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Professor Emeritus of Tokyo Institute of

Technology, Senzoku, Meguro, Tokyo .

J. Hot Spring Sci.

A rock alteration process is made up of dissolution of water soluble components and

remaining of insoluble components. However, each rock component is not leached out

disorderly. Water soluble components in rocks make temporarily secondary minerals

that are stabilized under the environment there. For example, we can find commonly

alunogen and halotrichite as secondary minerals at around volcanic fumaroles. Change

in chemical composition of rock in an acidic alteration process will be more easily ex-

plained by considering the formation of such secondary minerals.

On the other hand, acidic spring water from submarine volcano supplied to seawater

makes suspended substances which show yellow, brown or reddish brown colors. Those

suspended substances are amorphous minerals like allophane and hisingerite. The color

of the suspended substances depends on their mineralogical and chemical compositions.

These observations suggest that a mineralogical approach must provide us the better

understanding on the changes in chemical compositions in nature connected to geother-

mal fluids.

Key words : rock alteration, secondary mineral, submarine volcano, colored sea water
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Some Implications on the Hot Spring Research
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Photo Landscape of a volcanic altered area.

Photo Halotrichite and alunogen in a volcanic altered area.

Photo Halotrichite.

Photo Alunogen.

Photo The outside of the reactor for the alteration experiment.

Photo The inside of the reactor for the alteration experiment.

Photo Colored seawater observed with the submarine volcanism in Japan.

Photo Acidic hot spring at the seashore of Satsuma Iwo Jima, Japan.

Photo Colored seawater found at the coast of Satsuma Iwo Jima, Japan.
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Table Chemical compositions of halotrichite* and alunogen** collected from several volcanic

and hot spring areas in Japan.
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Kusatsu Yakedake Hakone B Tamagawa A Yakedake

Water-insoluble
residues

H O

SO

Al O

Fe O

FeO

MgO

CaO

Na O

K O

Fe Al ***

Yakedake Nasu Beppu B Yakedake

Water-insoluble
residues

H O

SO

Al O

Fe O

FeO

MgO

CaO

Na O

K O

Fe Al ***

* halotrichite : FeAl (SO ) H O

** alunogen : Al (SO ) . H O

*** “[Fe] / [Al]” means the moleculer ratio of iron to aluminium.

Al O FeO Al O FeO :

FeO SiO Al O
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SiO Al O Al O SiO
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+.42. +04-+ +-403 +*4-* ++4//

*4-- +4., *4,+ +423 +401

*4-/ *4*- ,413 ,4.3 ,423

*4** *4** *4** *4** *42,

*4** *4,3 *4** *4++ *4,3

*4,. *4,, *400 *4*. *4-1
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Fig. FeO Al O SO ternary plots for halotrichite and alunogen collected from

several volcanic and hot spring areas in Japan.

Fig. XRD patterns of halotrichite and alunogen.
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Fig. SiO Al O Fe O ternary plots for rocks altered

under strongly acidic environment.

Fig. Schematic XRD patterns of halotrichite The interpretation of this figure is described in the

and alunogen collected from several volca- section . .

nic and hot spring areas in Japan.
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(Kamiyama lava, Hakone volcano) subjected to the alteration ex-

Table Chemical composition of fumarolic gas at Owakudani, Hakone, Japan.

Table Changes in the chemical composition of the andesitic rock

periment with the fumarolic gas at Owakudani, Hakone, Japan.
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Composition exclusive of H O (Vol. )
Temp. H O

Sampling date
Vol.

HCl SO H S CO R*

December ,

* “R” means the gas consisting of the components that can not be trapped by

basic solution ( mol dm KOH).

day days days days

SiO

Al O

Fe O

FeO

MgO

CaO

Na O

K O

H O

H O

TiO

MnO

Total

wt.

X

Al O , Fe O , MgO, CaO, Na O, K O

SiO

SiO

SiO SiO

,

-

,
,

, , ,

-

,

, -

, -

,

,

,

,

,

, - , - , ,

,

,

, ,

,- +30/ +**4. 3243 -4. 34, 14, 134* +4,

/

* 2 -2 1+

/04-- /341, 034-, 11401

+24.2 +/43, 243. -431

-40+ *4,2 *401 *4++

.4+0 04.3 -43+ ,430

.41. .41, .4,* -4*3

24,3 04/3 -4*, +4..

,422 ,43. +41- *4--

*41. *40+ *40/ *4+/

*4+- +40. ,40- -401

*4*, *42. -41/ /42+

*42/ *413 *43* *43.

*4+/ *4++ *4*2

+**4-2 +**4/. 3342- +**4,,

/2 ,**2

+32+

/

0

, 2 -2

1+ - /

-

0

,
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cristobalite ; Q, quartz ; Pl, plagioclase ; Py, py-

roxene.

with the fumarolic gas at Owakudani, Hakone,

Japan, regarding the content of SiO had been

Changes in XRD pattern of rocks subjected

rocks subjected to the alteration experiment

Fig.

to the alteration experiment with the fumarolic

gas at Owakudani, Hakone, Japan.

A, original rock ; B, days ; C, days. Cr,

Fig. Changes in the chemical composition of

constant through the experimental period.
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Conceptual scheme for the formation of

colored seawater at submarine volcanoes.

Fig. Si-Al-Fe ternary plots for the suspended substances

collected from colored seawater around submarine

volcano in Japan. Fig.
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strongly acidic hot spring water at Satsuma-

Table Chemical composition (mg/L) of the

Iwo Jima.

Fig. Changes in chemical composition of mixtures of seawater and strongly

acidic hot spring water in Satsuma-Iwo Jima.
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Fig. Changes in pH and the degree of precipitation in the mixture experiment

with seawater and hot spring water.

Fig. Si-Al-Fe ternary plots for the suspended substances collected from colored

seawater around submarine volcano in Japan.

The double circles show the samples collected from Fukutoku-Okanoba.
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Fig. Schematic flowchart of transport of rock components to hot spring waters by rock alteration

and formation of colored seawater.
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