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Fluid-driven dynamics of the geosphere: Professor

resource formation and decarbonization processes Atsushi Okamoto
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Our research group focuses on rock—fluid reactions and the transfer of energy and materials in geospheres. We are conducting studies on a wide range
of topics, aiming to deepen our understanding of and enhance the utilization of the crust, including the relationship between earthquakes and fluids,
carbon dioxide (CO-) mineral sequestration, supercritical geothermal resources, natural hydrogen, and submarine hydrothermal systems. We conducted
hydrothermal experiments on the relationship between silica precipitation—fracture sealing related to earthquakes and on the formation of silica sealing
layers in supercritical geothermal systems. By analyzing the chemical state of iron in ultramafic rocks, we investigate the spatial distribution of hydrogen
energy generation. Additionally, we have elucidated the mechanisms of CO, mineral sequestration associated with reaction—induced rock fracturing
through experiments and modeling. Furthermore, our experiments and thermodynamic calculations suggest that subducted carbon significantly
influences the frictional behavior at the plate boundaries. We also conducted the experiments and analyses on replacement reactions of sulfide chimneys
in submarine hydrothermal systems, demonstrating the potential emergence of thermoelectric conversion performance during chimney development.

Fluid-rock interaction within the crust:
earthquake, supercritical geothermal systems
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that a transition from silica dissolution to precipitation occurs just above
the supercritical geothermal reservoir, forming a relatively thin

impermeable sealing layer (Grant-in-Aid for Scientific Research (S))
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Fig. 1 Fluid-pressure oscillations caused by silica precipitation.

Fig. 2 X-ray CT images showing reaction-induced fracturing of MgO aggregate.
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Fig. 3 Thermodynamic calculations of CO; storage
and talc formation along the subduction zones.

CO2 mineralization within mantle rocks

To proceed CO, mineralization, it is important to supply CO; fluids into the
rock body continuously. We conducted carbonation experiments using
natural serpentinite and demonstrated that reaction itself induces fracturing
(reaction-induced fracturing; Fig. 2). Through numerical modeling of
reaction-transport processes, we showed that the interplay between
reaction and material transport rates generates local supersaturation,
leading to reaction-induced stress. Additionally, reaction experiments
using MgO sintered aggregate, an analog material, indicated that although
fluid-rock reactions like carbonation may initially proceed very slowly,
they can dramatically accelerate under certain conditions through feedback
mechanisms involving reaction, fracturing, and fluid flow. We also applied
the topological analyses to crack and porosity patterns formed through
fluid—rock interactions for understanding “movement” from the “shape” of
the rock textures (Scientific Research (S)).

Thermoelectric conversion and hydrogen
generation at the deep-sea floor

On the deep-sea floor, hydrothermal fluids exceeding 200°C are
discharged, forming chimneys composed of sulfides. By conducting
measurements of electrical conductivity and the thermoelectric power of
chimneys collected from the Izu—Ogasawara region, we found that
during a specific period of chimney growth, layers composed of copper
and iron sulfides are formed, exhibiting thermoelectric conversion
properties that transform heat into electricity. Furthermore, we conducted
the experimental studies on the effects of conductive film formation by
sulfide replacement reactions on the electrical properties of the chimneys.

When mantle rocks react with water, iron is oxidized while water is
reduced, generating hydrogen. This hydrogen energy holds promise both
as a resource and for supporting subseafloor biospheres. This year, a
method for evaluating the chemical state of Fe in serpentinite, which
comprises multiple Fe-bearing minerals, was established using the
analyses of X-ray absorption near edge structure. Based on drilled
samples from Oman ophiolite in the Middle East, the distribution of
Fe(I11) in the cross-section of the oceanic crust was clarified, enabling an
assessment of the hydrogen-generation potential.
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Fig. 4 International symposium: Serpentine Days, Granada, Spain (Sep 2024).
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