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Temporal variation in the composition of volcanic gases at Owakudani geothermal area
developed on the central cones of Hakone volcano caldera
by
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Abstract

The volcanic gases discharged from a bore hole and a natural fumarole were sampled repeatedly since 2001 at Owakudani
geothermal area, developed on the flank of central cone of Hakone volcano. The discharge rate of steam, SO,/H,S ratio, HCI
concentration and stable isotope of H,O in the gas from bore hole showed the decreasing trend after the activation of Hakone
volcano in 2001, although the decreases in the chemical and isotopic parameters were much gradual relative to the steam discharge
rate. The temperature of gas from bore hole dropped and the C/S and CO,/H,O ratios of gas from bore hole increased coincidently
when earthquake swarms happed beneath Owakudani geothermal area and the region at the north end of Lake Ashi. The changes
could be explained if we assume the generation of a cool cracks when the earthquake swarm happened, and also if we assume that
the cracks acted as the channel of volcanic gas. The temperature of crack would be much lower than the volcanic gas. A part of
H,O vapor could be removed as condensate and an associated removal of sulfur bearing gases would occur, resulting in the drop of

the temperature and the increase in C/S and CO,/H,0O ratios of gas.
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Fig. 1

Regions of hypocenter for volcanic earthquake

swarm within Hakone caldera. R, L, O
Lake Ashi, Owakudani

geothermal area, respectively. Ka and Ko

is the caldera rim,

is the summit of central volcanic cone,
Kamiyama, Komagatake, respectively. The
elliptical circles with A to E indicate the
hypocentral region of volcanic earthquake
swarm with various periods of occurrence
listed in Table 3.
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Fig. 2 Location of volcanic gases for this study. GB
and GOG6 indicate the location of No.52 bore
hole and natural fumarole, respectively.
Ka and Ko shows the peak of Kamiyama
and Komagatake central volcanic cones,
respectively. The open and filled circles
indicate the location of fumarolic gas and hot
spring water discharge, respectively. The open

rectangles indicate the location of bore holes.
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Table 1 Chemical and isotopic composition of volcanic gas sample at No. 52 bore hole located in the Owakudani geothermal area, Hakone volcano.
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Fig. 3 Temporal variation of steam discharge rate
at No.b2 bore hole. The vertical dashed lines
indicate the occurrence of earthquake swarm.
During the period of a, earthquake swarm

took place intermittently.
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Fig. 5 Temporal variation of C/S ratio of volcanic
gas from the bore hole (filled circles) and the
fumarole (open circles). The meaning of other
symbols in figure are common to those in Fig.
3.
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Fig. 4 Temporal variation of temperature of gas at
the outlet of No. b2 bore hole. The meaning of
other symbols in figure are common to those
in Fig. 3.
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Fig. 6 Temporal variation of CO,/H,0 ratio of volcanic
gas from the bore hole (filled circles) and the
fumarole (open circles). The meaning of other

symbols in figure are common to that in Fig. 3.
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Table 3. Region of hypocenter during the activety of

earthquake swarm.

Duration of earthquake activity Region of hypocenter

2001/6/12 ~ 2001/10/22 A B, CE
2003/2/5 ~ 2003/2/5 C
2004/2/4 ~ 2004/2/5 A

2004/4/15 ~  2004/4/15 C

2004/4/23 ~  2004/4/23 C

2005/8/14 ~  2005/8/15 C

2005/10/26 ~ 2005/10/26 B

2006/9/27 ~  2006/9/28 C

2006/10/2 ~  2006/10/4 C

2006/10/9 ~ 2006/10/18 B

2006/11/18 ~ 2006/11/19 B

2007/2/16 ~  2007/2/18 D

2007/2/28 ~  2007/2/28 E
2008/9/9 ~  2008/9/15 E

The region of hypocenter is shown in Fig. 1.
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Fig. 7 Temporal variation of SO,/H,S ratio in the gas
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Fig. 9 Temporal variation of stable isotope ratios of H,0O in the gas from bore hole and fumarole. The filled circles
and rectangles indicate the § "0 and & D of bore hole gas. respectively. The open circles and rectangles
indicate the & '®0 and & D of fumarolic gas. respectively. The value of isotope ratio is referred to the left

and right side y axes for 6 0 and & D. respectively.
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