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We specialize in investigating fluid-rock reactions and the transport of energy and materials within the geosphere. Our research encompasses the
correlation between earthquakes and fluid dynamics, the mechanisms behind geothermal resource and seafloor hydrothermal deposit formation, and
the mineralization of carbon dioxide. In the current year, our findings include the identification of evidence showcasing short-term fluid flow from
rocks in both the mantle and continental crust, implying a connection between fluid activities and seismic events. Through successful laboratory
experiments, we observed reaction-induced fracturing during the carbonation of natural rocks. Moreover, our research indicates that the circulation of
carbon dioxide significantly influences the frictional behavior in subduction zones. We also demonstrated the crucial role of transient porosity resulting
from the hydrothermal alteration of minerals in the development of geothermal reservoirs. Additionally, we highlighted the semiconductor properties

of sulfide chimneys in seafloor hydrothermal systems, suggesting the potential for power generation phenomena on the seafloor.
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Timescale of fluid activity within crust
and its relation to seismicity

Although it has been believed that fluids exist in the crust and subduction
zones and that increased fluid pressure triggers earthquakes, there has
been little geological evidence to date. We analyzed the reaction zones
around mineral veins (fracture fossils) in mantle rocks exposed in the
Sultanate of Oman and showed that fast fluid flow occurred in the mantle
wedge within the subduction zone in a short period of several months,
suggesting a relationship with slow earthquakes observed in the
subduction zones (Fig. 1; Press release April 6, 2023). We also found
petrographic evidence of short-term fluid flow in continental crustal
rocks in Antarctica and discussed the relationship between the magnitude
of intra-crustal earthquakes and the amount of fluid supplied to the crust.

Enormous amounts of carbon are brought into the Earth’s interior with
plate subduction. Based on high-temperature and high-pressure reaction
experiments and thermodynamic calculations that reproduce the crust-
mantle boundary in subduction zones, we show that CO, plays an important
role in the formation of talc that weakens the plate boundary, and we
discuss the global carbon cycle that links the surface environment and the
dynamics of the Earth’s interior. (Grant-in-Aid for Scientific Research [S])

TR & 5 ERMWIR & ERRER
W AT IE & " BRLIRRIBYEE IS T B 1% E]

RERBEOBERRIRILF—EUTHRFINTWSBER RS
BRI Y 2lcolc. BRAMBMTORRETHDIEMEDIY
ORZEROEFEEREZ X # CT THMICHAN, RAEDHKEEI|IC
LBERE, BREEHRLCRICERENT 72y NIDZERAS
BILFELTWS I EZBESNIC U, S5 RADEHEICLS S
Ky ERERBRETHEI S EICHIL (Fig. 2). Z0R%
MBEAZOT 7O—FTER v 75 UE—- 30 LTWVWS,

“RUCRREHPICIEYEEY Bcohicid. BEERERERMEMT
BRGETUNNCREZRFIDDDRROEETH S, NETT
FOTYETUNRED B ST RIGBEBIRICOVWT, RNEFE
lF. ZEVYYMNLER (IBiE) ZAVWCRIDERZTV. T9E
ICERBIBEENES CLIC LD, RAEADREN RIS =EFT
Ufco BV T, PRUAFERRE. MERKRE TORNEHDOHAED
EHTWE, Koo FEEL. WA REXRZZOHEHAT2H
eRRIGEBEZRAEL. RAEZRINT ZEBERRISOETH I
BERERBICEZZ 71— RNy VDR ZEDTc, (JSTAIFK
MEZIEEE, RIAEERMR ().

BERKRICETDHEEN EKRER

BREBICHEZEETDIBREIKRIE. LIPAIIREDEE
REBIMKRZEDIEEBIC. REBERRERZDZIRILF—RE
LTHEEESNTWS, BKBEHINSERUFLAZ—DEEE
BESEMEZHAN. EPOMNTFOLABRESENSTR LD
5lc, AEDEBENERTEIETBIBRIED LT, RAEX
BENRIRIZCEZRH U,

Flc. BADYYNUITEBEUTER UCIBIE D Fe DEF R
BICOWT X BT LD 2RTAA—I VI ICHINL., EEERR
DRIGICE > THRDBILICHESKBRIRILF—RENToTVWBS
EZASHMIT LT,

Fracturing and Pore Formation in rocks induced
by Fluid Reaction: Roles on Geothermal
Reservoirs and Carbon Mineralization

To evaluate supercritical geothermal resources, we analyzed the
morphology of microporosities in the granite of the Kakkonda geothermal
field by X-ray CT and revealed a large amount of voids due to the
hydrothermal alteration of feldspar and faceted voids formed during
granite crystallization. Furthermore, we have succeeded in observing
transient porosities caused by feldspar alteration in laboratory experiments
(Fig. 2) and characterize their shapes using a topological approach.

The biggest problem for the mineral fixation of carbon dioxide in the
ground is how to maintain flow paths in reactions that increase solid
volume. Reaction-induced fracture was demonstrated this year in reaction
experiments using altered mantle rocks (serpentinite), showing that the
heterogeneous progress of carbonation leads to fracturing. We conducted
the field survey of serpentinite bodies in Mongolia, the western United
States, and Shikoku. We developed a new reaction apparatus for the in-situ
measurement of volume change, stress, and permeability to study the
feedback of the progression of the fluid-absorbing volume expansion
reaction on fracture and fluid flow. (JST FOREST, Grant-in-Aid for
Scientific Research [S])

Thermoelectromotive force and hydrogen
production in submarine hydrothermal systems

Numerous submarine hydrothermal systems in the seas around Japan have
attracted attention as a source of energy that supports unique ecosystems
as well as creating important metal deposits such as rare metals. We
investigated the structure and electrical properties of chimneys collected
from hydrothermal vents and found that after a porous aggregate of sulfide
particles is formed, a substitution reaction proceeds as the internal
temperature rises, resulting in thermoelectric performance.

In addition, we succeeded in the two-dimensional imaging of the chemical
state of Fe in serpentinite formed by seawater seepage into the mantle by
X-ray analysis and revealed that hydrogen energy generation associated
with the oxidation of Fe occurs through a multistep reaction.
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Fig. 1 Timescale and velocity for fluid-flow in mantle wedge
and its relation to slow earthquakes.
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Fig. 2 X-ray CT images showing porosities produced during the
feldspar alteration (left) and their topological analyses (right).

Fig. 3 Field work of Bayonhonbor ophiolite in Mongolia (July 2023).

Fig. 4 Poster presentation at the annual meeting of American Geophysical Union,
San Francisco, USA (Dec 2023).
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