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Geo-environmental systems driven by fluid-rock reactions Professor

Atsushi Okamoto
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In geo-environments, fluids facilitate chemical reactions and mass and energy transfer, and fluid—rock reactions have a significant effect on human

society, including global geochemical cycles, surface environments, and resource formation. In this year, we have clarified the mechanisms of

continuous fixation of carbon dioxide in rocks by laboratory experiments and have validated the mechanisms through field investigations. For

supercritical geothermal resources, one of the next-generation energy resources, we have developed a method to evaluate reservoir temperature from

drill samples, and we are trying to understand pore-generation mechanisms under supercritical reservoirs by laboratory experiments. We are also

investigating the mechanisms of elemental transport, mineral precipitation, and energy generation in submarine hydrothermal deposits through cruise

field surveys, thermal electromotive force measurements, hydrothermal flow-through experiments, and machine learning.
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Fig.1 X-ray CT Image of the experimental products showing
reaction-induced fracturing during volatile-consuming reaction.

Self-accelerated CO, fixation in mantle rocks

In nature, COs is fixed in rocks and circulates in the Earth's interior. To
understand the mechanism of CO, fixation in the geosphere and to
develop technologies to reduce atmospheric CO,, we are conducting
research based on laboratory experiments and field studies. Laboratory
experiments using MgO, an analogue of mantle rocks, have revealed that
CO; fixation is accelerated by the volume increase of reactions that
absorb water and carbon dioxide, causing cracks and increased
permeability (Fig.l; press release January 18, 2022). Field studies,
including the Oman Ophiolite, have shown that fracture-associated CO,
fixation processes occur even on large-scale mantle rocks exposed at the
Earth’s surface (Fig.2).

Subducting carbon also affects the Earth’s interior. Reaction experiments
simulating the deep subduction zone have shown that water and CO, are
fixed at the crust-mantle boundary with large elemental transfers. In
addition, the global elemental cycle linking the surface and the Earth’s
interior and the relationship between CO, fluid and earthquake occurrence
are being investigated (Grant-in-Aid for Scientific Research [S]).

Fig.2 Field work on carbonate veins in serpentinites
within the Oman ophiolite (Jan 2023).
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Fig.4 Workshop on water-rock interaction at
Utrecht University, Netherlands (Nov 2022).

Fig.3 Temperature profile estimated by petrological
thermometry along the well of the Kakkonda geothermal field.

Supercritical geothermal resource and
porosity formation induced by fluid-rock
reaction

Petrographic thermometry was applied to core cuttings samples from
drilling in the Kakkonda geothermal field. As a result, we succeeded in
obtaining highly accurate and continuous temperature profiles
suggesting the effects of heat conduction and convection (Fig.3). This
method is expected to be applicable as a highly accurate and simple
method. Furthermore, we are conducting high temperature hydrothermal
experiments, and we have revealed the reaction conditions and
mechanisms to produce porosity in the supercritical geothermal
reservoirs. International collaborations with Utrecht University (the
Netherlands) and the University of Maryland (United States) are
underway to investigate the linkage between nanoscale to field-scale
structures in rocks and element transport associated with fluid reactions
in the crust (Fig.4).

Fluid-rock interaction at seafloor
hydrothermal systems and resource
formation

Submarine hydrothermal systems, of which there are many in the seas
around Japan, are attracting attention as a source of energy that supports
unique ecosystems as well as creating important metal deposits such as
rare metals. Chimney and hydrothermal samples were collected during a
research cruise around the Ogasawara Islands by the Shinsei Maru (Fig.5).
Analysis of chimney and black ore samples revealed that sulfide chimneys
have semiconducting properties that vary with the constituent minerals and
chemical composition. Furthermore, hydrothermal experiments on quartz
grains in black ores revealed that they formed via the formation of
metastable minerals as a result of changes in water density.

In addition, we experimentally found that the generation of hydrogen
energy associated with iron oxidation varies systematically with
temperature and lithology in the hydrothermal circulation of the ocean
floor, and we clarified that element-selective dissolution and fixation
occur with seafloor hydrothermal alteration by using machine learning.
[Awards: J. Sugioka (M2): Best Student Presentation Award, JpGU, June
6 2022, M. Takahashi (M1), S. Matsuno (D1): Presentation Award,
GSES, October28 2022]

Fig.5 Elemental map of the cross section of
Chimney from the Myojin Caldea taken from the
scientific cruise to the Ogasawara (Aug 2022).
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