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Calcium Chloride Springs of Sea Water Origin in Toi Hot Spring.

Yasuo Kanroji and Yasushi Mashiko
Hot Spring Research Center's Institute

Abstract

Toi hot springs are situated on the West coast of Izu peninsula, facing Suruga bay.
At present, there are five wells, the temperature of their water ranges from 53.6 to
61.0°C. The total amount of flow is 3600m®day.

The chemical characteristics of the thermal springs in Toi area can be classified
into two types;one type is calcium sulfate springs of low salinity, and other type is
calcium chloride springs of high salinity. Thermal waters were originally calcium
sulfate type in the area and calcium chloride springs are formed by the intrusion of
sea water into thermal water of calcium sulfate type. The intrusion of sea water may
be caused by the overlifting of underground water and thermal water issuing tunnels
in Toi-mine near the spring wells.

Analysis of the thermal water of calcium chloride type shows chemical composition
different froma simple proprtional mixing of sea water and the thermal water of
calcium sulfate type.In the process of the intrusion, the composition of sea water
changes to CaCl, type by the following reactions between sea water and minerals in
the strata.

(1) Decrease of potassium, sodium, and magnesium ions, and increase of calcium ion.
Ion exchange effects by minerals play an important role in the reaction.

(2) Deposit of calcium sulfate (anhydrite): Calcium sulfate is formed by the reaction
between sulfate ion of sea water and calcium ion separated from the minerals. The
reaction is deduced from the analysis of ion product, (Ca®")(SO%7) in sea and thermal
water.
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BEIE37 (1904) fEICHREAERBATIC & > TIThNL2ALESITY P EREDLDTH B,
Table I, A~DIZmd & 912, HBZRIEIZ43~60C, EERTIIEA 4> TlEANLe 74
(262.4~327.5mg, liter), B&A + > TIIHEEA 4+ > (829.0~1014mg/liter) TH -7z, 721
FA 4 1368.5~91.28mg,liter EFREEA A L TF L < A<, REIZMTIE 2 FiFiE R T
Hotz., ZOBBI6 (1931) FOFIED B 525, FERTICELDEED D 5 H R AR

Table I Analytical Results of Thermal Springs in Toi Spa
Nifia of 1 2 3 4 5 6
—— A B G D E San- | Naka- Mizg- Mi.znugu- Yamano-
myaku | mura |guchi |chibora|kami
Date of analysis 1904 1904 1904 1904 1931 1969 1969 1969 1969 1969 1969
Analyst I I I I I I il I I il il
Temp. C 50.0 55.0 60.0 | 43.0 52.2 || 33.0 | 58.1 61.0 | 56.1 56.0 | 53.6
pH 7.5 6.75 7.25 7.95 7.65 8.40 7.85
E. R. (mg/liter) 1370 1620 1690 1410 1310 3206 4953 5221 8769 2042 | 10570
Na n 136.0 | 150.3 | 169.95 | 138.51 | 134.3 352 580 560 890 200 1610
K* n 7.9 9.9 6.57 5x15 2.4 3.0 5.0 4.5 6.0 3.0 9.5
Ca?* n 262.4 | 327.5 |323.6 |266.7 | 234.3 |/657.3 1027 1052 1364 | 439.6 1808
Mg** I 18.8 || 23.42 4.22 8.96| 11.71 5.85 | 88.10
Fe®* 2.8 0.2 0.60 0.70 0.93 1.33 1.27 1.36
Cl™ 68.5 74.7 | 91.28| 73.05]| 182.5 || 1283 1966 1952 2931 | 316.3 5193
Br™ 9.38 17.10
SOi~ 829 1008 1014 | 833.0 | 659.7 ||539.1 888.0 | 966.2 |902.8 |950.6 |893.8
HCO7 6.06 4.87| 31.2 || 34.24 | 22.82| 24.73| 24.73 | 31.07 | 34.24
H,Si0, 50.6 53.2 | 50.78 | 42.47 | 45.70| 39.0 56.0 53.0 | 47.0 61.0 | 45.0
Chemical
S S S S S ¢ G G € S C
characteristics
Well depth (m) 101 404 316 405 600
Amount of Flow(liter/m) 28.8 1500 300 250 240 200
Remerks N N N N N P P P B p P

I : National Hygienic Institute,

S : Sulfate spring, C : Calcium chloride spring

N : Naturally issuing,

P . Pumped up

IT : Authors, E.R. : Evaporated residue




136 THEROFE LR EFROEIRIC DWW T

BIERTH D HIIEDL) AR,

BEAN44(1969) I EE DD 24T % - 2RI, $ERD b RKBICEA LT T3 HiER N0 1)
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IS HNEEIIREE0m (ILOMIER, No.6), KA EFEZLIRER®N2)2 5D % < 1500
liter /min I3 L Tz, FFERVGAE Fig. 1R, KOHEIER (No.5) 3L V&b
HWALEICH B,

2 . Sanmyaku 3 . Nakamura 4 : Mizuguchi

5 . Mizuguchi-bora 6 . Yamanokami

Fig 1 Distribution of Thermal Springs in Toi Spa

LB T DAERIZ Table TIZ/RT L H12, KO (No.5) 2o 5 FRED, A A2 £
By 7 )V 7 2(657.3~1808mg, liter), BE A 4 > NDEERFIER A 4 > (1283~5193mg,liter)
T, REZECTIIR(CaCLR)ICET 2., 2 KOFENZIZEEA > DRI A7 { (316.3
mgliter), REIIWEIERTH 5,

ARDOTIBIRRIT, BRFHIED 2 CIZBEOKOTERICALND & ) LHREER S 4 7D
LDTH - T, BAERA LT TR IRRKDOKEBS 1L, WEEERICHEKIFBAL TEKREI D
DEEZLNDT 2L, WADZOEFRAL ZKIETE VT &3, (LEEBRH A £ R
STWERIEDPLHLPTH- T, FCELVWEE L TUIEILEIERIZCa>Na, Ca>Mg 28H 1T
515,

FEITIRBIRROWEAKMBER Y T3, MK HE 2887 5 Iic Naf Kt Mg2t7 & 25HIg 1o g
B, b TCCEDHEHRT S L) A A > RBREHNET S 2 & 2k~ 7ps, LIEERTL
[ U 2 AVvC, BKBEABRETEN L ) RMT ORI H 5 H 2t L7,

* ZHUZDOWTIE, Nod, BLU6 7 Br,/Clla 3.2, 3.29X10-3 T, #EKMN3.4X10-3|23F V2 EAs
BHEThErNEEZLND.
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FEATIRIZ AT SRR L TH 2N T, I TIREASIT 285, B BELREE LT
(1) HKBEABECEEA £ 2V I3HE & ORICREREL L EATEA L LD ET S,
(2) BERAEFTWBIERE (Table I, No1~6) KiE, “4&DER’ r#Eko “Ho% k
NEBLDETH, (3) “bEDER YRTEERDOHBER A 7DL DT, #OiLSM
FEHARBHEOESR L L, Table INDA~ERREOFHME* HT2. T4bb, K 6.384,
Na*: 145.8,Ca?+: 282.9, Mg®*:18.8, CI:98.01, SO% 868.4, HCO3 : 14.04mg,/liter Th 3,
INLDREED EIC, FOWMEA A 2HEL LT, FERY L EDER” r#KkEDH
MRS TH D & L% LIHANDKT Naf Ca% Mg% S04 HCOr &BEREIEL (FHEMlM),
INEERNERME (M) EnEERD, EAKBRABRTEDORS IR S - 720 2 BRI
TS 5. EREME (M) BXUREE (M) % Table ILICRET,

WP ZDFE FEALZETIUE, EEME (M) SHEME (M) BHELWiZOTH 25,
Table IDFERIBMEHIFL K BV EEZRL TS, ERDICOWCERME X SFEBOBGR 2

Table II Analytical and Calculated Values of Main Components

Nat K+ Gt
S‘;;;“g M M ANa=M—M’ M i AK=M-M M M’ ACa=M-M'
mg/liter | mg/liter | mg/liter | mg.eq/liter | mg/liter | mg/liter | mg/liter | mg.eq/liter | mg/liter | mg/liter | mg/liter | mg.eq/liter
1 352 795.3 —443.3 —19.28 3.0 29.82 | —26.82 —0.686 657.3 290.2 | + 367.1 +18.32
2 580 1171 | —590.7 —25.68 5.0 43.36 | —38.36 —0.981 1027 294.5 | + 732.5 +36.55
3 560 1163 —603 —26.22 4.5 43.08 | —38.58 —0.987 1052 204.4 | + 757.6 +37.80
4 890 1700 —810 —35.22 6.0 62.46 | —56.46 —1.444 1364 300.5 | +1063.5 +53.07
5 200 265.5 —65.49 - 2.8 3.0 10.70 | — 7.70 —0.197 438.6 284.3 | + 155.3 + 7.75
6 1610 2941 —1330 —57.85 9.5 107.3 —97.80 —2:50 1808 314.5 | +1493.5 +74.53
Mg+ SO~ HCO
S";L“g M M AMg=M—M' M M ASO=M—-M’ M M AHCO,=M-M’
mg/liter |mg/liter |mg/liter | mg.eq/liter |mg/liter |mg/liter |mg/liter | mg.eq/liter |mg/liter |mg/liter |mg/liter | mg.eq/liter
1 23.42 99.16 | — 75.74 = 6.23 539.1 983.4 | —444.3 —9.250 34.24 21.94 +12.30 +0.202
2 4.22 145.6 —141.4 —11.63 888.0 1049.6 | —161.6 —3.362 22.82 26.51 - 3.69 —0.061
3 8.96 144.6 —135.6 —11:15 966.2 1047.8 | — 81.6 —1.702 24.73 26.42 - 1.69 —0.028
4 11.71 211.1 —199.4 —16.40 902.8 1143 —240.2 —5.007 24.73 32.95 - 8.22 —0.135
5 5.85 33.61 [— 27.6 =228 950.6 889.9 | + 60.7 +1.262 31.07 15.50 —15.57 —0.255
6 88.10 364.7 —276.6 —22.75 893.8 1275.3 | —381.5 —7.942 34.24 48.06 = 3.82 —0.226
M [ Determined value M’: Calculated value

ac (S—H)
e
100
acL . Mixing ratio (%) calculated by using Cl -content
S : Content of Na; K,*Ca%'SO% or HCO7 in sea water

H ! Content of above components in original thermal water

M’:

Chemical composition of original thermal water : Kt 6.384; Na; 145.8;
Caz,+ 282.9; Mgz;" 18.8; Cl; 98.01; SO% 868.4; HCOs, 14.04 (mg/liter)
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Fig 2 Relationship between Detw Determined and Calculated Value
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Fig 3 Relationship between Determined and Calculated Value
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KEABET, WL (BE) LA+ 8 Q&) LA 4> ECHENTHLZ Liz—
DA I > ZWBPORIEHI R > T I EE2RTINTHA ) (Tablelll),

— A A > DB DONT AL &, Table IIISHRT £ 912, HCO; D ZEAbIZ —0.226~ +0.202
mg, eq.liter & IEEA)/INE vps, SO5713+1.262~+9.25mg, eqliter & K& <, »DNo.5 * [
C WP ERT ORI TH 5.

mg-eq/!
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Decreased cation

25 ¢

L 1 L
0 25 50 T5 mg-eq/!
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Number indicates spring No.

Fig 4 Relationship between Increased Cation (Ca )and Decreased Cation (K, Na, Mg )
in the Process of the Intrusion of Sea Water

Table I Increased Cation and Decreased Cation in
the Process of the Intrusion of Sea Water

Spring Increased cation Decreased cation
No. ACa (mg, eq/liter) AK+ANa+AMg (mg, eq/liter)
1 18.32 26.20
2 36.55 38.29
3 37.80 38.36
4 53.77 53.06
5 705 5.327
6 74.53 83.10
4. % %=

FHEE R IR ETR L 72 & I #EkE ABE TKS Nat Mgt oiid & Ca** o, B L UrS0§”
DT ED CaCly 7 4 7OBALEERITERE N EEZ LN,
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B, 72 Ca? OBEEIZIZI RSB L, ZORDIREDERICITHBN A > s EER
LTwWwaZEE#HmELL.

FOREH I RIS H B Na—Ca—Cl BHER ORI & LT, #K L ZILERE D BOKKIED
BELT, ZOBDERIPTRENSE Z 2R TWE, BKROFEGE L TZ(1DMg* n EE,
Ca*K'misi, (2) BEAEOTRE, (3) WL E L ifEENRIT, 4) TAh ) &B/AA>D
A AR BE DT TS, 72k 21F, TERKEBRIZEA: Na—Cl 74 7OIERTH 55, K
B8z LT, TNdEKRY EOKILT 2B T, CaZfCl;y K'o¥hn, MgitS0%, Nat HCOj3
DWPHATONI E L, % OZACITIAK & B & AR CAIEMR L7220 Th B LT
5., $ebb, BHEBETHIBYEROEAVELHEIZL) 7o T4 MEL, RHEARZEER
A, SFELEERTAILL ThwbZ e En s, DEORGEZMEL 72.F 2 8KFH 7D Na, K

Mg?*+Ca?™ Silicate=Ca®"+Mg*" —silicate—(1)
2 Na"+Ca®**—silicate=Ca® + 2 Na—silicate———(2)
oz, HRA, 7VEA, YVERBFOEMEETOENL ) LGB EN TS
&, EIRICZ 5138 K Na lbhHKd 24EmEICH 5.
Na*+ K — (feldspar, mica)=K™ Na— (feldspar, mica) —(3)
TROEAZ, AP EATLIBEBRTOENL ) ARG RI -2 LIk 5,

Nat+K*+Mg?* + E5a—>Ca? + BHILY—4)

ZOBORIGIE, BESET, KIGIKSHO» 5 EANEHRL EICL->THrENE) oL FH
ENns, $ubb, TH &ti%%meé&ide#%L<§ﬁw,%%ﬁﬁﬁ?%éﬁ?
»5b, 72 2IF K Na k[: Ca/ Mgt bbb L, TERENHEDNLIELD LIZERICKENL, 2D
ZEIFBKEEAEDRIETHE ) BB TE VIRETHEITL TWbZ - 2RET 5,

K% Naj Mg 7sHiBICEE S, Ca® 7 iEHT 2603, WM T KDOEAEISR Y R KE
X T B HKDBAB DBRIC LD LN TE Y, FHNHIFRERWSLHFFS TZ DD G % Hg
DORELIM LB LD EEZ T D,

ULE&tCS#B,i%ﬁ%nﬁﬁéﬁmﬁkﬁﬁT@KtNﬂh@“@ﬁ&,%ﬁm%m
%, WKEEAEDPHENERTLVRETCERALLEREEZLNS, ZOZ LITXICTHENS
CaSONDEBEIG & b ENLEFREAL TS

KR ABFE T CI e SO m&EFE D E U7 5| i THERTIXCl EE ML LT S0
WL %< TidZ b7cvy, &2 AP Table Tic/md k912, No2, 3, 4, 6 DFERTIRCIH
HEAKDBAIZIE L T1966~5193mg,liter NHFHTEILL TWw b dizkt L, SO5713888~966.2
mg,liter X 1IF—EBEZRT. 2D ERZBKOBAICEL TCIIIMINT 25 S0 132 &
U THEMEE L AIEPr DG NET LI EE2RTINTH D

ZOREE L TIE CaSO, DR &, HBHFDMAEM L 5 SO D5 fEHE 286 1151855 T
BRIFAK SO 2EERT ETIERTHIOTHREDRIGIZE 212 L, T2 TIHEIEEIZD
WITRRET 2 A B,

CaSOLCIZEmAIE (BEEE), FKIE (SYF 4 +), ZKkiE (FE) OZBE»H ), K

IFTOKIE, SR TIENKIE, EAESELE SN TS, BRI THT o lcrixg e ¢
K, BRERO BRI TEALE S TR E N T LA EPE N TS

* FIDIREORM 2% 2 2 213, LFEEHOIGHAFI WL L Tambs5n T3
* PREREIENTUE2ERETIEyBREFINVEHRTLEE2 515, BHLILEEDA + >
THAERICDWTIE, £ | B SHES, 67, 249 (1961), =M,
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TRERDOHE S < BRIV LU, No5IERD —400 mic 513 2 FLEIEEIZ66°C L REZ N
Tw5DT, MTTR AT A NRBEABESEERE LD L L FREINDG, FRETIZEHOIC &
NIRENLEAE IO WTOAA L EELERERE & DBIR X 2 F AL TCaSO, DR % L 7.
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Fig 5 Relationship between lonic Strength and (C4") (SO*’)
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T 6 FRIZDOWT Table T4 %5 (Ca?™) (SOF) BLUA A EI 2518 L, V/ 1./
(1+1.5/ 1) icx9 2 (Ca®?") (SO ) iz 7wy b$5 &, Fig, 510RTLIIcNo2~ 6
DE5IFRITB L F60CHHE EHEEI N L ER ICES TS, Bl Lz L 512, 400 mEDILEER
FEIZ66CTH DI EH 5, CaSODHHPHRI - T B EED EREH400m Bif%, EE 1007 L
TEHEEIND, ZHZ EiF, WRKEEREDIEIC L - TKY, Nal Mg % & Ca® DiE
AR ZIEELHNR L 2BATRIEIEEHRICEL TV W E W HE L —ET 5,
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(4) FTEKEERD Na—Ca—Cl ¥ A 7OERD LR & O LERE»MThbi, S (3’
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X L2

1) R, lshizu. “The Mineral Springs of Japan” Sankyo Kabushiki-kaisha, Tokyo, 1915, Part II,

P. 82

) AR REBRAER, BASLRSNER, $12%, 1912, P. 109 110

) L, #54%, 1940, P. 109

) HEIAE A by, 18, 90 (1972)

) ZEfEIEH : HAL, 81, 903 (1960)

) HOR iR RAFSERT | pE EA IR BRI A RS, (1975)

) 252, HESHEME, HPE D BARRRESETRIASHEER (REREE, 25, 117 (1974))

) KRBHE, EMIRE D kI, 17, 123 (1972)

) FINEEZ D REEE, 20, 100 (1969)

) EFE L R, 45, 145 (1975) ,

) HEEEA M, Nol7, 53 (1968), 9, No.3, 15 (1972)

) HLEEACHE ¢ R AR, 18, 383 (1967)

) EEIEH, FIEA, LHRTE BRI, 3, 9 (1965); =AEIEM D wFHAHK, 18, 311

(1962)

) BINEEZ C wbERpEE, 9, 95 (1954)

15) HINHKE, FEBK, BALFT | koRIERFAENRSRE, 15, 6 (1964)

) R. Revelle : Trans. Amer. Geophys. Union., 22, 593 (1941)

17) H.L.Bames ‘“Geochemistry of Hydrothermal Ore Deposits; Holt, Reinhart and Winston
Inc.,, New York, 1967, P. 417

18) IWTFFE=FF, Ko BIBRAEMESRE, 27, 74 (1973)

19) TAEET#%454, TARIERIES < &BRE (1970)

20) =ANIR ARSI R, MFEHE, Nod, 17 (1974)

2
3
4
5
6
7
8
9

—_

0

12

—_
w





