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Volcanic activity of Mt Kusatsu-Shirane suggested by the variations in fumarolic gas
composition and crater lake water chemistry
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The mechanism of phreatic eruption has not been well understood yet, although we observed phreatic
eruptions many times. Phreatic eruption is known to occur in the hydrothermal system developed
within a volcanic edifice because the ejecta of phreatic eruptions often contain the hydrothermally
altered minerals originated from the hydrothermal system. Therefore, an understanding of the
hydrothermal system is essential to clarify the mechanism of phreatic eruption.

The Jigokudani valley, Tateyama volcano located in the Hida Mountains, has an active solfatara
field, and was formed by repeated phreatic eruptions some 40,000 years ago. Recently the Jigokudani
valley showed the increased volcanic activity, for example, a sulfur outflow and temporal changes
in the composition of fumarolic gases. These situations make us expect the presence of a
well-developed hydrothermal system which is in preliminary stage of a phreatic eruption.

The objective of this study is to reveal the hydrothermal system beneath the Jigokudani valley by
resistivity exploration and hot spring water analysis. In general, hydrothermal fluids or
hydrothermally altered minerals are electrically conductive, whereas gases or rocks are resistive.
Therefore, a resistivity imaging by using an audio-frequency magnetotelluric (AMT) method is
suitable for structural investigation of the hydrothermal system. We estimated where the
hydrothermal system developed by AMT survey. In addition, we discussed what has happened in the
hydrothermal system by hot spring water analysis. We compared the inferred resistivity structure
with the results of hot spring water analysis, which enabled us to estimate more realistic
hydrothermal system.

The 3D resistivity structure showed that the Jigokudani valley has a cap structure that is composed
of upper hydrothermally altered layer (called cap rock), which shows electrically conductive and
rock) and hydrothermally low-permeable, and lower gas reservoir which shows relatively high
resistivity. A highly conductive layer is found in a depth of around 500 m and it seems to extend
eastward as the depth becomes large. These features were interpreted as the hydrothermally altered
pyroclastic flow deposit and a fluid path from the deep magma, respectively.

We measured an electrical conductivity, temperature and pH of hot spring water on the spot. The ion
concentration and isotope ratio of hot spring water samples were analyzed at 27 locations. The hot
spring water in the Jigokudani valley was classified into three types based on Cl‘/SOf‘
concentration ratio. Considering both the chemical composition and the isotope ratio, three types
of hot spring water were derived from condensation of volcanic gases, a mixing of meteoric water
and vapor phase separated at a shallow depth and the surface water supplied with volcanic gases
consisting of mainly H,S.

An integrated view of the resistivity structure and geochemical analysis suggests that the
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hydrothermal system develops in the depth to 500 m and a common parental fluid of all hot springs
is there. In addition, a gas reservoir estimated from the resistivity survey corresponds to the
vapor phase inferred from the geochemical analysis. The concentration of C1" in the hot spring
water derived from the vapor phase is a measure of the temperature condition beneath the cap rock,
which implies that the monitoring of (1™ could be useful to know the physical state of the cap
structure.
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The Japanese word "Suijoki hunka" and its English equivalents are usually defined by the phenomena
including transformation from groundwater into steam, whereas the actual eruption is determined as
Suijoki hunka based on absence of juvenile material from volcanic ash. The inequality sometimes
hinders understanding of the eruption mechanism and prediction of subsequent volcanic activity.
This paper represents a new classification of non-juvenile eruptions based on the reviews on three
literatures: Sterns and MacDonald (1944), Mastin (1995), and Browne and Lawless (2001). Subaerial
eruptions are classified according to relevance to phase transition of external water. Eruptions
unrelated to phase change of external H,0 consist of magmatic eruption and gas eruption that is a
kind of non-juvenile eruptions. Gas eruption is an explosive eruption derived from pressurized
volcanic gas accumulated underground. Eruptions relevant to the phase change (hydro-eruptions or
hydro-explosion) are further subdivided into five types: phreatic, phreatomagmatic, hydrothermal,
magmatic-hydrothermal, and mixing eruptions. Phreatic eruption occurs when a cold aquifer is heated
by newly injected hot magma to explode, and if the explosion involves the hot magma, the eruption
is phreatomagmatic. Hydrothermal eruptions and magmatic-hydrothermal eruptions occur in geothermal
fields and volcanoes underlain by underground hydrothermal systems. Hot hydrothermal fluid can
explode itself by sudden phase change from water to steam without external heat influx
(hydrothermal eruption). When the hot hydrothermal fluid is injected by hot magma that supplies
additional thermal energy for explosion, the eruption is magmatic-hydrothermal. Mixing between
groundwater and hot rock such as solidified new lava results in an explosive eruption that is a
mixing eruption. As thermal regimes within volcanic edifices determine the eruption types, three
types of regimes are assumed here. A volcano with a low temperature regime (type P hereinafter)
contains a cold aquifer that can be the source of phreatic and phreatomagmatic eruptions when a
batch of new magma injects. In a volcano with a high temperature regime (type G), hydro-eruption
hardly occurs because liquid water can not exist in the heated volcanic edifice. Magmatic and gas
eruptions are common to type G volcanoes. A volcano with an intermediate thermal regime (type H)
includes a sub-volcanic hydrothermal system containing hot water (often boiling water and steam).
The hydrothermal fluid in the type H volcano is the source of hydrothermal and
magmatic-hydrothermal eruptions. It is noteworthy that hydrothermal eruption can occur without
injection of or heating by new magma as the hot hydrothermal fluid can explode itself by releasing
thermal energy of the fluid when it is decompressed. These thermal regimes can easily change each
other in response to change of magmatic activity; types H and P change into type G when magmatic
activity intensifies. To evaluate subsequent volcanic activity when a non-juvenile eruption occurs,
it is crucial to realize the internal thermal condition of the volcano beforehand by means of
geophysical, geochemical, and geological investigations.
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The geothermal structure in the southwestern Hokkaido
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A Magnetotelluric Exploration for Crustal Electrical Conductivity Distribution beneath
around Azuma Volcano, Northeastern Japan
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Introduction of fumarole temperature observation in the Tateyama Jigokudani valley
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Resistivity structure around the Kuju volcanic group
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Repeated survey of ground temperature and hot springs around Iwo-yama, Kirishima Volcanic
Group
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