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Abstract

The condition of the formation of low lead hokutolite was estimated by the computer simulation
of chemical composititon of hokutolite from the chemical composition of hot spring waters of
Tamagawa Hot Spring and of Peito Hot Spring by using the phenomenological equations. The
results show that the low lead hokutolite from Tamagawa Hot Spring are supposed to be formed
at 75 ~90°C near the Obuki vent. The low lead hokutolite from Peito Hot Spring, which have
less Sr contents than those of computer simulation, are supposed to be formed from the thermal
waters like those of Zigokudani vent at 80~90C .

1. FL&®IC

1ES8 & DL A (hokutolite) K 2\ Tk, €3k, AMOFIRRECE - THES LW IXEE
FBRICHE NS DR KEERATCRECTERETAZ EBMONATWENRLY, TOMEFED/D
X WERIZ 2Tl Sasaki and Minato (1983) ® (35 R AT CHEASRO T P SE < O&EEE T
AERTAZERED, DAL VTBEHEDBE NS DONHERKSLEELI. £ LT 1A VRE
DEFEMNE < 7513 K depletion system T#® 5 Pb, Sr D4 ELIC 2>\ TG ELFRE DN S L Te D F
BfECIT DL & E R EBRHT R L.

—%, BBOLBACOWTE, ChITHERENR (19~30wt.%), AhBYFTLE
HEDHEHE (1 ~2wt. %) Z EBMmbh T ibed), PEFROEVIDIREINT
Wi ot Linl, FROEFNERIHEADEFRIIHAT, ABIFEACLEHREEFDOL
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DRFEETIHRTTHDEEELIHBL T

ZOHIBIFIEELD > L NXEBLYHM, RETLIENTE, TOIFICE o FESH
EREBOIBRAEFERL, TOMESIEL XBEFESE L2 HEE LD, Balhlb Lol
BEORLS THEEBLTWIEE Wb A ESREKDOEHIZTTEILEE s TED, T, TOJEER
FOHIT, TOEBEKLOHKICE VIR LD T, LTDOEREMHFTODWTIEHALLT
EhisEFETHA.

EHL IR, ALFNCTPEC 2 HEO TR O SR AR T 5 OB EHER LY Ao
TERRA T 5891016, = PG HRAE H U CTEROILERRE b & AT % EfED{b
FHREHEE L, EEOEREYOIFEERE I —KTHZEEHER LTS, SE RN
TARSR S/ A DR LY & OBREHERNELH IR L, BHREFIEEDOERSHEIC
WTHEETS.

2. B#ReRdRA

A DAL EZEIRRE DS DO Table 1IOCRTRDTHS. ZDHHT-1, T-20YE
SEFIABRAELEEZELIIFATH S DO TEINRREDOKEFERL S TAERINTLDOTHS.
HEBHE B X F5T~61(FEE) % DBa0, 1.7~6.0% DPbO, 0.1% 2D SrO, CaO % & A T\ 5. T-3
LUFOENALE AL L O THRDOTOCL T DEELHFTER Licb DT, T-1, T-20kHEIZR B
CHRTHEFERNWNZL, AR YF UL Y Y AEFEESRABEOERREONS. K
EREOIAFEADHEREIHLLTEL AR DELNLHRT, THROFLDENHDID L
PSS OERLICEEZDRS.

WIEBEOILBE R ERE OILFAR % Table 2L 73, BEIAELITEINIHERICH T
APANBYFTARESWLEREHTHEN, TIRBLWTLHEAEDNIVWEDONRRER X
nen, FhpP-1, P-2TRIN BRI TH B, MEIIBaO=41~44wt. %, PbO=5.0~6.5wt. %,
SrO=0.05wt. %6 ETH 5. ZhbOILHEADFBBINIFERE DN Tl < ERERD H200miF
ETHOBNEOEKRIERE CTHS. L LERAN LI THERLIE WO FRIE L, LT
BHLTCWE Wb 2ERBKICIDAERLLELDE LT, BukoEHi 4 Ttikibs - Th
D, FOHRGEC DT b AT Wb (Ri).

Table 1. Chemical composition of plumbian barite (hokutolite) from Tamagawa Hot Spring. ! 2 6)

Sample Bao PbO SrO CaO
No. (wt.%) (mol%)* (wt.%) (mol%)* (wt.%) (mol%)* (wt.%) (mol%)*
T-1 60.72 97.35 1.65 1.82 0.09 0.21 0.14 0.63
T=2 57.48 92.88 5.95 6.60 0.10 0.24 0.10 0.28
T-3 51.84 87.08 9.15 10.55 0.33 0.82 0.34 1.56
T-4 52.10 85.22 11.84 13.29 0.22 0.53 0.22 0.97
T-5 47.54 84.26 11.79 14.34 0.19 0.50 0.19 0.90
T-6 48.93 82.80 13.60 15.79 0.27 0.67 0.16 0.74
T-7 49.42 81.58 14.05 15.91 0.20 0.49 0.45 2.01
T-8 46.97 81.41 13.92 16.55 0:35 0.90 0.24 1.14

* Composition in mole % as to barium, lead, strontium and calcium.
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Table 2. Chemical composition of plumbian barite (hokutolite) from Peito Hot Spring in Taiwan.

Point Bao PbO SrO CaO Fey03
No. (wt.%) (mol%)* (wt.%) (mol%)* (wt.%) (mol%)* (wt.%) (mol%)* (wt.%)
P-12) | 44.18  92.22 4.97 7.13 0.04 0.13 0.09 0.53 2.96
P-2%) | 41.30  89.55 6.53 9.73 0.06 0.19 0.09 0.54 2.08
P-3¢) | 40.76  68.25  23.62  27.17 1.59 3.94 0.14 0.64 1.16
P-49 | 40.51  72.62  19.07  23.49 1.30 3.45 0.09 0.44 0.73
P-5 39.68  65.19  26.80  30.25 1.45 3.53 0.23 1.03 0.41
P-6 30.15  63.30  22.58  32.57 0.96 2.98 0.20 1.15 4.02
P-7 38.18  64.92  26.50  30.96 1.25 3.15 0.21 0.98 1.16
P-8 35.55  70.13  18.95  25.68 1.10 3.21 0.18 0.97 0.86
P-9 36.94  61.41  29.98  34.24 1.58 3.89 0.10 0.45 n.d.
P-10 | 41.94 71.98  20.98  24.74 1.09 2.77 0.11 0.52 1.63

a) b) Data cited from Sasaki and Watanuki (1990) .
¢) d) Data cited from Sasaki and Watanuki (1988a) .
sk Composition in mole %as to barium, lead, strontium and calcium.

3. HRABRXNCLHEFMEHRDOL 32— 3

W, B % AR LIciR R R DOACERR D b AL A EEE O &S OER OB N % 515
L, BEABR2ACTIhEREDILFHERYER LTAR 5. 7, EJINRE DM % Table 3
<, LR R O L & Table 417797, 19605 O JLFIE R DBa?t EE LD\ T BT 5.
TR R DO F T DL BT >\ T, Sasakiand Watanuki (1988b) 9, 54 K « EF « #if
AP OB BWTEENRIN TS, T, tEALERKEOH, AL vyFU LDk

Table 3. Chemical composition of Tamagawa Hot Spring waters (mg-dm=3)

Tamagawa Hot Spring (Obuki)
1965220 1983¢)  1985°) 1986 °’ 1987 1988 1989

Ba?t 0.82 1.03 1.32 1.58 1.59 1.53 1.77
Pb2+ 1.59 0.93 0.78 0.69 0.99 1.03 0.72
Sr2+ 0.29 0.36 0.30 0.42 0.40 0.46 0.44
Na+ 110 49.1 47.0 56.1 45.5 48.7 43.1
K+ 21.5 31.9 33.8 37.7 30.4 27.9 29.6
Ca?t 168 93.6 89.0 85.0 82.3 83.2 81.3
Mg?+ 46.9 32.1 36.0 35.9 33.5 33.2 31.6
% Fe 85.5 123.0 93.0 85.6 73.7 64.7 59.6
Al 99.1 132.0  104.0  124.0 98.7 9.8  101.0
Si0, 368.5 257 252 249 239 240 253

SO, | 1242 2068 1656 1595 1357 1203 978

cl- 3174 3140 2870 2830 2720 2595 2530

pH 1.20 1.13 1.17 1.19 1.19 1.28 1.30

a) Data cited from Takano (1969) .
b) Data cited from Takano and Watanuki (1972) .
¢ ) Data cited from Sasaki and Watanuki (1988b) .
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Table 4. Chemical composition of Peito Hot Spring waters (mg-dm=—3)

Peito Hot Spring
1960 1983* 1989
1 a) I b) I c) o
Ba?t 0.034¢)  0.038f) — 0.298) -
Pb2* 2.02 212 S 1.28 1.06
Sr2t 1.81 1.94 o 1.29 1227
Nat 1130 1200 888 632 631
Kt 472 466 284 301 296
Cazt 242 256 199 198 195
Mg?* 72.5 76.5 66.4 57.0 56.2
% Fe 131 139 82.0 73.5 7302
Al3+ 147 156 70.4 99.9 99.0
Si0, 142 147 152 202 200
SO,%~ 3150 3190 2245 2090 2020
Cl- 4070 4410 2548 2440 2390
pH 1.22 1.23 1.49 1.43 1.43
a) Sampled on May, 2, 1960. b ) Sampled on Jun. 7, 1960.
%k Analyzed by Goto. ¢ ) Sampled on June 16, 1989.

d ) Sampled on June 17, 1989.
e) f ) Measured by ICP analysis long time after sampling.
g ) Measured by in situ coprecipitation method.

DT ORI D B I D\~ TlkSasaki and Minato (1983) 3), Sasaki and Watanuki (1988b, 1991) % 1D
BHDLDOTERI .

CREFHER(C & DBITE]
CRETEI T — 2% LR AEDILFEER Y, EENINE TRV TELRSEHEXS 1D
L ECEHBELTARLY. FTROISLHAGHEXAEE L 5.

Vi X Ly Lig Lys Arl
[VFZ :Vr [ sz = L21 L22 L23 AI‘2 (rzl, 2, 3, """ ) <1)
Vi3 X3 Ls; Lgg Las Ar3

ZCTxy (=1, 2, ) REBHEDILFEEMR (mol%) 2R L, v ik r &EOEMORIGEED

A=2T, vox, (=1, 2, )REFWMEST OUBEETH 5. L; (=1, 2, 3; j=1, 2, 3)ZHR

FTETHY, A, (=1, 2, 3k r & B OEBED BT DUBERDLEBRFNEEL T 5.
VA AR DRI A BT B0 B & vmp s DB A EE GREIFN L) & AR O LT 24T,

Agyso, TV O LRDAD LS ICEHHEE N H 1310,

B IAP (BaSO,) 2)
SBaso, = 7, - K_ (BaSO,)
BaSO, sp 4
Apaso, =RTIn Spg0, =ARus0, ~RTInag,g0, (3)
T 2 TCSpag0, WOBEAMMLE R L, Apygo, BILFBRMAZEL T 5.
Te fxi Ly 0 IAP(BaSO4) (4)

BaSO, = Ksp (BaSO,)
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T, IAP(BaSO )3 {RFEAFHDBa £80,2 D1 4 VIERETH Y, apg,qo, FBEWLPECH S

% ke DBaSO, DIER (#5h), K, (BaSO,) ZAEE I K51 5BaSO, DEMERTH 5.
COBSEHBRROBRSFRK LY RD L LENRD S H, Onsager DHEREEMEDII>E LT, (1)

DHBRIT I DORAEAF LD, REIHORK D (KHE, EH)OHITT — 2 RBETH

. ek, FOBCERTEESCHEORE LLVWEA (LE2ERREKDLLEEZOLEEND

AR Lok d s ) OSHHEZ AV I, COMICHER2ED L REE L.

1) BRAKFOHREBEBLOIERRNNERDLE DD, WA A VI LB D EEEL,

TOTHAAVEERELULERMAEZEE L. NV VLA, AMRYFULALFVYDI B

o SEETRIT /N S\ D TR L.

2) B DA A+ v DER I Debye-Huckel K& AV TEHE Lic. &/, JbARESETOEmN

SOEEREE, &0z THEBBSLILEZTV 1 EBW .

BONTHERIKDOBY THD. (E4K - BF « ik, 199110 £M])

WBTERE (T0°C, 19834F) :

86.62 L Lyg Ligg 1.060
vi |12.00 | = | Ly Lgs Lgs | | —1.359 (4)
0.86 La; Ls; Lgs’ ' —0.985
AT AT (40T, 1965%) :
85.22 Li Ly LG 0.742
ve |18.29 | = | Loy Lgy Las | | —0.874 (5)
0.53 La; La; Las’ *—1.019
B (25C, 19654F) :
81.41 Tin g Eiys 1.149
Vs {16.55 — [LZI gy ng} {—1.024 6)
0.90 Ls; Las Lag’ ' —1.160

vi=1 (GE#e) L 35 L HRRXIFERKET HERE UTHBERME Z ERHRS. i, X
M1 OKRGLIEDMOBKLTES. BIEIBLETROIOICILS.

Ly;;=185.4, Liz=Ly1=40.0, Li3=Ls;=2.68, Ly;=21.7, Ly3=L13,=0.85, L33=0.84, v,=0.74,
v3=1.37 (7)
IRLDOEDMBITERT B8, WEZ I TRODO W LERSEEEY AW T, FIRER AR
BEOWTEHAER WL OBHRELT, ARTHIBREDOERRELIE L Thic. REBNLLO
B RICRT.

[E)NEER]

FIERAEOFER L Table LRI N 2B TH 5. FNRBROREC SV TLAFD
D OEBRR LR L HESITI8, & 2 TR EHEFILRAZI0FRITHR I NI DD
TY, 2 TiX1965%F D EJINRRAKDILFEMERE b LICFHEET .

1) KED(LE@RE b & LB EHET 5L, BEI0CTEEWT,

Adugo,=—0-0494, Ao =—3.773, Ag o, =—5.619GIEM) L1 2. ZOHETNTO
AR TH D, WBEER LR LS.

2) RE%0CUOCET)LTEHE

Adug0, =0-251, Adygo =—8.527, Ago, =—5.293L D
RE SRR
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X 135.4 40.0 2.68
vV | Xpygo, | = | 40.0 21.7 0.85| | —8.527—RTln xpyg, /100 8)

. P 2.68 0.850.84’ ' —5.293—RTIn xg¢q, /100
LW R TN ly fil XBaso, T Xpbso, T X850, =100% TH 5. ZhE@ &,
v=0.17, XBaso, =98.5%, X pbso, =1.4%, X850, =0.1%
3) IREX80C(TLTF) T3 &
ABaso, =0-540, Ao, =—38.258, Ad o =—4.9755 D
v=0.38, X Baso, =96.0%, X ppso, =3.8%, X550, =0.2%
Ll h. FENHRR TEECE LN AENHEFIEADILEHABIT T TR L1zTable 10® 0 T
BHMD, VIial—va VORBBRIBERTEDOBERELETER LIzd DM, A e v F v
EREEMEVWE VWO ZERICKHBLTWE VW2 D, T, WBREREENNIW ELEY
DFEE—FHLTD. RS L LTHERBT-1785~90CREE, ABT-2M75~80CEE TH
LIHEEINS.

{ 0.251—RTIn xp,g0, /100

[HEER]

RicTable 4% & L ICALBRIFIC OV TEET L. FIEROBE LA, Kmis OBEMN
EHET AN, FORSIC1960FE DBat BEIC O\ TIE, HABE L F0ERETHE LS D
ThHO, ZELIREETHASH IO T, EEIXER (1930) 29 OfE(0.4ppm) ITHTH - 12 b D
EEZLRD. X TIRIBIEDOHBRARRDOMESL & L ICEHET 5.

1) REX100CET 5 &, {L¥EHMT

ARaso, = —0-014, Ao, =—2.740, Adso,=—3-T0TGHEM) L5, ZOBATSTOR
SORERMTH D, WBITER L2 L5,

2) REAICUOCET)ET 5 &

ABaso, =0-258, ADyco, =—2.550, A g =—3.460(GHEME) X »

v=0.23, Xp,50, =93.1%, Xpygo, =5-8%, Xgg0, =1-1%

3) BEX80C(CET)ETHE

ABaso, =0-542, Ao, =—2.342, Ad o =—3.196%

v=0.61, X Baso, =86.8Y%, X ppgo, =11.8%, X850, =1.4%

Eish. ALERIER TERECHE LR A EPHEFIEADILEHRIT T TR LicTable 2058 H T
BHMBDL, AbaYFULOERY I 2 V=Y VORBBRIDEBRIET NI hoTW5. &
HEZ DOEBEBSBEFIF L AR LI BOKOLEEARN EDY 3 2V — o VORTEIE
THREHERDOEDE D LESTIDTHDZ EERTEONLANLL. L, &bz d
EBRDHTEL D&, AFIP-1, P-204 RSt L T80~ CREEDRENHEINS

[ EefRE]

RECENER EIAFRROBEC OV UEHEFIER LERAKEONRBEIVOA by F Y
LADIEPTOGEEHEZTE TS, FEFER > Table5IiRd. 2 THOSIRERIC O\ T,
FPRGBOKFORE L L TEPRESA VLD L, ZanffErlinicT 7 T+ ViEE
ZHWIADED2BHEODWTIT->THE. BLDEANTOFEERIZSH, A vFvian
RS THO X DER TAER LIt BEEOHREL DA/ WELE-TED, FORERET
B RO GBI EI 7o > T, 2L, dEWEROZ N o Y F 7 ADSEREMRD
PPNEBEBLLOSCEDRAD, THFT TR L5 CIEHBREDESHEFITFEFD A
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Table 5. Apparent partition coefficients of Pb and Sr between
low lead content plumbian barite (hokutolite) and hot spring
waters of Tamagawa Hot Spring and Peito Hot Spring.

Dpy Dpy Dg,
Tamagawa Hot  T-1 0.013 0.035 0.0039
Spring (1965) T-2 0.055 0.146 0.0047
Peito Hot P+l 0.027 0.037 0.00020
Spring (1989) P+2 0.060 0.084 0.00031

sk Apparent partition coefficients of Pb between plumbian barite
(hokutolite) and hot spring waters calculated from the Cl ~-free
Pb?* ion concentratitons.

M VYFULAERENIVE L —Z—V 2=y s VELAELD/NI W FEHIGELTWA.
IhbDZ LSRR AL B R R E LA & A AL A DR A EIR & A UL O Bk b 5T
ElbDTRIRL, 3P LAMRYFTARBEDNIVEKNLLER LIbDTHS I LE2R
BLTWALHSKEDLNS.

4. & B

B EFIBRDAREHEEZRD A DL, ENRREEIABBROBECODNT, Thth?D
R KDIERB A b & CHEHERNE AV TERIBEREDOLEERDY I 2 V=Y 3 Y ET 5
fo.
FORR, FIRACELESHEIBRITIY I 2V—v a2 VORRLIBL—FKETL, BEROK
AT CIRETS C~0CRETAR LicdDEELLNA. Fio, RBEROESEFIEEY
AR X BOKDILEARII AR TH 50, ERBEEHBAEERE S B CHEAROBOK D LAR Lic
ADEFTHE, YIialb—YaVOEIDVEEDA MY F U LAEEEINIL NIV, #BE
BEENOLATERBEILCSAS~NCEETHAS> EELLNAD.

& &

KT B o D E)RRE KED EER S BE DS HTELY —HEABREW LR EE RS T RES
BHE O EFRFELETBES EPBRCE#@LHB L EFEd.
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