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Abstract

Many thermal springs of chloride dominant type are located in the coastal area of the Izu
Peninsula. In recent years, isotopic and chemical data have shown that the thermal waters
of this type are derived from the mixture of local meteoric water and sea water.

This paper deals with the chemical equilibrium reactions which occur in subsurface sys-
tem of the coastal area. Hydrothermal equilibria are estimated by plotting the relationship
between am”*/afi+ ratio, and subsurface temperature on the equilibrium curves for the hy-
drolysis of rock forming minerals reported by Kajiwara. am”* shows activity of K+ Na*, Ca?*,
or Mg?+, an* activity of hydrogen ion, and n electronic charge, respectively. Activity of cati-
on is calculated by the Davies equation [1]. Hydrogen ion activity can be calculated by the
equation [2] or [5] on the assumption that thermal waters in subsurface system are in equi-
librium with calcite or calcite and anhydrite.

Hydrothemal equilibria in subsurface system are examined by analyzing 23 thermal
waters. The conclusion drawn from these analyses is that K+, Na+, Ca?*, and Mg?* are closely
connected with several equilibria of rock-forming minerals such as K-mica, quartz, mont-
morillonite, kaolinite, K-feldspar, albite, anorthite, and chlorite.
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Fig. 1 Location of hot springs in lzu Peninsula
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(1) 3(K-feldspar) + 2H* = (K-mica) + 6(quartz) + 2K+

(2) 2(K-mica) + 2H* + 3H,O = 3(kaolinite) + 2K+

(3)  6(montmorillonite(K)) + 2H* + 7H,O = 7(kaolinite) + 8(quartz) + 2K+
(4) 7(K-feldspar) + 6H* = 3(montmorillonite(K)) + 10(quartz) + 6K+

(5) 7(K-mica) + 12(quartz) + 4H* = 9(montmorillonite(K)) + 4K+

Temp.

Logarithm of the ratio of activity of K+ to that of H* vs. subsurface temperature
of thermal water. Open circle shows sea water at present. Equilibrium curves are
cited from Kajiwara’s report (1973).

Na - System pH (D 10 Na - System pH (@

Fig. 3

1 1 Il
100 200 300°C 100 200 300 °C
Temp. Temp.
(6) 2(albite) + 2H* + H,O = (kaolinite) + 4(quartz) + 2Na*
(7) T7(albite) + 6H* = 3(montmorillonite(Na)) + 10(quartz) + 6Na*
(8) 6(montmorillonite(Na)) + 2H+ + 7H,O = 7(kaolinite) + 8(quartz) + 2Na*
(9) 2(analcime) + 2H* = (kaolinite) + 2(quartz) + 2Na* + H,O
(10) 7(analcime) + 6H* = 3(montmorillonite(Na)) + 3(quartz) + 6Na+ + 7H,O

Logarithm of the ratio of activity of Na+ to that of H* vs. subsurface temper-
ature of thermal water. Open circle shows sea water at present. Epuilibrium curves
are cited from Kajiwara’s report (1973).
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ca - System pH @ Ca - System pH (@
~~~~~ log fcozz-s ____‘Og feo =-g
“““““ (14) TeSE--2(14)
__logfeo, =~ A <23 __log fecop=-4
ThersT=2(14) % ThRef o= (14)
e 3.5 g ==35
Rl (5 —--S2ae)
log feo,=-p —__10g feop=-p
“““ S-- (4 —m==2- 4
S I L e i - =0
““““ (14) ====== (14)
\ (i 2) \ (”)(IZ)
| 1 AN ! 6 | ! AY N
100 200 300°¢ 100 200 300 °C
Temp. Temp.

(anorthite) + 2H* + H,O = (kaolinite) + Ca?+*

7(anorthite) + 8(quartz) + 12H* = 6(montmorillonite(Ca)) + 6Ca2+
6(montmorillonite(Ca)) + 2H* + 7H,O = 7(kaolinite) + 8(quartz) + Ca?*
(calcite) + 2H+ = Ca?+ + H,O + CO.

Fig. 4 Logarithm of the ratio of activity of Ca2+ to that of H* vs. subsurface temper-
ature of thermal water. Open circle shows sea water at present. Equilibrium curves
are cited from Kajiwara's report (1973).
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Temp. Temp.

(forsterite) + 2H+* = (clinoenstatite) + Mg2+ + H,O

2(forsterite) + 2H* + H,O = (chrysotile) + Mg?+*

2(chrysotile) + 6H* = (talc) + 3Mg?+ + 6H,0

(talc) + 6H* = 4(quartz) + 3Mg?+ + 6H,O

(Chlorite) + 10H* = (kaolinite) + (quartz) + 5Mg?+ + 7H.O

4(Chlorite) 4+ 34H* = (talc) + 4(kaolinite) + 17Mg?+ + 24H,0

7(Chlorite) + (quartz) + 68H* = 6(montmorillonite(Mg)) + 34Mg?* + 54H,0
6(montmorilloniteMg)) + 2H* + 7H,O = 7(kaolinite) + 8(quartz) + Mg?+
(brucite) + 2H* = Mg?* + 2H,0

Fig. 5 Logarithm of the ratio of activity of Mg?+ to that of H* vs. subsurface temper-

ature of thermal water. Open circle shows sea water at present. Equilibrium curves
are cited from Kajiwara’s report (1973).
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6(montmorillonite(Ca)) + 2H* + 7H,O = 7(kaolinite) + 8(quartz) + Ca2* 13)
PIROLIFENZ L2 ), ZoMIIETHE»E S, REOIR L 72 B8RS 3w A 3 B 5§
LM HRIT TS TH B,

20 BA # > o Activity mEtE
AENSR E L7RRAKD A & > REIIRE0.61CF T 5 2 k4 5, Davies R0 2 HTiEE
rEtE L 72,

oo f— AN
log f= AZ? T 7T 0.21 (1)
CITIRERRE, AZBELrBENFERICL > TEF2EH, ZI13EN L34 A4
TH5,

% BAEIRFHOMBILN T2, 4R, ADREIC & - CIET 5 8% YREEL Tv
By, FREEIC BT BHBMED 2AGR,

(3) RS M TIREE

WHRERRRICE > T, L1 ODRRMTOBMEREICL > TEHRREL 2, WTIRE
F—iREI M & L CRE L3I BAT 525, HLRETEAMERMICR), ZALURTIE»
DOEWHTIZNTI—EMBERZ R Z EAEC, ZOLELRREREBIZRAFEE EATE(, RR
KEEAIFHEIREEZ R T 2DICHEN L WEFLREL TR EEZLNS,

AEETIIFEEBDMBRIRRICDONT, S REORE—ILEIRE DBIFRE K6 0-12.28-33) 7
LERLNTMEZ AW, FEROEE LIRE % Table 1 1I2/RL 72, KR & 70 > THALDR
BT 5854, LM E RIS KB T 2 IR RBOIRE L L TRFEROILEREEZ—DNDH
wELTEN ST,

@) WTORRKNDKRAAER (au*) OEFEE

T DIERAKD ap* IZBITICHHCEBELETH 29, ZN2FEUT LI LEVEDE AT
HETH B, Bl iEh > T Wison® 27 4 T4 4 N7 7I)LT 4 HEHIISIC 51T 2 BOKDOHT
12517 % pHE%20CIC BT 5 pH DERME (8.4K%109.4) &, WKk pH 7 B EE{bH 5
F26. 6 U8.0EHEL 2, AMIZHTDIERKD pH 25HET 2 DI, #HARL2 KUK L 2Y
AR R B WR TRARFEIC L o2, ZOHFFERMTOEKE 7L A PUI ALY A+ +
A E O TFHERE2FET HEHET, BkEANLTA P EFECH S & EIRA2 5T
an* HHETE L, T8l pHO® & L TTable 2 i27RL 72,

G = % - fea* + fucos + (Ca2+) (HCO;3) (2)

s _ [H) - fur - (COST) - feoi™
7z72L, Ke= (HCOT) - fucor (3]

K. = (Ca?*) - fea2+ - (CO5T) - Jeoz- (4)
FldiEEfR%, ()i mol/liter TH 5,

WTFDBRD AN A 2T T {EAE»RFYT 2 FHEKETIE pH AKX I VEFETE S,
Table 2 25t fE* pH©@ & L TRL 7,
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Table 2 Observed pH at orifice and calculated pH at subsurface condition

pHD :

pH® :

HEESE

O

Sample’s Obs Calcuated
No. pH pHD pH®
1 8.3 6.36 7.34
2 8.2 6.70 TRy
3 8.3 6.55 715
4 7.2 6.19 7.19
5 7 :2 4.40 6.98
6 8.6 7.00 7.62
7 8.6 7.15 7.61
8 735 6.52 7.71
9 Yol 7.13 7.05
10 T 5.65 6.62
11 727! 5.84 6.21
12 7.4 6.18 6.64
13 8.0 6.11 6.85
14 75 6.73 6.89
15 8.7 6.46 6.48
16 7.6 6.69 6.27
17 7.8 5. 55 6.50
18 7.9 5.61 6.43
19 7:5 6.72 7.17
20 7.6 6.31 7.18
21 7.4 6.47 7.25
22 7.7 7.0 7.42
23 7:9 6.52 7.24

i SRR

pH is calculated from the equation [2] on the assumption that thermal waters in subsurface
system are in equilibrium with calcite.
pH is calculated from the equation [5] on the assumption that thermal waters in subsurface
system are in equilibrium with calcite and anhydrite.
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pH = log KKKZ — log (HCO5) - fico; — log (SOIJ - fsoz- 8

72750,  Ko=(Ca®) - feiz+ - (SO}) - foo- (6)

K., Kc, Ka 7 &3 Table 3 12/R L 72{E2 # w72, 72 (Ca?+), (HCO;3), (SO%-) (3xuz:
THEIL ZIRRICOWTHOGEZ W2, Lzd - T, MTOERMETTRILL ZERD
NERTBEREDLL LW EREL TRHE2ITE - 72,

Table 2 22 5 % { D4

Obs, pH > pH® > pH®D
DR FED b1 5,

SRR ELZIBRO LT, B, mEE, B, 1 5E, THEELECOEBERTIIAIK
AR LY, BHEHD (ER) B0, FICRBEIELY, AKRECE ALY, P ET T
IHA F o FEHErH), g FETIIEELTHILTA L, BINTIEIT 7234 THEEN
939 A BHAE, B, AE-E, ER, LELECOEBRTIIBE A 7ICITRIKEIMFEL T
Wi, RZLIEEHDaTHRIZIE AT A ME, BERICASLILD &),

DERBAENOMBETH 55, BR0~60C & V- RETIIABENDHAVLEEEZ LI, B
FEZENDDTLZEHEMEIDN 2 THD, LerLEdb, GRS E L CRREKICDOW
T, WA & BT E L 7208 (LT Ca-SOy 5 E L 14s) % Marshall and Slusher o) 7 f#
FE— A A > BB —REREER o7 oy b L (Fig6), Ca-SO48EE & T IR & OR% % &
&, Fig7iamL 2L ) ITIZIZENMHBEBEFRE R T Z LB LE, T2 h b, ARET
T OERAKD ant R ET2EEHINTA FZTTEL AN A P +HEABEOFHE2EEL »
WA P IETOFS LEME L 22 ant # W 2A& % pHO, A4 A b+ BEEE DTS HET
Bl7zaw* ZHWEAE2pHO &L TRELRIT- 2,

Table 3 Equilibrium constants for carbonate and sulfate reactions in aqueous solution

pk
25C 100C 150°C
(1) CaCOs = Ca?* + CO?"Kc = (Ca?*) (COZ-) §.37 9.39  10.25 (b)
(2) COs + HyO = HyCOs Kp = —o2C0s) 1.46 1.9 2.07 (a)
BCO,
o . (HY) (HCOY)
(8) H:COs = Hr + HOO5 Ky == somotd 6.35 6.45  6.77 (a)
} _ (H+) (CO%7)
— TI8 2 _
(4) HCO; = H* + CO K, s 10.33 10.12  10.37 (a)
(5) CaSO, = Ca?* + SQO% Ka = (Ca?*) (SO;7) 4.70 5.63 6.35 (b)

pk = —log K
(a) Helgeson H. C., J. Phy. Chem,, 71,3121 (1967)
(b) Helgeson H. C., Amer. J. Sci., 267,729 (1969)
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BRATHESR & B

AN A N DBDFHGH LEEE N A A ek, pHO & 2 v A b+ BE OV 5
HEanEat, pHQ % Tabled I2m L7z, 2 EEOMGIC 7o v b L7z o Fig 2
~5Th5b, UTEHNTE L,

K:pHO DAY A P DADPlgh L EE Nz an ZHWRHAE, Fig2 EIRT ki,
7ay b0 T EOTEES S L IETH, Nol, 3, 8, 9, 14, 15, 167 & H(5): ¥4y
IBIC R WiLEIC 78 v F 25 5,

7(K-mica) + 12(quartz) + 4H* = 9(montmorillonite(K)) + 4K+ (5)
pH@ DA N4 A b +FEEE OFih St H & 7z ant 2 AW2354(03, Fig2 HIcmd & &: 7
Oy MEEEEc BIcBEIT 20T, K2BRT 501 )~( JE O SIG D ) B & Nh DRI
WLEIC 7Ry b B, B TLE)RD T IGICIEWALEIZC 57 7 ]‘75‘3&‘%)%175‘57“

Na:pHO® 0413 Fig3, FIZRL72E ) Ic@)RDOFHHHISECMET S 72 v A %,

6(montmoril lomte(Na)) + 2H+ + 7(kaolinite) + 8(quartz) + 2Na+* (8)
pH@ D34 f%)( 8D FHM I MLET 2 79 v b2 FE A, Nol, 17, 18D L ) ICHIT D
U JE 25 8 W A2 12 (6) K o Al RS

2(albite) + 2H+ + H,0 = (kaolinite) + 2Na* (6)

L ET S 7ay bbAabs (Fig3, ),

Ca pH® o4, T DEREH B & 2100C LLTF OEIR TR0 PRI MR IC IR WALEI < 5
7ay bh e (Figd, k),

6(montmorillonite(Ca)) + 2H* + 7H,O = 7(kaolinite) + 8(quartz) + Ca?* (13
HT DRELEWV & EZOROFEHHGITE LB 72y 27 5,
(anorthite) + 2H* + H,O = (kaolinite) + Ca?+ (11)

pH®@ 3413 (1) 12 () KOs o E r Bk s L ick b (Figd, H),
7(anorthite) + 8(quartz) + 12H* = 6(montmorillonite(Ca)) + 6Ca2* (12)
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Table 4 lon Activity ratio (log am”*/aZ)
Sample’s log ak*/au* log ang*/an* log acs?*/a%u* log amg?*/a%u*
it pHO pH® | pH® pH® | pHO pH® | pHO pHO
1 3.8 4.8 5.2 6.2 10.9 12.9 8.7 10.7
2 4.5 5.0 6.2 6.7 10.9 11.8 115 12.4
3 3.8 4.4 5.2 5.8 11.0 12.2 8.7 9.9
4 3.1 4.1 570 6.0 10.8 12.8 9zl 11.0
b 3:3 329 54 6.0 10.8 11¥:9 10.1 11.3
6 3.2 3.8 552 5.8 12.0 13:2 10.6 11.8
7 3.1 3.5 5.2 Bi 12.2 1371 11.0 11.8
8 i) 4.2 55b 642 11.2 1225 10.7 12.0
9 4.1 4.0 5.9 5:9 120 11.8 124 12.0
10 2.6 3.5 4.2 5&l 8.8 10.7 7.6 9.6
11 2.9 3.3 4.7 5.0 9.3 10.0 9.0 9.8
12 3.0 3.5 4.6 54l 9.4 10.3 8.2 9.2
13 3+3 4.0 4.8 5.6 9.9 11.4 8.3 9.8
14 3.6 3.8 533 56 1029 11 22 9.5 9.8
15 3.4 3.4 4.8 4.9 9.9 10.0 9.2 9.3
16 3.b 31 4.9 4.5 10.0 952 9.6 8.7
17 32 4.2 4.6 5.6 9i3 1121 6.8 8.7
18 342 4.0 4.6 5.4 9.3 1029 7.0 8.7
19 33l 3:5 535 5.9 117 12.6 10.4 11.3
20 3l 359 5.1 6.0 11.9 12.6 9.7 11.5
21 302 4.0 5.5 6.2 11.2 12.8 9.4 11.0
22 2.8 3.5 b:2 5.9 1174 12.9 9.6 11.0
23 2.8 345 5.2 5.9 11.1 12.6 10.0 11.5

pH® : au* is calculated from the equation [2] on the assumption that thermal waters in subsurface
system are in equilibrium with calcite.

pH® : au* is calculated from the equation [5] on the assumption that thermal waters in subsurface

system are in equilibrium with calcite and anhydrite.
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9IIPAYUER pUB 9}10[BD UM WNUQIMDa Ul ST Wa)SAS 90BLINSNS Ul I9jem [ewIoy] Jey] uondwmsse oy} uo [G] uorenbs a3 Aq pajemored st . He ; (@ Hd

"9310[BD YIIM WNLIGIMDD UI ST WSISAS 90BJINSNS UI Iojem [ewIoy] Jey) uondwmsse ayj uo [z] uonenba oy3 £q pajemoreo s .He : (DHd

+8IN + (Z31enb)g + (unoey), = OfHL + +He + (SR uo[uouuoung (gz)

k. OHYS + +z3INFE + ((BN)2uo[LIowjuow)g = . g9 + (211enb) + (31110[4)), (12) -
S T OH¥Z + +z3NLT + (SITuroes)y + (9[e1) = +HyE + (I0[YD)y (02)
O%HL + +z8ING + (2318nD) + (S11ur0ey) = .HOT + (S110[D) (61)
BT FPTTT'8°G'C|  +¢BD + (z31END)g + (S3Muoey)/, = O*HL + +Hz + ((BD)23MUO[[LIOWIUOUN)g (£]) wosAs
ST LT 7'E'T +2809 + ((eD)eyuofLowuow)g = +Hz T + (zHenb)g + (euypoue), (Z1)| €D 19eM
22 T2 ST'ET 2T 019 ¥ +2B) + (duroey) = O¢H + +Hg + (9IYIIoue) (11) [euLoy}
8T ‘LT'T +BNZ + (231enb)y + (9qurjoey) = O?H + +Hz + ((Nq[E)Z (9) - ARe
2¢'T2'ST'ST 21 '01'7'¢| +BNZ + (z31enb)g + (nunoe), = OHL + +Hz + ((BN)sHuo[uounuowg (§) e
ST LT €T g 4 (z3renb)g + (eymunoes)), = OH. + +Hg + ((3p)euofuounjuour)g (¢ ) ©@nd
STLT €T 3z + (duroey)g = OHE + +He + (edr-31)z (Z)
ezt g + (211Enb)g + (BOMW-Y) = +HZ + (1BdSpRI-M)E (1) Pl
ST LT ¥ S 39 + (z31enb)QT + ((3)Ruo[UOMUOUNE = +H9 + (fedspRi-3). (¥)
1202 ‘8T ‘ST FT €T 01 ‘6°9°G SIF + ((DLuouounuow)s = +Hy + (21enb)zT + (Bdru-y))/, (G)
Z O®HL + +z8ING + (231enD) + (anuroey) = HOT + (911014D) (61)
€26 FI 218GV CT O*H9 + +8INE + (z31enb)y = .19 + (9re3) 8T)| SN
€2'22'12°02 VT ‘€T ‘T '6 '8 ‘L9 ‘G| +z8IN + (z11Enb)g + (enunoey), = OH. + +Hg + ((SJA)uo[uouuouwn)g (zz) wia)sAs
8T LT 91 ‘ST ‘€ +28) + (eNUIoeY) = O*H + +Hg + (SIYIouL) (T71) o e e
€222 ‘T2 '6T PT'ST'TT1'L'9'C| +:BO + (Z3renb)g + (3yumoey), = OHL + +Hz + ((BD)dHuo[Lour;uow)g (1) ey
8T°LT'9T ‘ST ‘ST ‘21 ‘01 '€ ‘2 ‘1| +ENZ + (ZEnb)g + (SquIoes), = OPHL + +Hg + ((BN)eImoquounuoung (8)| BN SARE0
4 +319 + (237ENb)QT + ((3])eHuo[UoWIUOW)E = +H9 + (TedSplef-3)L () @Hd
A +3Z + (z3renb)g + (eqrunoey), = OH. + +Hz + (()enuoquounuown)g (¢) bl
9T ST FT'6'8°C'T S+ ((D)Puopuotiuow)g = +Hy + (231enb)zT + (Bdrw-3)L (G)
UO0I}0BaI 3J9] 9Y3} 03 gaje[a1 ON so[dwes suoroR9y wnuqrmby JUSWIS[Y | - W9ISAG 90BLINSqNG

ainjesadwa) adeINsgns pue ?ﬂm\és_m 30]) ones AJAI3OR UOI UBBM]BQ SasAjeue 8y} WOJ} pajew}se suoijoeal wnuqiinby g s|qey
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Mg: pHD D44, Ca XEL & 5 IS FOEEA100C T OsaE (22) Ko Falisc i
WhEEIC 7y P S EF B (Figh, &),

6(montmorillonite(Mg)) + 2H*+ 7H,O = 7(kaolinite) + 8(quartz) + Mg?* 22)
mEPEC %5 & (18), (19) ADFHHHIZEL 72 v F L 5,

(talc) + 6H* = 4(quartz) + 3Mg?+ + 6H,0 19

(Chlorite) + 10H* = (kaolinite) + (quartz) + 5Mg?+ + 7H,0O (19

PH@ D412 71 v & kigic Bicf8h L, & L T chlorite #*B4%9 2 (19), (20), (21)
ROFAFHiIc I 7oy b2 B ki s (Figs, 4),
4(Chlorite) + 34H* = (talc) + 4(kaolinite) + 17Mg?+ + 24H,0 (20)
7(Chlorite) + (quartz) + 68H* = 6(montmorillonite(Mg)) + 34Mg?+ + 54H,0 @1

LI b fgfri 4 Table 5 IC—48F 5, # A | DADFHiH & 5HE & iz ant 2 Av 72 pH
On¥alz, (5), (8), (13), KU (22) X, ANV 4 F+HEAEDOFML LHEI N ant
AW PH@ D413 (5), (8), (11), (19) ~ (20) RTRE NS FHERIGH RN
b A A MO EE LR E L > Twb Z dvbh b, I EEaEHY, OFEEELTAS
7 513, K-mica (muscovite (3 sericite), quartz, montmorillonite, kaolinite, anorthite, chlorite,
tale & Vs ZEMEL H T LN L, Thbb, HILWROMA A > MBI I3 K EE
BaEHEzRL Wb EEZ LIS,

ISR DAL AR LI 2 D A A TIRER P EBRICER L T3 & v ) fedlig, 5+
TR TIEEF NS (FH), SRS (B4lE), ZEEY (FR, 84E) ICL - TThN, TokTiRkE
LES) MATER 53 Y, Ak B 53949 2 & D), feldspar, albite, montmorillonite, chlorite, 7 & @
EEILMOZE»FERS N TS, KEE, HHE >R UAKA Na-Ca-Cl B TH 5 D3, #&k
%K A H @ montmorillonite @ A & > ZHAEH TH 1) ), F 28K EBISEAL 22K R U
FIKPMEIE D B TlE, smectite & gypsum (2 & - THHZ NS & v ) BTV HIRIEO ST
5,

Lela & ) BT rz23lotE i Riz, Tableliz;rL72& 912, Nol, 4, 6, 7, 19~23i3Ca
>Na BT, HMTEEZRS110C, KE451350~93TC & MBHKIEN L DA E L, ZHUTHL T
Na>Ca %3, No.3, 10~18D & J ICHITIREA110~150C & HRN L DAL\, T LY
WOREI WK TH B T 5 &, HKk—amHEVER KR THEFT L 7235413 Ca>Na Y,
EIRTHATL 28413 Na>Ca R 2 KT 20 H 5 v 2 &), SEDMEIIE, K& AN
RS SLRED s A A U BELEEERL T b L WO RRER L2, BELOBFRT
Ab%bIE, HMTIERERE TR, Figd~5nERIC/RLAZ LI, Na, Ca, Mg izwini
montmorillonite FAAEIE T 2 ARICIEC 7o v b2 EF B, IR TIE, FlziENaiz>n»T
1%, Fig3, ARICRT & 9 ic albite 2°BifR§ 2 (6 ) AodificiE < 79 > F A< %5, Mg izD
Wl Figs, ARICRT L 9 I chlorite 2 BIfRT % (19) ~ (21) Ro##icE 7a v 274
2, T bbb, &L Tld montmorillonite $HAY, Eif Tl albite <° chlorite 7Bi% 95 = & 2~
LTw3,

Z OENTFEE, HTIRE X ORIRICEB VT, FERA £ v oK—amaEAER % BARITR
T2 LN TE D EICKEHL D 5, AR & ik — R HEER & DRER Z DT
EORMESIC OV TR THERT 5,
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F & ®

FEAEEEREHIB O RIC OV T, FEBA 4> EKFEA LT oiFRELE, HTRELD
BIRIC B\ OB A R R Bic 7 v b L, ZOMED S, D& % PG
DEEACR DB A A > U BIRA R W HEE 2 A2, Z kR, K-mica, feldspar, kaolinite,
anorthite, chlorite 7 & A IR $ 5 AT UGB A 4 > RO RIS EEICEKRL Tnwb Z &b
hrotr, ZOBHFEL, HTIRELOBRICBWT, TERA 4 > ok—SRMAEER%BRK
SR U192 SIS H 5,
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X B

) AT, mEARE, 22, 158 (1969)

2) S{EIEH, HAb, 81, 713, 719, 903 (1970)

) Matsubaya O, Sakai H., Kusachi I, and Satake H., Geochem. J., 7, 123 (1973)

4) KEFEE, EWHRE, ki, 17, 123 (1972)

5) KREHEEZ, FHE, EHRE, ki, 19, 139 (1975)

6) HEFRM, wrL REFE, 27, 134 (1976)

) i, HESFRME, HAPIE, ERTEREE 12, 8 (1977)
) Kanroji Y., J. Balneological Soc., Japan, 29, 76 (1978)
) HEESERLNE, HEE, BRI, 13, 160 (1979)
10)  H#EFRME, (EESET, HPE, H#, 15, 217 (1978)
) H SRR, HEWEE, ERTAAEE, 14, 88 (1980)
) R SAFTERT, R MRS AR, SRR B RS R T T IR R, (1979)

13) dcBrEE, TkoFtE, NHK 7w 7 A, 118~124 (1970)

14) iEHY), FHE, 45, No3, 145 (1975)

15) EESOW, WY, KREEM, Ak 300C, 1000bars 12 31 2 B, SCEBEFIAT
TR AITE (A) TKk— B aHAERICET 2 E LRI 7E, BESHBHESSE, 16~18
(1980)

16) Mottl M. J. and Holland H. D., Geochim, Cosmochim. Ata, 42, 1103 (1978)

) Helgeson H. C., Amer. J. Sci., 266, 129 (1968)

18) Brown P. R. L. and Ellis A. ], ibid, 269, 97 (1970)

) Helgeson H. C., Brown T. H. and Leeper R.H., THandbook of Theoretical Activity Diagrams ,

(1973), Freeman, Cooper and Company

20)  Kajiwara Y., Geochem. J., 7, 23 (1973)

21) Helgeson H. C., Amer. J. Sci., 267, 729 (1969)

22) Helgeson H. C., Delany J. M., Nesbitt H. W., and Bird D. K., Summary and critique of the ther-
modynamic properties of rock-forming minerals, Amer. J. Sci., Vol, 278-A, (1978)

23)  epARZEME, FEEME, HeRET, KRS, MRIERRERE, $2%, #H35, 121 (1971)

) OKi Y., Hirano T., and Suzuki T., Bull. Hot Spring Res. Inst. Kanagawa Pref. 8 81 (1977)

25) Kramer J. R., Geochim Cosmochim, Acta, 29, 921 (1965)

) Davies C. W., Mon Association ; (1962) Butterworth and Co. Ltd., London



#1347 (1984) FEAE DM HIBIC 54§ 2 MR OILAERK & kK 27

oo

7)
)
29)
)

)

32)

Krauskopf K. B. Mntroduction to Geochemistry ;, 75, (1976), McGraw-Hill (N. Y.)
Nakamura H. et al., Bull. Geol. Surv. Japan, 20, 367 (1969)

HhoERAFIERT, IRRMERE R A E, B, BEA, FHEEES, (1981)
ORIB R IERT, FRIRREIEFR AR (1973)

HERT RS —Mth, EFAEHTER, 23, 85 (1980)

FRORIER I IERT, IER MR AR, R VR R A e A T T SRR (1979)
BEMRE, S, B2HE, FUEBOMBBIRICET 2 EMRARSE, (1968), #HHE
HESFRME, RAFE, 19, 15 (1968)

WARE, WEEHE, 24, 20 (1973)

Marshall W. L. and Slusher R, J. Chem. Eng. Data, 13, 83 (1968)

Kikkawa K., Tikkyubutsuri, 9, 95 (1954)

Yuhara K., Mem. Coll. Sci., Univ. Kyoto, Ser. A, 29, No.3, 283 (1961)

Mizukami M., Sakai. H. and Matsubaya O., Geochem. Cosmochim. Acta, 41, 1201 (1977)
KEIER, 770 —> 2 7HICBIT 2 8KRIGHL¥EET I, BHAMEKLYSH#HHESE, 2 A9,
166 (1980)





