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Weathering and alteration experiments of volcanic ash and pumice
In an oxidative environment

Nagisa Okabe* (Kumamoto Univ.), Hiroshi Isobe (Kumamoto Univ.)
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Sr isotopic variation of the CM1A core samples of Oman ophiolite
Masako Yoshikawa*, Tomoyuki Shibata (Hiroshima Univ.),

Asyraf Mohamed Aminuddin (Kanazawa Univ.), Ryoko Senda (Kyushu Univ.),

Tomoaki Morishita (Kanazawa Univ.)
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DWW, UKD Sr[RINIALL 2 H#EBI L T 5,
FkOHEEHWEIE LA, &5 4
Fern Yo N—5 4 P RfEER L 722Uk D Sr
EIR7 AR LI 87S/8Sr =0.7039~0.70421 TH -
72. T 5 DfHIZ Kawahataetal. (2001) 253K
¥ 7= F B E AR O S 7 m R BOK AR o fE
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Antigorite vein formation and fluid flow
in the crust-mantle transition zone in the Oman ophiolite
Kazuki Yoshida* (Tohoku Univ.), Atsushi Okamoto (Tohoku Univ.),
Ryosuke Oyanagi (Kokushikan Univ.), Masao Kimura (KEK)

Antigorite is high temperature polymorph of serpentine minerals. In contrast to the common occurrence
of antigorite within the ultramafic rocks within related to the subduction zone, it is still unclear its
formation conditions within the oceanic lithospheres and ophiolites (Cluzel et al., 2020; Rouméjion et
al., 2019). In this study, we report the multi-stage serpentinization and novel occurrences of antigorite
veins with brucite salvage in completely serpentinized dunite from the crust - mantle transition zone of
the Oman ophiolite, taken from Oman Drilling Project drill hole CM1A (Wadi Zeeb, Northern
Sharqiyah). Based on the mass balance and thermodynamic consideration, we discuss the time integrated
fluid flux during the antigorite vein formation during the obduction of the Oman ophiolite.

Along the hole CMI1A, the dunite in the crust-mantle transition zone (160-313 m) is
pervasively serpentinized with lizardite + brucite + magnetite (Yoshida et al., 2020). This earlier-stage
texture of serpentinite are cut by the distinct antigorite vein networks, that is continuous networks over
100 m by X-ray CT on Chikyu. Interestingly, the antigorite veins have the salvage of brucite, where
enriched in magnetite. The wormhole structure of magnetite shell and antigorite was observed in the
reaction zone, which could be act as fluid pathways in the process of forming the reaction zone. The relic
of the mesh-like texture of the earlier stage serpentinizaiton were preserved, suggesting the volume-
constant replacement during the reaction zone formation. The mass balance relationship indicates the
loss of'silica and gains of magnesium and water are required to form brucite salvage after lizardite. Given
the formation of the antigorite vein with brucite salvage at 350 °C and 200 MPa, thermodynamic
calculations revealed that (1) pH at reaction front was 5.85 (high compared to neutral pH (= 5.10)), and
(2) the time integrated fluid flux is estimated to be 2.3x10? m3(fluids) /m?(rock). Our results suggests
that substantial flow of the alkaline fluids occurred through fracture networks at the stage of the

obduction of the Oman ophiolite

Keywords: Serpentinization, Oman Ophiolite, Antigorite, Fluid flux

*Corresponding author: kazuki.yoshida.t4@dc.tohoku.ac.jp
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Submarine and subaerial metamorphism recorded in fluid inclusions of
carbonates in Wadi Dima serpentinite, Sultanate of Oman

Tomohiro Inukai

1" Tatsuhiko Kawamoto !, Marguerite Godard 2 (* Dept Geoscience,

Shizuoka

Univ., 2 Géosciences Montpellier, CNRS, Univ. Montpellier, France).

We report two groups of fluid inclusions in carbonates in veined serpentinites in Oman ophiolite
complex previously studied by Noél et al. (2018, Lithos): saline fluids (2.7% NaCl) in type 1
carbonates that were formed through submarine hydrothermal alternation, and pure water (0.1% NaCl)

in type 2 and 3 carbonates that were formed through continental alternation processes.

T~ T4 TA D RERCE I R R
DIRISFHEZET DB RN DD, ZIETIC R
D5 A FCE . PR R Sy Te LR & TE R AR
HIZE-CL REBEIX 3 DOXA TSN

TV % (Noél et al., 2018, Lithos) . 15D 434EIC
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B0 RO ERAIERIC KBRS Izb D
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WZEo TR ENTZRTH D, 2D AR D[R
FsE s Ao T8 A el A 2020 42 1 HiZqToh
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RN EERZ TR L= LT, R o Fi ik
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BT ~ > RIS ED | IREESE ST T2
TIVHART, 7 a ORI A OFAA
WHEMPEIUTE END, 488nm O FEL—H
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HIENEL, BOLNAXT NV ETHZ LT
LD, TR MK EFE TED,

~ A7 —F AN —{EEZ W T, A EA
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At =7 LGRS B W D SRR P 1

2.742.3 HEE%NaCl 4 & (n=5) THY, Type2
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Keywords: carbonization, fluid inclusion, salinity, microthermometry, serpentine,
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Estimation of vein-permeability structure based on

automated characterization of veins in the 3-D X-ray CT core images:

Application to the GT sites of the Oman Drilling Project
Yuya Akamatsu*, Ikuo Katayama (Hiroshima Univ.), Keishi Okazaki (JAMSTEC),

Katsuyoshi Michibayashi (Nagoya Univ.), The Oman Drilling Project Phase 1 Science Party
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ez av (GTH4 ) CElE N3
>0+ — (GT1,GT2,GT3) @ =2 7k X
B CT iR 5, a 7TiIcEg T s IRkEEy &
Z DR R AEcltd 2 FiEERXL, 2
T AR O RIEREIE DOHETE 1T - 72.
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LCT vein DIRiFERH 7 2 B/ 1E% b >W]
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Key words: vein, permeability, oceanic crust, X-ray CT, The Oman Drilling Project
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Dynamics Rupturing of Hydrothermal Vein Revealed in Ichinokawa

Breccia, Central Shikoku

Geri Agroli*, Masaoki Uno, Atsushi Okamoto, Noriyoshi Tsuchiya

(Graduated School of Environmental Studies, Tohoku University)
Breccias are distinct and prominent features in the fluid-saturated environment. Recently detailed
observation of breccia texture was used as a new tool for identifying paleoseismic slip, and fluid
velocity in the rock record. The Ichinokawa preserve an excellent
record of hydraulic induced brecciation, yet many aspects and the !
dynamics processes behind brecciation needs further investigation. :
Ichinokawa is situated in Central Shikoku, which was famous as a
stibnite deposit. The pelitic schist of the Sanbagawa metamorphic
belt host the deposit and the structural setting is mainly controlled by |
the Median Tectonic Line (MTL) which is located very close to this
area. Ichinokawa exhibits massive brecciation phenomena where
breccia underpins the formation of stibnite. Field observation shows §

that 2 types of breccia occurred in Ichinokawa on the basis of the &

il ; U i

particle size distribution (PSD). Type 1 consists of monomict FESSEEE w7 P

breccia with boulder size (>500mm) and is distributed at the bottom of the outcrop. While Type 2 of the

4/7‘:' o m pebble size (2-100mm) polymict breccia concentrated within the pipe or
7 dike ?? with a varying thickness/wide from Scm to greater 1m. The
breccia clast mainly composed of pelitic schist, and quartz. While matrix

comprised of rock-flour of ferroan-dolomite, quartz, muscovite, and
bx type 2

pyrite.

Fractal analysis indicates that there is a positive correlation between
pipe size and clast diameter. This suggests subsequent fragmentation

(communition) occur from bigger clast. Fractal dimension (Ds) also

PR (CHR LA indicates the changing of brecciation energy, From high energy
BALTWLS, o , . .

l dilatational breccia (type 1) to lower energy of attrition breccia (type 2).

This is also reflected in the smaller breccia size and continued fragmentation resulting in a more chaotic

clast texture. The last hydrothermal activity in this area is marked by precipitation of stibnite which cut
the former two breccia types as veinlet. The stibnite corresponds to the more acid hydrothermal fluid by

the presence of vuggy texture alongside the vein and host rock.

Keyword: Brecciation, Ichinokawa, Hydrothermal Breccia, Stibnite, Fractal Analysis
* Corresponding author: geri@geo.kankyo.tohoku.ac.jp
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Dissolution behaviors of sillcate minerals in the presence of

chelating agents under alkaline conditions
Jiajie Wang*, Noriaki Watanabe, Noriyoshi Tsuchiya (GSES, Tohoku Univ.)

The dissolution behaviours of silicate minerals have been considered by a lot of studies in part due
to their potential to aid in carbon storage. Acid conditions are usually applied to promote silicate
minerals dissolution; however, the dissolution is easily suppressed due to the formation of silica-rich
surface layers as a result of the incongruent dissolution of cations and Si. Due to the strong ability to
bind metals at acid to alkaline pHs, chelating agents are used in this study to investigate their potential
in promoting silicates dissolution under alkaline conditions. The dissolution behaviours of olivine and
basalt in the presence of chelating agents N,N-Dicarboxymethyl glutamic acid tetrasodium salt (GLDA)
and hydroxyethylethylenediaminetriacetic acid (HEDTA), will be clarified through experiments.

Experimental results found a significant enhancement in olivine and basalt dissolutions in the
presence of either GLDA or HEDTA. For instance, the including of 0.3 M GLDA and 0.3 M HEDTA
promoted Mg extraction from olivine by 11.3 and 14.6 times in 120 min, respectively; at the same time,
Si extractions were also enhanced by ~27 times (Fig. 1). These values can further increase with
temperature and reaction time. Moreover, the (Mg+Fe)/Si atomic ratios in extraction solutions with
chelating agents were lower, for instance, 1.74 in 0.3 M GLDA solution, while that in Milli-Q water
extraction solution was 3.96 (Fig. 2). The low (Mg+Fe)/Si ratio may suggest the suppressed formation
of silica-rich layers, which is consistent with SEM observation that Si was not enriched on the surface
of the mineral after reacting with GLDA.

Basalt dissolution experiments suggest that GLDA and HEDTA have favoured different elements
extractions. GLDA has a better performance in extracting Ca and Si than HEDTA, while HEDTA is
more suitable for Mg, Al and Fe extraction. Therefore, a mixture of GDTA and HEDTA solution with
certain ratios is suggested for basalt dissolution. No significant changes in mineral compositions during
extraction process using chelating agents implies the simultaneous consumption of minerals in basalt,
i.e., pyroxene, feldspar, olivine, etc.

-7
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Fig. 1 Fluid chemical compositions after reacting with  Fig. 2 (Mg+Fe)/Si ratio in solution after reacting with
olivine for 120 min at various conditions (pH=9).  Milli-Q water or GLDA solutions (50 °C, 120 min, pH=9).
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Evaluation of dynamics of crustal fracturing and fluid flow revealed by
static and petro-equilibrium analyses.
Diana Mindaleva* (Tohoku University), Masaoki Uno (Tohoku University),

Takayoshi Nagaya (The University of Tokyo), Noriyoshi Tsuchiya (Tohoku University)

Fluid flow in the crust promote hydration reactions, and changes rheology of rocks. Fluid
pressure rise cause rock fracturing and permeability enhancement allowing fluid infiltration. Such fluid
activity is related to shear fracturing and can possibly induce earthquakes generation (e.g., Katsumata
and Kamaya, 2003; Obara et al., 2004). However, quantitative constraints on fluid fluxes associated with
shear fracturing are limited, particularly regarding its temporal and spatial heterogeneity. Therefore, it is
important to estimate amount of fluid fluxes to understand roles of fluids in earthquakes triggering. We
constrain fluid fluxes by thermodynamic modeling of fluid chemistry in the metamorphic fluid-rock
reaction zones and discuss their relation to potential seismic events based on shear fracturing evidence.

We investigated reaction zones in hydrated metamorphic rocks samples from the Mefjell and
Brattnipene Ser Rondane Mountains (SRM), East Antarctica. Several amphibolite- and granulite-facies
(0.3-0.65 GPa, 400-740°C) millimeter-scale hydration zones provide information on duration and
hydraulic parameters of fluid infiltration. Here we analyse samples underwent rapid hydration (~10 h)
and permeability evolution from low-permeable (~102*~1072° m?) to highly-permeable rocks (~10~°—
107® m?) related to crustal fracturing at depths around 10-20 km (Mindaleva et al., 2020). We used these
estimations to calculate fluid fluxes in the reaction zones and through the fracture.

We present new methodology based on alteration processes in the reaction zone estimating
the fluid volume required to induce fluid-driven seismic activity via coupled reactive-transport
modelling and thermodynamic analyses. To evaluate the moment magnitude of potential seismic events
we apply two approaches, based on estimated fluid volumes (10 to 10* m®) and on the shear fractures
characteristics, such as slip geometry. We find that moment magnitudes, short fluid infiltration timescales
(~10 h) are comparable to some tremor and/or slow-slip events within continental crust. Our observation
corresponds to the depth of ~10-20 km, and are shallower than source region of tremor and slow-slip
events (~plate interface depth). Thus, we conclude that large amount of fluid transported over short
timescales through the single fracture may be widespread mechanism to generate crustal fracturing and
induce seismic activity above source regions of tremor and slow slip events in the lower—middle crust.
References: Katsumata, Akio, and Noriko Kamaya. Geophysical Research Letters 30.1 (2003): 20-1.
Obara, Kazushige, et al. Geophysical Research Letters 31.23 (2004).

Mindaleva, Diana, et al. Lithos 372 (2020): 105521.
Keywords: fluid flux, hydration reaction, reaction zone, crustal fracturing
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Poroelasticity-driven cementation of dehydrating rocks: Implications for
dawn-dragged fluids in subduction zones
Wakana Fujita,” Michihiko Nakamura (Earth Sci., Tohoku U.), Kentaro Uesugi (SPring-8, JASRI)
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Synthesis of fluid inclusion under moderate hydrothermal conditions
and determination of protein
X. Chen, J. Wang, N. Hirano, N. Tsuchiya
(Graduate School of Environmental Studies, Tohoku Univ.)
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