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Abstract

The temperature of subsurface thermal water is one of the fundamental quantities seeded
to construct a model of a hydrothermal system. However, itis not easy to conduct direct
measurements of subsurface temperature by drilling deep wells. Alternatively, chemical methods
called "geothermometers” have been presented previously to estimate subsurface temperature
by the chemical compositions of hot spring waters. All of them can be applied to hot spring
waters in a range of slightly acidic to weakly alkaline, but not to strongly acidic waters. This
constraint impedes the further progress of hydrothermal study. The purpose of this study is
to develop a geothermometer for strongly acidic hydrothermal water. Anhydrite (CaSO4) is
reported to be rapidly in equilibrium with strongly acidic thermal water. The deposition -
dissolution reaction of anhydrite is expressed as CaSO4==Ca?"+S0O42". This equilibrium shifts
to the left side with temperature rising. Thus, when strongly acidic hot spring water is heated
beyond the saturation temperature of anhydrite, anhydrite should precipitate out of it. High
temperature experiments using a pressure vessel proved that the reaction advanced quickly
under hydrothermal conditions. Therefore, we have constructed a computing method for
calculating temperature of subsurface acid thermal water based on temperature dependence
of the equilibrium. The temperature of hydrothermal water is calculated within a few minutes
from the main chemical composition of hot spring water by the use of the new geothermometer.
We have also examined the precision of this method by some hydrothermal experiments. The
precision of the method is considered to be better than 10C.
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Table 1 Chemical compositions of hot spring waters: concentrations are in mg/I

Sampling location (VYC’I; pH | Na K Ca | Mg | £Fe| Al Cl | SO« | SiO2
Kuju-iwoyama 86.4| 2.1 |85.7| 3.7| 209 | 69.3/167 48.31 22.6 | 2500 | 477
Myoban hot spring | 62.6 | 2.0 | 34.6 | 11.8 | 107 | 30.1] 63.2|200 2.8 12840 | 343
Tsukahara hot spring | 59.1 | 1.7 | 89.7 | 19.8 | 172 123 |285 |573 0.5|6490 | 271

Sampling dates: Kuji-iwoyama; Jul. 26, 1995, Myoban hot spring; Oct. 10, 1995, Tsukahara

hot spring; Jun. 7, 1995
WT: water temperature

(analytical method) Na, K, Ca, Mg, Cl, SO4: lon chromatography

SiOz: Spectrophotometry (Molybrate yellow method)
¥ Fe: Spectrophotometry (1,10-Phenanthroline method)
Al: Spectrophotometry (Stilbazo method)
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Fig. 1 Results of XRD analyses of the precipitates
produced from heated hot spring water samples
an: anhydrite, al: alunite.

(measuring conditions) Target: Cu (Ni filter), 30kV-
15mA, Slit: 1°-0.15-1°, Scan: 26=0.5/min, Detector
Voltage: 1200V, Time Constant: 1 sec
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Fig. 2-1 Result of XRF analysis of the precipitates produced from heated hot
spring water, collected from Kuju-iwoyama
(measuring conditions) Voltage: 50kV, Current: 20mA, Step angle: 0.02°,
Counting time: 0.5sec/step, Time Constant: 1.0sec, Spectroscopic crystal:
Na, Ca, Al, Si: EDDT, Na, Mg: TAP, Fe: LiF
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Fig. 2-2 Result of XRF analysis of the precipitates produced from heated hot
spring water, collected from Myoban hot spring
(measuring conditions) Voltage: 50kV, Current: 20mA, Step angle: 0.02°,
Counting time: 0.5 sec/step, Time Constant: 1.0sec, Spectroscopic crystal:
Na, Ca, Al, Si: EDDT, Na, Mg: TAP, Fe: LiF
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Fig. 2-3 Result of XRF analysis of the precipitates produced from heated hot

spring water, collected from Tsukahara hot spring

(measuring conditions) Voltage: 50kV, Current: 20mA, Step angle: 0.02°,
Counting time: 0.5 sec/step, Time Constant: 1.0sec, Spectroscopic crystal:
Na, Ca, Al, Si: EDDT, Na, Mg: TAP, Fe: LiF
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Fig. 3 Result of XRD analysis of Mud Pool deposits from the Tsukahara
Geothermal Area.
an: anhydrite, al: alunite. q: quartz, cr: a-cristobarite
(measuring conditions) Target: Cu (Ni filter), 30kV-156mA, Slit:
1°-0.15-1°, Scan: 20 =0.5/min, Detector Voltage: 1200V, Time
Constant: 1sec
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Table2 Chemical composition of thermal water collected from
a mud pool in Tsukahara geothermal area

pH 0.89

Na (mg/1) 629

K (mg/1) 894
Ca (mg/1) 338
Mg (mg/1) 218

X Fe (mg/1) 926

Al (mg/1) 5460

Cl (mg/1) <0.1
S04 (mg/1) 54300
SiO2 (mg/1) 194

(analytical method) Cl1,S04: Ton chromatography

Na,K,Ca,Mg, X Fe, Al,SiOz: ICP emission spectroscopy

Table 3 Difference between measured temperature of mud
water in Tsukahara geothermal area and calculated
temperature from chemical composition of the mud water
(Table 2) using the developed geothermometer

measured temperature 92C
calculated temperature 99°C
difference 7C
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Table4 Chemical composition of thermal water sampled from Tsukahara hot spring; concentrations

are in mg/I
WT .
) pH Na K Ca Mg X Fe Al Cl SO4 SiO2
99.1 17 89.7 19.8 172 123 285 573 0.5 6490 271

Sampling date: Jun. 7, 1995, WT: water temperature
(analytical method) Na, K, Ca, Mg, CI, SO4: Ion chromatography
SiOsz: Spectrophotometry (Molybrate yellow method)
¥ Fe: Spectrophotometry (1,10-Phenanthroline method)
Al: Spectrophotometry (Stilbazo method)
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4 Relationship between heating tempera-
ture and Ca concentration of heated hot
spring water sample (Tsukahara hot
spring: Chemical composition is shown
in Table4 ).

A:Room temperature, B:Qutlet tempera-
ture of hot spring water, C: Saturation
temperature of anhydrite, D: Concentra-
tion level before heating sample solution
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Komatsujigoku
BASE FILE: Komatsujigoku
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CONCENTRATIONS of LIQUID PHASE
CONCENTRATION (mg/1)
pH 2.50 3).51623E-03
Cl- 230 6.4875E-05
S04= 1607.10 1.6730E-02
S= 0.00 1.0000E-35
H4S5i104 3267 30 5.4306E-03
Na+ 5.80 2.5228E-04
K+ 0.60 1..5345E-05
Ca++ 21.40 5.3393E-04
Mg++ 10.20 4,.1955E-04
Fe++ 488.00 8.7382E-03
Al+++ 97.20 3.6024E-03
Pb++ 0.00 1.0000E-35
Ba++ 0.00 1.0000E~-35
SPECIATION AT 25 DEGREE C.(TOTAL IONIZABLE HYDROGEN)
SPECIES CONCENTRATION R LOG(ACTIVITY)
S04= 1.1254E-02 0.441 -2.304
Ca++ 3.5942E-04 0.479 -3.764
CHARGE BALANCE= 4.78
Ca*S04 = -6.07
SPECIATION AT 50 DEGREE C.(TOTAL IONIZABLE HYDROGEN)
SPECIES CONCENTRATION R LOG(ACTIVITY)
S04 = 1.0337E-02 0.453 -2.330
Ca++ 3.3610E-04 0.489 -3.784
Ca*S04 =iM=6.11
SPECIATION AT 100 DEGREE C.(TOTAL IONIZABLE HYDROGEN)
SPECIES CONCENTRATION R LOG(ACTIVITY)
S04= 8.1997E-03 0.471 -2.414
Ca++ 2.7924E-04 02505 -3.850
Ca*xS04 = -6.26
SPECIATION AT 150 DEGREE C.(TOTAL IONIZABLE HYDROGEN)
SPECIES CONCENTRATION R LOG(ACTIVITY)
S04= 7.1658E-03 0.477 -2.466
Ca++ 1.9435E-04 0.511 -4.003
Ca*S04 = -6.47
SPECIATION AT 200 DEGREE C.(TOTAL IONIZABLE HYDROGEN)
SPECIES CONCENTRATION R LOG(ACTIVITY)
S04= 6.4705E-03 0.487 -2.502
Ca++ 1.0249E-04 0.520 -4.274
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Ca*S04 = -6.78

SPECIATION AT 250 DEGREE C.(TOTAL IONIZABLE HYDROGEN)

SPECIES CONCENTRATION R LOG(ACTIVITY)
S04= 4.4460E-03 0.513 -2.642
Ca++ 5.1424E-05 0.543 -4.554
Ca*xS04 = =7.20

SPECIATION AT 300 DEGREE C.(TOTAL IONIZABLE HYDROGEN)

SPECIES CONCENTRATION R LOG(ACTIVITY)
S04= 4.0193E-03 OR 519 -24681
Ca++ 4.9971E-05 0.548 -4.562
Ca*504 =4c L 24

SATURATION INDEXS OF MINERALS AT ELEVATED TEMPERATURES

FILE NAME : Komatsujigoku
MINERAL 25 50 100 150 200 250 300
(DEGREE C.)
anhydrite —1.80, -1.53 =0.92 =0.25 0.44 1.24 2.97

OUTPUT OF COEFFICIENTS OF EQUATIONS FOR CURVE FITTING

S.I. = a + b * TEMP. + ¢ ¥ TEMP."2 + d * TEMP. 3
+ e * TEMP. 4 + f * TEMP."5
FILE NAME : Komatsujigoku
MINERAL a b c d
e f
anhydrite -2.069E+00 1.147E-02 =4 .992E-05 8.954E-07

-4.845E-09 8.709E-12

OUTPUT OF SATURATION TEMPERATURES OF MINERALS
=== RESERVIOR TEMP. OF ACID THERMAL WATER
FILE NAME : Komatsujigoku

MINERAL TEMP. (DEGREE C.)

anhydrite = =  ——————————- > 1868





