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Geo-environmental systems driven by fluid-rock reactions Professor
Atsushi Okamoto
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In the 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 our laboratory, we focus on the reaction of rocks and energy
as well as mass transfer through “fluids” in the crust and mantle and conduct fundamental research on the development of supercritical geothermal
resources and hydrothermal deposits, and H.O and CO, fixation and circulation processes as well as their effective utilization. In addition, we examine the
mineral dissolution and precipitation in faults and fractures and the relations between fluid and earthquakes. Furthermore, we are attempting to extract
information on dynamic systems in geo-environments through data-driven analyses and numerical modeling of geo-environmental materials (rocks and

fluids) that are characterized by multidimensional chemical composition and complex spatial structure (textures).
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Fig.1 Porosity generation during the replacement of feldspar in metamorphic
rocks in the Kinkasan Island. Right = BSE image, Left = FIB-SEM.

Geochemistry of supercritical geothermal
resources and formation of hydrothermal
ore deposits

For sustainable development and utilization of supercritical fluid resources,
it is necessary to evaluate geochemical properties of geothermal fluids. In
2021, we implemented the thermodynamic data of dissolved species in the
low-density region into the geochemical calculation software, modeled the
fluid chemistry during depressurization and cooling, and clarified the
formation mechanism of corrosive low-pH fluids. We also found a large
amount of microporosities in plagioclase grains around a plutonic body.
Laboratory experiments revealed the porosities are formed by hydrothermal
alteration of feldspar under certain fluid chemistries, suggesting a new
mode of fluid existence in supercritical geothermal reservoirs (Fig.1).

We have analyzed the shape of bipyramidal quartz particles and fluid
inclusions in the chimney of the black ore deposit and have found that
hydrothermal fluids above 300°C were ejected at the seafloor at a rate of
several cm/s to several tens of cm/s. In addition, we conducted hydrothermal
flow-through experiments simulating a hydrothermal vent and clarified the
processes of silica particle formation, growth, and transformation into
quartz particles in the ascending fluids. [Award: J. Sugioka (M1) JpGU
Best Student Presentation Award, June 6, 2021.]

Fig.2 XAFS analyses at KEK (Tsukuba), and Fe*'/Fe*" map
of serpentinite from the Oman ophiolite).
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Fig.3 Field excursion of the Sanbagawa belt,
Shikoku (Aug. 2021).

Fig.4 Analyses of element transport of oceanic
crust and metamorphic rocks revealed by
machine-learning approaches.

Processes of water and carbon dioxide
fixation into rocks

Fixation of water and carbon dioxide in rocks is an important process that
has a significant impact on the global geochemical cycle and surface
environments. In this fiscal year, isotope analyses of mantle rocks obtained
from the submarine survey of the Ogasawara Trench by the Shinkai 6500
revealed carbon dioxide has been fixed by the circulation of seawater over
tens of thousands of years. Analyses of mantle rocks from the Sanbagawa
metamorphic belt revealed the origin and fixation processes of carbon
dioxide in the mantle wedge in the subduction zone, suggesting it may be
related to slow earthquakes [Press release issued 3 August 2021 and 3
December 2021.]

It was not clear how the fluid-consuming reactions of H,O and CO; could
be sustained in the subsurface where porosities are limited. By
hydrothermal flow-through experiments of sintered MgO, we have
successfully demonstrated that fluid-rock reactions can fracture rocks
and promote fluid flow. These results are expected to be applied to the
technologies for efficient fixation of carbon dioxide. [Press release issued
18 January 2022.]

Mass transport and energy generation
associated with fluid-rock reactions

Fluid-rock interactions involve significant mass transfer. By analyzing the
reaction zones around mineral veins in the Oman ophiolite, we estimated
the timescale of fluid transfer from the process of the silica dissolution
triggered by infiltration of hydrothermal fluids. We also investigated the
effects of temperature and silica for hydrogen energy generation during
mantle alteration by mapping and magnetic measurements of Fe(Ill) in
seafloor rocks and experimental products (Fig.2).

A machine-learning model developed last fiscal year, which is trained on
basalt chemical compositional data, was applied to seafloor-altered rocks
and subduction zone metamorphic rocks, and it revealed a large amount of
mass transfer had occurred during certain reaction stages (Fig.4).

[Awards: S. Tanaka (M1): Best Student Presentation Award, JpGU, June 6
2021, Best Poster Award, GSJ, September 4 2021; K. Yoshida (D1): Best
Presentation Award, JAMS, September 18 2021.]

Metamorphic rocks
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Fig.5 Best Poster Award at the 3" Academic Forum

Sugioka (M1)).
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