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Fluid-driven reactive crust: Professor
resource formation and decarbonization processes Atsushi Okamoto
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Our laboratory focuses on rock—fluid interactions in the geosphere to understand and effectively utilize the “reactive crust.” Our research themes
encompass seismicity and fluids, CO, mineralization, supercritical geothermal resources, natural hydrogen, and power generation phenomena in
seafloor hydrothermal systems. This year, we advanced research on quartz vein formation in response to fluid pressure changes caused by earthquakes
as well as silica precipitation and rock alteration processes induced by brines in the high-temperature crust. We are developing methods for hydrogen
production and enhanced recovery from mantle ultramafic rocks and conducting experimental investigations into CO, mineralization mechanisms that
leverage specific rock properties. Additionally, through high-temperature and high-pressure deformation experiments, we suggested that carbon-
bearing mass transfer influences frictional behavior and seismic activity at subduction plate boundaries. Furthermore, by analyzing the mineral
textures and electrical properties of sulfide chimneys developed in deep-sea hydrothermal systems, we demonstrated the potential for deep-sea power
generation phenomena that convert heat into electricity.
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Fluid-rock interactions in high-temperature
crust: Link to earthquake, supercritical
geothermal systems

indeed form in response to fluid pressure fluctuations (Fig. 1).
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Fig. 1 Cathodoluminescence zoning of synthetic quartz grown
in response to fluid pressure oscillation.

Furthermore, through open-system reaction experiments between rocks
and brines (NaCl and MgCl, solutions), we showed that extensive
alteration proceeds even in low-permeability crust, accompanied by
significant elemental mass transfer and porosity formation. These
findings significantly advance our understanding of the link between
crustal seismogenesis and ore deposit formation as well as the
development of supercritical geothermal resources. Additionally, we are
currently conducting research using topological analysis to extract
geometric features of pores and fractures in crustal rocks, aiming to link
these features to fluid transport properties.

Fig. 2 Deformation experiment during carbonation of
serpentinite-quartzite boundary at 500 °C and 1 GPa.
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CO: mineralization within ultramafic rocks and
geological hydrogen

Ultramafic rocks, which constitute the Earth’s mantle, are rich in
magnesium (Mg) and iron (Fe) and exhibit the highest reactivity with
surface water and CO,. The hydration of peridotite (serpentinization)
oxidizes ferrous iron within the rock while simultaneously generating
hydrogen. Recently, investigations into the potential of this process for
natural hydrogen resource development have begun. Meanwhile, the
carbonation of peridotite via CO, absorption is anticipated to be a stable
method for CO, sequestration. We are investigating the natural
occurrences of these characteristic rock—fluid reactions through field
surveys in Japan, Mongolia, and Oman while simultaneously conducting
experimental research on their effective utilization. Although the
volume expansion associated with H.O and CO, uptake poses a
significant risk of pore clogging, our analog experiments demonstrated
that carbonation and serpentinization can proceed effectively through a
“reaction-fracturing-fluid flow” feedback mechanism. Conversely, we
also revealed that under certain conditions, the leaching of elements
such as Mg and Fe can suppress volume expansion, allowing the reaction
to continue. We succeeded in dramatically enhancing this selective
leaching using biodegradable chelating agents; flow-through
experiments demonstrated a more than 100-fold increase in rock
permeability. Furthermore, we clarified that the dissolution of brucite
plays a critical role even in serpentinite (altered peridotite), which is
generally considered less reactive than fresh peridotite.

Natural Electricity generation on the Deep
Seafloor

Hydrothermal fluids exceeding 200°C discharge onto the deep seafloor,
forming “chimneys” composed of sulfate and sulfide minerals. We
precisely measured the electrical conductivity and thermoelectric power
of chimneys collected from the Izu-Ogasawara area. Our findings
revealed that layers of Cu and Fe sulfides, which act as n-type
semiconductors, form around the hydrothermal fluid conduits. We
suggest that the development of these conductive layers facilitates power
generation on the deep seafloor during specific stages of chimney
growth. This generation is driven by the redox potential difference
between hydrothermal fluids and seawater as well as the thermoelectric

power resulting from the temperature gradient.

Fig. 3 Enhancement of electrical conductivity due to the development of
zonal structures in seafloor chimney.

Fig. 4 Post-conference field excursion of the Sanbagawa belt, The International
Symposium on Slow to Fast Earthquakes. Shikoku (Sep 2025).
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