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Mechanism of Formation of Hot Springs Containing
Hydrochloric Acid

Hiroshi KAMIYA
Nagoya Institute of Technology

A close resemblance of the behavior of metal components in lower temperature gas
at Mihara in 1961 to that in the thermal water at Tamagawa in 1956 was found by in-
vestigation on fumarolic gases and thermal waters.

The present writer, thereby, gives an account of formation of acid hot spring such
as Tamagawa in the following ways. Metal chlorides are transported without dissocia-
tion in volcanic gas of high density under sufficient temperature and pressure. Near the
earth’s surface the gas turns into thermal water acidified with partial decomposition of
the chlorides. Undecomposed chlorides remain in the acidified thermal water, along with
production of H,S0, or with dilution by H,SO, solution which is different in origin and
dissolves various components of wall rock.
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Fig. 1. Crater of Volcano Mihara.
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Fig. 2. A methode for collecting condensed water from a fumarole.
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Table 1. Average concentration of nine components in condensed
water from a fumarole at Volcano Mihara. (m. mol.//.)

Date of sampling 1959 1961
Temp. about 390°C about 330°C
Si 2.5 0.47
Al 0.27 0.28
Fe 0.047 0.094
Mg 0.016 0.072
Ca 0.037 0.22
Na 1.1 0.081
K 0.11 0.008
SO2- 14 7.0
Cl- 67 208

Table 2. Concentration of seven components in fumarolic gas

at Volcano Showa-shinzan.

(m. mol./m3 of original gas at N.T.P.)

Temp. 760°C 525°C 220°C
Si 3.4 3.9 0.64
Al 0.45 0.42 0.039
Fe 0.019 0.017 0.085
Mg 1.08 0.45 0.26
Ca 0.094 0.088 0.43
Na 0.79 0.79 0.46
K 0.32 0:23 0.035

Table 3. Mole-percentage of seven components to sum of them
in lava and condensed water, and ratio of mole-percentage
in condensed water to that in lava at Mihara.

In 1961

| In 1959
Lava (Ry) l Condensed Condensed
water (Gy) G1/Ry water (Gy) Go/Ry
o | % 6 6 o

Si (o I | 61 1.2 38 0.75
Al 17.7 6.5 0.37 23 1.3
Fe 10.5 | 11 0.10 T 0.73
Mg 6.8 0.4 0.06 5.9 0.87
Ca 10.2 0.9 0.09 18 1.8
Na 3.2 28 8.8 6.6 2.1
K 0.4 2.7 6.8 0.63 1.6
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Table 4. Mole-percentage of seven components to sum of them in lava
and fumarolic gas, and ratio of mole-percentage in gas to
that in lava at Showa-shinzan.

§ Gas of Gas of Gas of

[ Lava 760°C Gs/R, 525°C G4/Rs 220°c Gs/R;

. (R9 (Gy) (Gy) o
si 66.4 55.1 0.83 66.3 1.0 32 8 \ 0.50
Al 17.5 7.4 0.42 7.1 0.40 0.11
Fe 3.2 0.31 0.10 0.29 0.09 4 4 1.4
Mg 1.2 17.6 15 g 6.3 13.4 11
Ca 3.7 1.5 042 | 1.5 0.40 22.0 5.9
Na 6.3 12.8 2.0 13.3 2.1 23.6 3.7
K 1.7 5.2 | 3.2 3.8 2.3 1.8 ‘ 7.4

Table 5. Order of magnitude of ratios for seven components.

Mihara
In 1959 Na > K > Si > Al > Fe > Ca > Mg
In 1961 Na > Ca> K > Al > Mg> Si = Fe
Showa shinzan
760°C Mg > K > Na > Si > Al = Ca > Fe
525°C Mg > K > Na > Si > Al = Ca > Fe
220°C Mg > Ca > Na > Fe > K > Si > Al
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Table 6. Concentration of nine components in Tamagawa
and Goshogake hot springs. (m. mol./l.)

} Tamagawa ‘ Goshogake
Date of | a
saranlie 4 1952 1956 1952
Temp. 97.3°C 98.0°C 100°C
pH 1.3 1.2 2.4
Si 4.37 4.19 2:51
Al 4.37 5.29 1.44
Fe 142 2.00 0.59
Mg 1.73 1.29 0.74
Ca 2.48 5.19 0.50
Na 2.39 4.61 0.28
K 0.79 0.49 0.06
SO2- 11.7 13:2: 6.2
Ci- 67.1 88.3 0.03
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Table 7. Mole-percentage of seven components to sum of them in lava
and thermal water, and ratio of mole-percentage in thermal
water to that in lava at Tamagawa and Goshogake.

Obuki 1 Obuki 2 Goshogake
Lava (Ry) (Ly) Li/Rs (Le) Ly/Rs (Ls) Ls/Rs
% % Z) %

Si 55.6 25.3 0.5 18.2 0.3 40.9 0.7
Al 18.4 25.3 1.4 22.9 1.2 23.5 1.3
Fe 6.5 6.5 1.0 8.7 1.3 9.7 1.5
Mg 5.7 10.0 1.8 5.6 1.0 12.1 2.1
Ca 7.8 14.4 1.8 22.5 2.9 8.2 1.1
Na 4.6 13.9 3.0 20.0 4.3 4.6 1.0
K 1.3 4.6 3.5 2.1 1.6 1.0 0.8
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Table 8. Order of magnitude of ratios for seven
components in thermal waters.

Tamagawa 6buki s
K > Na > Ca, Mg > Al > Fe > Si

Tamagawa Obuki 2
Na > Ca > K > Fe > Al > Mg > Si

Goshogake
Mg > Fe > Al > Ca > Na > K > Si
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Table 9. Mole-ratios among components.

\ K/Na | Mg/Ca | AlFe ‘ Mn/Fe j P/Fe
I~ g5

Condensed water at Mihara { 1960 0:10 0.43 5.7 Lt il
1961 0.10 0.33 3.0 0.019 0.058

760° C 0.41 11 24 — 3.8

Fumarolic gas at Showa- o _

R % 525°C 0.29 5. 1, 25 4.6
220°C 0.076 0.60 0.46 —_ 0.25

Thermal ‘wilds 48 Fanadits {Obukf 1 0.33 0.70 3.9 0.038 =
Obuki 2 0.11 0.25 2.6 0.020 0.026

Thermal water at Goshogake 0.23 1.5 2.4 — —
Thermal water at Kusatsu 0.27 0.67 8.6 0.22 0.15
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