 13, Bla~ 7/ <wKEBRRMO F— s 2§58 b0Thh, w7 <K
MRBATNRIRRKD 7 — 413 OBHRE C LI d 5. FIRIER GBI KILOEFIcH b, <
TR S NAKBEETNTOAAREMEDNS - 7208, F— ¥ H S RIBADIHLIEZED SN
Mot 156, HERARNEICS 252 0iRmKOFRINALIE C OBHFE Licd 2 T EPMon TV 3
A& S, 1997).

1 > OEROFRERKIC, KEOHMZEANSTEL DEEGTRLE S &Ik ->T, KERTOM
ROZEALDE LT WA ERET NI, KimE A A4 VB L BEEBIRICHE S I ENTFESNS. £
fo, BFRTRBEHEZZZ TEERBIONE T — 5 2B TVED, o OEFHNRESEGDEVE
FIIKEL CTWa & NiE, BEREFRERTIZTTHS. Fig 6 IT/KREEA & v O TR b IEE
DOEWIEEA 4+ v & ORFRE TR

F =7 EHR—ER LA L TEY, BEORKWKGEOHI F/KM &, BEOEWEROFIRR
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Fig. 4a Trilinear diagram for Nozawa Onsen hot spring water samples.
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Fig. 4o  Trilinear diagram for Nozawa Onsen, Kusatsu Onsen and Yamanouchi
Onsen hot spring water samples.
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Fig. 5 Relation between 60 and 6D for Nozawa Onsen, Kusatsu Onsen and
Yamanouchi Onsen hot spring water samples.
Dotted line A : Upper limit line for Japan meteoric water (Matsubaya and
Sakai, 1976), Solid line B : Global meteoric water line (Craig, 1961), Dashed
line C : Mixing line of meteoric water and andesitic magma water.

5 BHIRER, EFER W/ WERDEZRKD 60 & oD DRIF
FHR A HARDFRIKD ERRR RAER - B, 1976), AR B: HH D
KIK#E (Craig, 1961), B C: KK EZIE = 7 =ik & DRGHL
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Fig. 6 Relation between water temperature and concentrations of sulfate ion.

6 JKBEERERA T VIRE & DBR.

KN EDREGERBZIENTESE. LHALMENOONEL Fig. 6 DEEE LD 3 WIEZEDLEEL
FoECich s REETEHO, FFEMTICER LTV A EEKIE Table 1IcRT & 912 10°C
VIR, WA A4 ViEEI1Z206~09mg/LEETH 5. TOBFEKEM &4 3ITIZEEEL. S
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0, COBEFETRIHBA A VEER IS > THEEIII0CHIRER S, Lizh-T, Wkt
& VBN C DK EERRE T, B 30°C AR OIKIROIRERK M &, #EEh ofiHssnic
SR OTFIRRKN EMNREE L TCRERPSFEHRLTOWE EEZR L 0T — s il TE 5.

Selcbxtc kST, BA 4 YD=M5 4T 25 4 (Fig. da DA ) T, BIET — 7 MEFRRIC
DLW EnD, 9, A4 0T, ROBEOESVIREA 4 v LE1 4 v & ORR
BIND, Fig. 7T, [TEOE] & THE| 3fbs B - @lmznR L, Ema + v Eiig1 4
v EDBHEN 1 DO PELE TR L, 2210005, Bb, W1 4 v OBEEZE(L &3 L X
HETBE, A4 VDR 5 o 2 O EROFRRK (B & D) &, 2 EHOKEDFERR
K AEO ODAFEHOT Y A VY NR=DPEELRFNERE SRV, 22T, FHINE L,
O 2KDIPEENZIEFTTH B ETHS. oF0, & UKEEATEHELZD S LTI
A& CHEICERRKEELTHRL, Fn&dwic, ZRMTREHLZETNIEB & D AE—E
FEZTHBRWC &I EM, RbohnwEdiud, KEE 2 H SEE 2 EHE AabtdT4EHE
OPFRFIKBBIEE 12, ST, WEGD T — % DN 1205 C-D BT H % 03 OFEH IFHLE
DEAAATH 5.

WRIT, Fig. 8ICIGA 4 v OHTHROGEEDE VS b ) 9 AAf 4 v EEA 4 ¥ Th b OV
fRA 4 v L OBE#EZ/R L7, Fig. 7T THMEFNTEWIE(YIA A viBEZ/ R L. [HEE] & [HEO5]
WCHEHT A EETF PV a4 A YBEWANCY 7 P LTWA LS ICHZ 2%, Fig. 7 T/REN:
& O SIS IS E VIR SN - 12,

RIS A A v EF Yo oA+ v EDOBERE Fig. 91Rd. [EEF] & [FEOE] BhoFRE
DF—5 LR S HEHFICAE L TVWADRSNE,. IO EE, KEED 2 EEOFERRKES
B 2 FEHOBRRKPEAT B2 EE2LFHELTWE, LrL, Fig 90 2KOEKRE, KEE
MO A A4 VBEIC LT LZ 60meg/L, + MY v A4 4 VEEICL THBLZ 100mg/L 1T
TRDLDLEIICRZ S, bLKbIOTHNE, SEEMOIFERKE 2 EETH 255, (KM
DOPFRFKIIEHETOIVWE WS T I B, T3 Fig. 7 THEE S N (RIEREW], SRz
NENLELE L 2EHEOBERKEMNELEINE I EERF—RFET S, Fig. 9T, 250

600
a o x/@ PN

£ 400 & o HE TE
E /+ ARE

b *+ ° X MiE

A X K%

t o SR A0k

g 200 + A Ri%

= ¢ E%

0

0 20 40 60 80 100 120 140
B AT RE (me/L)

Fig. 7 Relation between concentrations of chloride ion and sulfate ion.
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Fig. 10 Distribution of rocks erupted from Kenashiyama volcano and Mizuo-Qoiriyama
volcano (Kaneko and Tsuchiya, 2001).
Black and gray areas : Rocks from Kenashiyama, Horizontal line area : Rocks from
Mizuo-Ooiriyama, X-Y : Line for cross section for Fig. 11
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Fig. 11 Conceptual model of geothermal water system in Nozawa Onsen
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