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Measurement, observation and equipment development for
understanding of various geosphere information
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This laboratory is dedicated to acquiring a diverse range of information about the geosphere, focusing on the development of necessary methods and
equipment. Our major areas of study include water—rock interactions, exploring rock conditions within the Earth’s interior under high-temperature and
-pressure hydrothermal environments, and measuring natural and artificial thermoluminescence (NTL and ATL), using minerals such as quartz,
feldspar, calcite, and other minerals. Electromagnetic (MT) surveys for underground structure exploration, Additionally, we investigate hydrogen
production techniques using acidic hot spring water and metallic aluminum. Our primary objective is to develop and optimize the use of geothermal
and hot spring resources, aiming for our findings to contribute to society. We also offer expertise in designing experiments and measuring techniques
involving autoclaves as well as applying thermoluminescence to minerals.
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Fig. I MT imaging of Zao area.

Subsurface Structure of Zao Volcano

Understanding the activity of Zao Volcano requires detailed knowledge
of its subsurface structure; however, comprehensive imaging of the
entire subsurface has remained limited despite previous geological
studies. To address this gap, we initiated a collaborative research project
in the current fiscal year with a private company and researchers at the
Research Center for Earthquake and Volcano Prediction, Graduate
School of Science, aimed at elucidating the deep subsurface structure
beneath and around Zao Volcano.

In this study, a preliminary magnetotelluric (MT) survey was conducted,
and initial analyses of the acquired data were completed. The results
reveal a low-resistivity zone located east of the Okama crater, extending
almost vertically from the deep subsurface toward shallow depths and
surrounded by high-resistivity zones. The low-resistivity anomaly is
interpreted as a region containing electrically conductive materials,

Fig. 2 Setting experiment of induction coils for geomagnetic measurements.
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Fig. 3 Relationship between distance from heat source and TL intensity.

such as water or hydrothermal fluids, whereas the surrounding high-
resistivity regions likely correspond to dry, competent rock bodies with
low electrical conductivity. This resistivity configuration suggests that
fluids may ascend from depth through pathways between relatively
impermeable rock bodies.

Due to limitations in the observation period, the number of MT stations
deployed in this fiscal year was restricted, preventing a detailed
characterization of the subsurface structure. In the next fiscal year, we
plan to increase the number of observation sites to enable higher-
resolution imaging and more detailed analyses.

In parallel with the MT survey, we also examined installation methods
for induction coils used in geomagnetic observations. Although
induction coils are typically buried below the ground surface to ensure
stable measurements, burial is sometimes difficult in mountainous
areas. Tests of aboveground installations indicate that basic observations
are possible; however, wind-induced coil motion can degrade data
quality. Considering practical constraints on transportable weight for
ground installation equipment, we adopted a modified installation
method for the vertical-component induction coil, in which the lower
end of the coil is fixed in contact with the ground surface.

Thermoluminescence
for Geothermal Exploration

Minerals such as quartz, feldspar, and calcite accumulate energy derived
from natural radiation over time following crystallization. This stored
energy is released upon heating and observed as luminescence
proportional to the accumulated energy, known as mineral
thermoluminescence (TL). Minerals that have experienced past thermal
events lose stored energy and therefore exhibit reduced
thermoluminescence intensity (TL intensity). Accordingly, minerals
affected by geothermal environments are expected to show lower TL
intensities than unaffected minerals. Studies have estimated planar heat
source locations based on the spatial distribution of TL intensity at the
ground surface. Recent investigations have suggested a correlation
between TL intensity and the distance from a heat source. Based on this
finding, a method has been developed in which a hypothetical subsurface
heat source is assumed and correlation coefficients between the distance
to sampled minerals and their TL intensities are calculated. By
systematically shifting the assumed heat source position, locations
yielding higher correlation values are interpreted as having a higher
likelihood of hosting a heat source. This approach is referred to as the
“TL inversion method,” and its effectiveness is currently under
evaluation.
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Fig. 4 Distribution of correlation coefficients calculated from TL intensity
and hypothetical heat source position
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