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Chemical compositions of volcanic gases from submarine

fumaroles in Wakamiko Caldera, northern Kagoshima Bay,

Japan
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Abstract

The chemical compositions of fumarolic gases collected at submarine Wakamiko Cal-

dera (depth7,** m) in the northern Kagoshima Bay, Kagoshima prefecture, Japan, have

been determined. The gas samples have been directly collected using submarine research

vehicles from two distinct fumarolic sites ; one was on the knoll (depth71/ m) located at

the eastern edge of the caldera (Site-+) and the other was on the bottom of the caldera

(Site-,).

The fumarolic gases were mainly composed of carbon dioxide, methane and nitrogen,

and additional minor components were hydrogen sulfide and hydrogen. Hydrogen was

found in all the samples collected from Site-,, whereas determined in only a few samples

from Site-+. The contents of carbon dioxide and hydrogen sulfide in the gases of Site-,

were slightly higher than those of Site-+. These results suggested that the fumarolic gases

from Site-, were more strongly a#ected by hydrothermal activities beneath the caldera

than those from Site-+. The present results were in good accordance with other findings

by the chemical and/or mineralogical analysis for the sediments, fluids and bottom sea

water around the fumaroles.

Key words : fumarolic gas, hydrothermal activity, submarine volcano, Kagoshima Bay,

Wakamiko Caldera, Sakura-jima
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Fig. + The location and topography of Wakamiko caldera.
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Table + Chemical compositions of bubble gases collected at sea levela�

Sampling
location

Sampling
date

Content (vol. �)

H,S CO, H, N, CH. O,

Site +

,0-Nov-+31/

,1-Nov-+31/

,,-Sep-+310

,,-Sep-+310

,,-Sep-+310

,/-Sep-+310

,/-Sep-+310

,,-Oct-+310

,,-Oct-+310

,,-Oct-+310

,,-Oct-+310

0-Dec-+310

0-Dec-+310

,*-Jan-+311

+,-Sep-+311

+.-Sep-+311

,.-Aug-+312

�
�
�
�
�
�
�
�
�
�
�
�
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�

*4**

*4**

�

�*4+

�*4+

�*4+

�*4+

�*4+

�*4+

�*4+

�*4+

�*4+

�*4+

�*4+

�*4+

�
�

*

*

�

�*4*+

�*4*+

�*4*+

�*4*+

�*4*+

�*4*+

�*4*+

�*4*+

�*4*+

�*4*+

�*4*+

�*4*+

�
�

*4***0

*4***,

�

1-4+

1*4-

1,42

1,42

1,43

1-4,

1.4.

1.42

1-40

1-43

1-43

1*42

1+4/

3140

134,

1,41

0143

+.4*

+341

+340

+341

+34/

+243

+/4+

+.41

+042

+04,

+04,

+34+

+24-

,.4,

+-42

+14/

,*4-

+,43

+*4*

140

14/

140

143

+*4/

+*4/

340

343

343

+*4+

+*4,

24,

�
�

++42

Site ,

,0-Nov-+31/

,0-Nov-+31/

,1-Nov-+31/

0-Dec-+310

3-Dec-+310

,+-Jan-+311

,+-Jan-+311

+.-Sep-+311

,/-Aug-+312

,/-Aug-+312

�
�
�
�
�
�
�

*4**

�
�

�*4+

�*4+

�*4+

�
�*4+

�
�

*

�
�

*43

+4,

+4,

*43

*43/

+42

*4-

+4.

,4,

+40

1.43

034.

1,42

0341

1*4*

/-4*

004,

014.

0*4.

0.43

+04/

,,42

+241

,-4-

,-4*

.*4/

,*4-

,/4-

-,4,

,14/

140

040

14,

04+

04*

.41

+-4,

�
/4,

04*

a�Data cited from Ossaka (+33+)
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Table , Chemical compositions of fumarolic gases directly collected at submarine fumaroles

Sampling
location

Sample
No.

Sampling
date

Content (vol. �)

H,S CO, H, N, CH. O, Ar

Site +

S+-+

S+-,

S+--

S+-.

S+-/

S+-0

S+-1

S+-2

S+-3

S+-+*

S+-++

S+-+,

S+-+-

S+-+.

S+-+/

S+-+0

3-Sep-+311

3-Sep-+311

+,-Sep-+311

+,-Sep-+311

+,-Sep-+311

,1-Aug-+312

,/-Oct-+33.

,/-Oct-+33.

,1-Oct-+33.

,,-Jul-+33/

+0-Apr-+330

+0-Apr-+330

+2-Apr-+330

+-Sep-+331

--Sep-+331

+.-Jun-+332

*4*,

D
*4*-

*4*-

*4*1

*4.1

*4,2

*4+-

*4,,

*4,.

*4/.

*4,.

*4.2

*4,.

*4.0

*4-/

1/4/

1/4*

1342

1242

2*40

2.4--

1,41

1.43

1/42

1-42

0.4/

0*4-

0/4/

2+42

/*41

1/4-

*

*

E*4***+

E*4***+

*

*4***+

*

*4***/

*4***,

*

*

*

*

D
D
D

14,

14-

/4-

/4,

.4*

,40*

.40

,4+

,40

.4.

24/

342

340

D
D
D

+04,

+14-

+/42

+/40

+/4-

+,4/.

,,4-

,,42

,+4,

,*4/

,-41

,04/

,+4-

D
D
D

D
D
D
D
D

*4*0

*4*0

*4+*

*4+/

+4*,

,41.

-4,,

,431

D
D
D

D
D
D
D
D
D

*4**.

*4***

*4**.

*4*.1

*4***

*4***

*4+,0

D
D
D

a�
a�
a�
a�
a�
a�

Site ,

S,-+

S,-,

S,--

S,-.

S,-/

S,-0

S,-1

S,-2

S,-3

S,-+*

S,-++

S,-+,

S,-+-

S,-+.

S,-+/

S,-+0

S,-+1

S,-+2

S,-+3

++-Sep-+311

++-Sep-+311

++-Sep-+311

+--Sep-+311

+--Sep-+311

+.-Sep-+311

+/-Sep-+311

,1-Aug-+312

,1-Aug-+312

,3-Jun-+33*

-*-Jun-+33*

,0-Oct-+33.

,2-Oct-+33.

,.-Jul-+33/

,.-Jul-+33/

+1-Apr-+330

+1-Apr-+330

,-Sep-+331

+--Jun-+332

*41+

*42*

*40*

*4.0

*4-,

*4.-

*4.0

+4-*

+4-1

*4/-

*4//

*4+3

*4+2

*4+.

*4,/

*42/

*4-.

*4+/

*40+

3+4-3

3+4-*

214.*

3+4..

214-

3,40

3+41

3+40*

3+40-

124*1

2-42/

104,

3+41

1/43

2*40

034+

124,

2*4+

2.43

*4,0

*4,0

*4-1

*4,.

*4-1

*4,

*4,*

*4,-

*4,,

*4.+

*4-.

*4*,

*4*,

*41,

*4.1

*4*.

*4*-

D
D

,4*3

,4*1

-4,

,4+

-4,

+42

+42+

+41-

+403

14,+

.4-/

-4*

+4+

-4,

,40

+*42

14.

D
D

/4.1

/4/+

24-

/41

241

/4*

/411

/4++

.43,

+-4,,

+*410

,*4/

043

+34,

+/4-

+04+

++40

D
D

D
D
D
D
D
D
D

*4*-

*4*1

*4/.

*4++

*4+-

*4+2

*42.

*41.

-4+-

,4-1

D
D

D
D
D
D
D
D
D
D
D

*4*,0

*4*.+

*4**.

*4**,

*4*-+

*4*-0

*4***

*4+/1

D
D

a�
a�
a�
a�
a�
a�
a�
a�
a�
a�
a�

a�Data cited from Ossaka (+33+)
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Fig. , CO,-CH.-N, ternary plot of chemical compositions for the fumarolic gases

from Site-+ (open circles) and Site-, (closed circles).
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Fig. - Plots of the concentrations of (a) methane and (b)

nitrogen against that of carbon dioxide for the fuma-

rolic gases from Site-+ (open circles) and Site-, (closed

circles).
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Fig. / Plot of the concentration of hydrogen sulfide against

that of carbon dioxide for the fumarolic gases from

Site-+ (open circles) and Site-, (closed circles).

Fig. . Plot of the concentration of hydrogen against that

of methane for the fumarolic gases (closed circles) and

for the bubble gases collected at sea level (closed

triangles) from Site-,.
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Table - Estimated reservoir temperatures

Sampling
location

Sample
No.

Sampling
date

Estimated temperature (�)

T+
a� T,

b� T-
c� T.

d�

Site +

S+-0

S+-1

S+-2

S+-3

,1-Aug-+312

,/-Oct-+33.

,/-Oct-+33.

,1-Oct-+33.

2,

�
-,

22

-/

�
1/
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�
�
�
33

�
�
�
3,

Site ,

S,-+

S,-,

S,--

S,-.

S,-/

S,-0

S,-1

S,-2

S,-3

S,-+*

S,-++

S,-+,

S,-+-

S,-+.

S,-+/

S,-+0

S,-+1

++-Sep-+311

++-Sep-+311

++-Sep-+311

+--Sep-+311

+--Sep-+311

+.-Sep-+311

+/-Sep-+311

,1-Aug-+312

,1-Aug-+312

,3-Jun-+33*

-*-Jun-+33*

,0-Oct-+33.

,2-Oct-+33.

,.-Jul-+33/

,.-Jul-+33/

+1-Apr-+330

+1-Apr-+330

,.+

,.-

+2*

+03

+1-

,,1

,,1

,.1

,.0

+2*

+10

+/2

+0-

+10

+1-

31

+13

,+0

,+0

,,/

,+.

,,/

,*3

,+*

,+-

,+,

,-*

,,.

+/2

+/0

,..

,-,
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+1+

�
�
�
�
�
�
�
�
�

,.3

,-+

,+0

,-,

,/3

,.-

�
+-+

�
�
�
�
�
�
�
�
�

,/3

,-3

,,,

,.+

,1*

,/-

�
+,1

a� Equilibrium temperatures calculated based on the H,S-H,-CH.-CO, geo-

thermometer (D’Amore and Panichi, +32*).
b�Equilibrium temperatures calculated based on the CO,/H, geother-

mometer (Koga et al., +33/).
c�Equilibrium temperatures calculated for the vapor phase based on

the H,/Ar geothermometer (Marini, ,***).
d�Equilibrium temperatures calculated for the liquid phase based on

the H,/Ar geothermometer (Giggenbach and Goguel, +323).
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