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Abstract

A formation mechanism of hokutolite is proposed on the results of high temperature speciation
of chemical components in hot spring water. It is explained why the hokutolite precipitation
is confined to Tamagawa and Hokuto hot springs and not observed at Nasu and Manza hot springs.
At high temperature main chemical species containing Ba?t, Pb2* and SO, in acid hot spring
water are BaCl*, PbClT and HSO,4~, respectively and the variations of BaClt/Ba2+, PbCl*t/Pb2*+
and HSO,=/SO,4% with temperature are likely to control the formation of hokutolite.
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Na : Na*, NaCl9, NaSO,~, NaH;Si0,°

K : K*, KC1% KSO,~

Ca : Ca?+, CaSQO,"

Mg : Mg?+, MgS0,°

Fe : Fe?*, FeClt*, FeCl,°

Al @ Al3*F, AISO,*, Al (SOy) 4~

Pb : Pb2*, PbCl*, PbCl,% PbCly~, PbCl,2, PbSO,°, Pb (SO,) %

Ba : Ba?t, BaSO,% BaCl*

Si: HySi042%-, H3Si0,~, H,S10,°

S : H,S0,°% HSO,~, SO,%, H,S° HS™, S2-

Cl: CI~

H o H
sk, Ca, Mg, Fe, Al, Balk D\ TIXOH- 2 &b @A EA Lo A EEMICIIRIEC 5 5
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BEORE 5 L O'pH % A1 L T25—300C DEZDIRE T - 1-.
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LIV DTRBHEEILWEEZBNS. FERHWESH T — X % Table. 1537
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Table 1 Analytical data for computer simulation (mg/I)

e Yedaw  Jokeo Nam o il Kewersge
(64.7 .21) (65 7.-21) (86.9.29)
Temp./C 98 25 93 *1 70 80 98
pH 1.2 1.7 1.23 1.5 1.38 1.6
Cl- 3174 625 4410 169 1110 1921
SO42% 1254 348 3190 2044 4920 1599
Nat 110 18.5 1200 22..2 618 T
K+ 21.5 10.0 466 71 145 44
Ca?t 168 370 256 63.6 56.8 81.3
Mg2+ 46.9 30.7 76.5 30.5 278 204
Fe2t+ 85.5 20.0 139 27.5 10.1 105
Al3t 99.1 26.9 156 85.2 70.5 111
Si0, 317 *1 130 *3 147 147 340 130 *3
H,S 20 *1 2 *4 20 *5 ad.b —*2 —k2
Pb2t+ 1.59 0.32 2.4 *4 0.07 —k2 1.28
Bazt+ 0.82 0.18 0.4 *6 0.00n —*2 —*2

Tamagawa Obuki & Yu-daki: After B. Takano (1967) 9
Hokuto: Unpublished data by S. Ohsawa & Y. Fujiwara (1988)
Nasu Yumoto: After N. Ikeda (1955) 19)
Manza Karabuki: Unpublished data by S. Ohsawa (1988)
Kawarage: After B. Takano (1972) 18
*1: After I. Iwasaki et al (1963) 19
*2: Not determined.
*3 : Solubility of amorphous silica at room temperature20)
*4: After B.Takano (1972) 18
%5 : Considered to be equal to Tamagawa Obuki’s value
*6: After I. Suganuma (1950) 1

3. %% =B

ABFETIIFig. RS & O I Biiie 7V 2 E2BRLTL 5. ThbbAKTEECE L
THRE NRAEKIE~ORBEE ER L THRCBH T 55,  OREE TIZRRK~OY
HOWAREL, Tl EROBRFTRRKOWESL LOBILETICIR bR T5. &
W, BAKFOZCEEOREIRE L ENC L > TOHRE S LFET S (m={ (p, 1),
m:LEEOWE, p: BN, t:RE). IO, BRAKIEAOBETHRE TFELRDL:
BoBBHTELOLTE. UEDE S EERTHRLE, HRTHELRLRRKDOFEEZAL
TREDL XS LEFLFEEROHNEL T 2L XD, WTRRICET EAKT
DILFRERR T RED LB TES.

HEOZ LML RET B LD CRAARIURE 51 5 R KDapys » ago,s- PBa-pSO,
M[Fig. 2lic 7 m v b L, E&HAECHT SEMOREEHRE Lic. FIRRRAS, JL&ER TR
FEESAEOMAR LB L, FIRABE CLBAMERCS 5. REROIEEDOER
COWTE AR ARSI DR TERD 5T FIIEBRCOVTRRO XD ILRT T LMRT
27, Trbb, AB—BEMOBIITIRAIER L TE VARORRIR TCH > BES &



£38%: (1988) AV — X eV ialb—¥a VKX AIBALERERE 157

VEREDETICLZEDEELLNTVWENY, HERRIINEZULTELOTHS. #
BHBABRDNN) T LAOGHHEIERFETH 5 DI AMEDO.009mg/l ZHA L THEHAK 2T
IREFNERICAIE L, EAAS LR AOEERT W E WO BFMNEREE —HT 5. Lk
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Figure 1 Model of a hot spring for calculation and Figure 2 pBa-pSO, diagram for barite-hydro-

discussion. thermal solution system.

Symbols m, p and t represent molarity, Lines in the figure are saturation lines

pressure and temperature, respectively . of barite at various temperatures.
Numbers in the figure represent temper-
ature (C).
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Figure 3 log S vs temperature of barite in the

Tamagawa hot spring (Obuki) and the

Hokuto hot spring waters at elevated

temperature.
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Bl BH, FNERCHEHEREORREFCIIIFEAOBERNFAET L ENREIN
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ERTeD. Lich o CTERRBERIEBI A4 VHMEOMBEE LTHRT L LIZTER. £Z
Tapyucagy: DWPDREREWONLCT HIDIC/SY ¥ L LFHEOICFEED T VIRE & RED
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Figure 4 Molarity of chemical species for the

Tamagawa hot spring (Obuki) water at
elevated temperature.

a: sulfate species, b: barium species,
c¢: lead species
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Figure 5 Molarity of chemical species for the

Hokuto hot spring water at elevated
temperature.
a: sulfate species, b: barium species,
c: lead species
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Table 2 log S of galena and anglesite vs temperature

log S of Galena (PbS)

Temperature/C 25 50 100 150 200 - 250 300
Tamagawa Obuki | —3.34 —3.67 —4.09 —4.32 —4.56 —4.96 —4.62
Hokuto —3:21 —3.54 —3.92 —=4.12 —=4:36 —4. 77 —4.43

log S of Angleite (PbSO,)

Temperature/ C 25 50 100 150 200 250 300
Tamagawa Obuki | —1.18 —1.40 —1.90 —2.29 —2.61 —3.18 =265
Hokuto —0.80 —0.97 =11.42 —1.79 o i —2.69 —2.16

® Tamagawa-Obuki

W Hokuto

@ Manza-Karabuki(Model)

N

[N

log S

-3 r L " . . .
o 100 200 300
Temperature /°C

Figure 6 log S vs temperature of barite for the
Manza Karabuki hot spring waters at
elevated temperature.
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51, E)I, dtFEDBRRAKCHEANERFOCHREA A VIBERE N L0, ELW1 + VIBENK
RNV apzaalFVvHRERLES WI ENFERTHEEE2b05.

L H—D2DY I .=y a Ve LT REARIFKERRCOWTS FEEERR AR
Z#100C >\ TfTle s ek &4, JIRBRREDERKITZEZACOVTHMLTNAS T EHR
Shic. NEEBRREOBRADGDIZESALWL LIERERER L Wb Z ERMBRATH5D
T, SHEHREIBEOFBIIHE LN T ADERAETERLEDEEZELONS. ¥ 2T,
NEEEROBRKDELZACHMLTCWLLE LTCESHAOBRERIL/N) 7 ADORERFTE
LickZh, 2X1I00MEETH-T. ULEDZEnBINFEERERD/N) ¥ LEE20.3mg/1 &
ELUTTHEZENRTHEINS.
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Figure 7 Molarity of chemical species for the

10k Manza Karabuki hot spring water at
elevated temperature.
0 ' 700 : 200 ; Sob a: sulfate species, b: barium species,
Temperature /°C c: lead species
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