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Some Implications on the Hot Spring Research

Joyo Ossaka”

Abstract

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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Photo 1 Landscape of a volcanic altered area.

BE 1 kil5EEEt

Photo 2 Halotrichite and alunogen in a volcanic altered area.
BE 2 nNobtUAA b, 7/ =5VDER

Photo 3 Halotrichite.

BEE 3 nobrUusqtb

Photo 4 Alunogen.

BEE 4 7/ =TV

Photo 5 The outside of the reactor for the alteration experiment.
BE 5 AIEXHEXERHi

Photo 6 The inside of the reactor for the alteration experiment.

BE 6 RIGEOANE

Photo 7 Colored seawater observed with the submarine volcanism in Japan.
BE 7T AREBILEIZBREAMUEEICHESEEIBK

Photo 8 Acidic hot spring at the seashore of Satsuma Iwo Jima, Japan.

BE 8§ EEREBBRCELTIHMMER

Photo 9 Colored seawater found at the coast of Satsuma Iwo Jima, Japan.
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Table 1 Chemical compositions of halotrichite* and alunogen** collected from several volcanic
and hot spring areas in Japan.

x 1 AILEEEHO halotrichite*, alunogen™ D{LF M5

Kusatsu 1 Yakedake 3 Hakone B Tamagawa A Yakedake 1

Waterdnsoluble 0.26 0.15 0.24 0.46 1.12
H,0 46.64 45.70 44.80 55.24 46.40
SOs 36.04 36.80 36.57 29.84 34.94
ALO, 14.84 16.31 13.69 10.30 11.55
Fe,0; 0.33 1.42 0.21 1.89 1.67
FeO 0.35 0.03 2.79 2.49 2.89
MgO 0.00 0.00 0.00 0.00 0.82
Ca0 0.00 0.29 0.00 0.11 0.29
Na,0 0.24 0.22 0.66 0.04 0.37
KO 0.09 0.00 0.03 0.03 0.16

98.79 100.92 98.99 100.40 100.21

[Fel/[Al]*** 0.06/2 0.11/2 0.31/2 0.58/2 0.54/2

Yakedake 4 Nasu 1 Beppu B Yakedake 2

Waterdnsoluble 0.82 0.95 1.30 0.53
H,0 43.70 44.48 16.28 44.78
SO, 36.14 35.88 33.03 34.43
ALO, 12.74 12.14 11.23 9.01
Fe,0, 2.76 0.37 1.75 1.56
FeO 4.02 5.31 5.75 8.44
MgO 0.14 0.00 0.34 1.12
Ca0 0.16 0.00 0.14 0.31
Na,0 0.18 0.13 0.08 0.53
KO 0.12 0.05 0.03 0.01

100.78 99.31 99.93 100.72

[Fel/[Al]*** 0.73/2 0.66/2  0.93/2 1.55/2

* halotrichite : FeAl, (SOy4), + 22 H,0O
**alunogen : Al, (SOy); + 16.5 H,0O
#*“[Fe]/[Al]” means the moleculer ratio of iron to aluminium.
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SO

3 alu. ;alunogen, AL(SO,), * 16.5H,0
hal. ; halotrichite, FeAl,(SO,), * 22H,0
mel. ; melanterite, FeSO, * 7H,0

Fig. 1 FeO—AI,0;—SQO; ternary plots for halotrichite and alunogen collected from
several volcanic and hot spring areas in Japan.
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Fig. 2 XRD patterns of halotrichite and alunogen.
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Fig. 3 Schematic XRD patterns of halotrichite
and alunogen collected from several volca-
nic and hot spring areas in Japan.

K 3 AMKHEDONOMYASLL, 7L/ —
g EREYO X BREIRR

TR
FeO melanterite
FeO - SO, - 7H,0
(A)
halotrichite
FeO + A0, - 450,
< 22H,0
alunogen

Si0, * nH,0, ALO, + 350,
- - 16.5H,0
Sio, ALO,
alu.
ALO,

Fig. 4 SiO,—Al,Os—Fe,05 ternary plots for rocks altered
under strongly acidic environment.
The interpretation of this figure is described in the
section 1.1.
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oL, FoilEo—&200, Mizd EDOMEICH E L TRIGEZMRES & 581 L 7.
IGFENTEA SN ERAT 2 ORE LN ER 212, FilboFEE o vicsElR 8 3, 38 H,
71 HEICH D L 72 ZEY Ot ii 222 310, Ras XOEEY O X R g %X 5 i<
Rtz RITREHZICTK D ALO; Fe,0;, MgO, Ca0O, NaO, K:O OF L WiEIT L b, HEiFEd
% Si0; DEMHERINICIEIT 266 AA, ZEBRICE T 20 E L%, HEICE T 52 HoWE
11570, wOEM LIS O SIO 2 —IBE DB nWbDE LT, —ELEBE, TNTHOE(LD
BT DR D Si0, & DEEARD T, TDEEX 6 1IT/R Lz, TNtk b &, SiOEIhF i

Table 2 Chemical composition of fumarolic gas at Owakudani, Hakone, Japan.

X 2 BRRKABEIILON @S D—HI

Temp H,0 Composition exclusive of H,O (Vol.%)
Sampling date c v 21 %
oL%  Hcr so, H,S  CO, R*

December 23, 1965 100.4 98.9 3.4 9.2 7.2 79.0 1.2

**R” means the gas consisting of the components that can not be trapped by
basic solution (5 moldm * KOH).

Table 3 Changes in the chemical composition of the andesitic rock
(Kamiyama lava, Hakone volcano) subjected to the alteration ex-
periment with the fumarolic gas at Owakudani, Hakone, Japan.

® 3 RKBAOESKFLICZD LcEBRRILE GERMLES) ©

M %EiE

0 day 8 days 38 days 71 days

SiO, 56.33 59.72 69.32 77.67
Al,04 18.48 15.92 8.94 3.97
Fe,O3 3.61 0.28 0.67 0.11
FeO 4.16 6.49 3.91 2.96
MgO 4.74 4.72 4.20 3.09
CaO 8.29 6.59 3.02 1.44
Na,O 2.88 2.94 1.73 0.33
K,O 0.74 0.61 0.65 0.15
H,O+ 0.13 1.64 2.63 3.67
H,O— 0.02 0.84 3.75 5.81
TiO, 0.85 0.79 0.90 0.94
MnO 0.15 — 0.11 0.08
Total 100.38 100.54 99.83 100.22
(wt.%)
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Fig. 5 Changes in XRD pattern of rocks subjected Ti
to the alteration experiment with the fumarolic 0 K
gas at Owakudani, Hakone, Japan. 0 8 38 71 days
A, original rock ; B, 38 days ; C, 71 days. Cr,
cristobalite ; Q, quartz ; PI, plagioclase ; Py, py- Fig. 6 Changes in the chemical composition of
roxene. rocks subjected to the alteration experiment
5 BEAXBAOEAEEERICEFZ XEE with the fumarolic gas at Owakudani, Hakone,
g Japan, regarding the content of SiO, had been
A FEEGE, B:38HH, C:71HH. Cr: 7 constant through the experimental period.
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quiet

early stage of activity
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Fig. 7 Si-Al-Fe ternary plots for the suspended substances
collected from colored seawater around submarine

volcano in Japan. Fig. 8 Conceptual scheme for the formation of
7T AIEECEFBEENLOEEEKD Si—Al—Fe colored seawater at submarine volcanoes.
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Table 4 Chemical composition (mg/L) of the
strongly acidic hot spring water at Satsuma-
Iwo Jima.

K 4 EERESORBRMERDILFEMS (mg/L)

Eastern hot spring

Sampling date August 2, 1975

Water Temp. (C) 56.0
pH 1.6
Na™* 324
K* 57.6
Mg*" 65.7
Ca®" 143
Mn?* 4.4
Fe*" 85.9
Fe’* 62.3
Y Fe 148.2
AP 545
Cl~ 906
SO 4980
¥ CO, 52.0
H,SiO4 300
mg/L

8 804

7

6 60fi

5

T
[=%

44 40 '_
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24 204 /%

o NI
1 .,
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0 20
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ZREICE D, ZOORETO Al Fe Ok
R ARt & > TEOFEBER LI, FhiC
&% & pH 2~3 T SinitE L, pH 3 TFe’*
DB GG, THucfE- T A3k
%, &5 pH 43T Al KEICHEEKL, &
[Eid 2 ITEAE S I CFe®t oL,
Al 3 &EAETRRB L cfRiC, pH 6500 5
Fe*" 2k 5 &5 51k, Th 2ok
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ST o1z, INRENSDERY \bl{j]ﬁ;zj_
BIchtz->T, 13EAEIEREITI VS
@ﬁ%T£67D71/&@°Mﬁyan
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DG L CHmEHR AR T b LHfEES N
3.
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total Al

-‘)_r\
60 80 100

Volume ratio of sea water to hot spring water of unity

Fig. 9 Changes in chemical composition of mixtures of seawater and strongly
acidic hot spring water in Satsuma-lwo Jima.
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Fig. 10 Changes in pH and the degree of precipitation in the mixture experiment
with seawater and hot spring water.
10 BAERICHEITS pH OF{L LS DEBARR

Fig. 11 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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2.3 EEBKORSELEBEBRXLUDFEE
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Si—Al—Fe O 3 KT, SR LIZL D b Sifillich b bDTIE, ZOIEHENTEL, HER
BEonBEKkELTVEbDTHD, 2hi D Fe, ALICELRS DAL, A< L
WEDTH BEPEERNNCHE S8 - TR ONR, 1991). /MR (1986) 1 L1, FIAILE L
B0 BEHEKLOBEE TS, K11 hoOHID X 5 1CEHE 137 OBADERNICH D, DS
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IS DIFFELBIAREROERIC L v, FAEOHE MRLT TR, BHATEOHEEK LGSR
MOEEET 2akHET> TV 5.

ES & o

COFETO 1 DFEIE, A (G 2 SEBHRICK D T OEAKS PERRK (EH) 1T E)
T 586, 2 O, WICHERIEIR GRIE) thoEERoy 3K & ol & ot (@GR 1T
THEHAETHSE ([X12). TNEFTORLTELLIIC, VFNOEAITBVTS, T NS BHL
PIDHERLR B D Rt ¢ E A EBICANS &, ZDILFEAENHR LT VWESELHEDT
BRWHALEEZ SN, BREMFOMELED—DELT, TOLIBEZFERELLVERSRE
Thb. HIFIRROHEMLZEINIZEE S S L0, SMEFNIIZEE S - L Vo b b
W,

COHEOWREBHA TS o7, HARRRMF2OEBREAICEEHH L LT 2RETH
3.

opal, Si0,:nH,0

insoluble hydration remainging o
components minerals kaolin, 25i0,A1,0;2~4H,0
montmorillonite
P decomposition
Original rock —L<

soluble leaching . .

components hot spring water river water sea water
secondary leaching
minerals

precipitation
halotrichite, FeAl,(SO,),22H,0
alunogen, AL(S0O,),-16.5H,0

colored sea water | Precipitates

pickeringite, MgAL(SO,),-22H,0 suspended
*gypsum, CaS0O,2H,0 allophane, Al,0,:Si0,nH,0 subsutances
thenardite, Na,SO,-10H,0 hisingerite, Fe,0,Si0,nH,0

*alunite, KAI(OH),(S0,),

halite, NaCl

*calcite, CaCO,
etc.
*acid soluble, and others are water soluble

Fig. 12 Schematic flowchart of transport of rock components to hot spring waters by rock alteration
and formation of colored seawater.
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