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[7&3C] Yoshio Kono, Koji Ohara, Nozomi M.
Kondo, Hiroki Yamada, Satoshi Hiroi, Fumiya
Noritake, Kiyofumi Nitta, Oki Sekizawa, Yuji
Yoshinori Hirokatsu Yumoto,
Takahisa Koyama, Hiroshi Yamazaki,
Senba, Haruhiko Ohashi, Shunji Goto,
Inoue, Yujiro Hayashi, Kenji Tamasaku, Taito
Osaka, Jumpei VYamada, and Makina Yabashi,
Experimental evidence of tetrahedral symmetry
breaking in Si0; glass under pressure, Nature
Communications, 13, 2292,
doi. org/10. 1038/s41467-022-30028-w, 2022.
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[#x] Noriyoshi Tsujino, Daisuke Yamazaki,
Yu Nishihara, Takashi Yoshino, Yuji Higo,
Yoshinori Tange, Viscosity of bridgmanite
determined by in situ stress and strain
deformation

8(13), doi :

measurements in uniaxial
experiments, Science Advances,

10. 1126/sciadv. abm1821, 2022.
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7/15 “Sound velocities of aluminum bearing Fe—
rich bridgmanite at high P and T”
Dr. Steeve Gréaux (Assistant Professor,
GRC)

7/29 “The stability of hydrous SiO, stishovite
in the deep mantle”
Dr. Goru Takaichi (Ph.D. student, GRC)

S BEDEE
#5690 “Linear analysis on the onset of

thermal of highly
with variable

convection
compressible fluids
viscosity and thermal conductivity in
spherical geometry: Implications for
the mantle convection of super—Earths”
Dr.
GRC)

(Professor,
2022. 3. 11

Masanori Kameyama

#570[E] “An ab initio approach to the lattice
dynamics of cubic CaSiO; perovskite”

Dr. Haruhiko Dekura  (Assistant

Professor, GRC) 2022. 3. 25
#5718 “Reaction and partitioning of water

between liquid metal and molten

silicate”

Dr. Taku Tsuchiya (Professor, GRC)

2022.4. 15

H572[A] “Limitation of Fe oxidation in chlorite”

Dr. Sayako Inoué (Assistant Professor,
GRC) 2022. 5. 20

#573[0] “Ul trahigh—-temperature and high—pressure
experiment for  determination  of
nitrogen isotope fractionation during
Earth’s core formation”

Dr. Ko Fukuyama (JSPS Postdoctoral
Fellow, GRC) 2022.6. 10

“Redox disproportionation of Fe* in
during

#5574[A]

a deep magma ocean core
formation”
Dr. Hideharu

Professor, GRC)

(Assistant
2022.6. 17
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Marisa Wood
(FERNEANFIHAEE)

I graduated
from University
College London
with a PhD in
mineral  physics
in 2021, where I
focused on the
physical

properties of iron gggJ
and iron alloys

at high temperature and pressure conditions
relevant to the cores of the Moon and small
terrestrial planetary bodies. Thought to have
formed from the Earth, the Moon has a similar
structure and composition to the telluric

planets; however, its deep interior remains



controversial due to a lack of resolution
below ~1,200 km as there is an absence of
observed shear wave arrivals from the farside
of the Moon. Seismic models,
siderophile partitioning, and the presence of
palaeomagnetic fields indicate that the Moon
possesses a small molten or partially molten
core and favour an iron core alloyed with
light elements. In contrast, Mercury has a
large core of ~80% of its radius with the
pressure gradient potentially leading to a
very complex layered structure dependent on
the interplay between the melting curve of
the core composition and the adiabat as the
combination of

core crystallises. A

computational and experimental techniques

were used to 1investigate the physical

properties of the cores of Moon and Mercury

including ab initio static and ab initio
molecular dynamics simulations, in situ
multi-anvil press experiments using

ultrasonic interferometry, and laser—heated

diamond anvil cell experiments.

I arrived here in May 2022 and continue to
work on the deep lunar interior, focusing on
the lower mantle. The lack of
resolution surrounding the deep mantle and

lunar

core could be attributed to the attenuation
of seismic waves as they pass through this
region and models suggest that there is a
layer of partial melt in the deep mantle
surrounding the  lunar
constraints on this region sound velocities
in candidate materials must be determined

core. To  draw

from experimental methods and computational
simulations which are then compared with the
observed seismic data, of particular interest
are in situ  multi-anvil ultrasonics
experiments which will be carried out to
velocities in relevant

determine sound

compositions.
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< Sound velocity of partially molten rocks

P- and S-wave velocities are unique tools
which we have to explore the bulk chemical
composition and structures of the
inaccessible deep Earth, by comparing high
pressure physics data with
seismological observations. Such approaches
have been interpreting the
Earth’s interior (e.g. Irifune+ Nature 2008;
Gréaux+ Nature 2019) and is now applied to
Martian compositions to interpret InSight
seismic data (Xu+ GRL 2021). However, despite
the extensive seismic surveys and numerous
laboratory studies, mineral physics data
still cannot explain a number of seismic
discontinuities and scatterings
at multiple depths across the globe (Ballmer+
Nat. Geo. 2015, Waszek+ Nat. Comm. 2016). A
few pioneering studies proposed to explain
some of the discrepancies at the 410 km and
660 km depth discontinuities by the presence
of partial melt (Schmandt et al., Science
2014; Chantel+ Sci. Adv. 2016; Manthilake+
Nat. Comm. 2017, Miner. 2021) but their
results, due to the limited information on
the rock and the
distribution of melt heterogeneities,
permit to establish physical models and hence
it is still difficult to fully interpret

mineral

successful 1in

widespread

velocities nature and

do not



seismic observations in terms of mantle
composition, structure and dynamics
Our current research project

evaluating and quantifying P- and S-waves

aims at

velocities of inhomogeneous rock aggregates
under simultaneous high pressures and high
temperatures. investigating
velocities upon partial melting in silicate
systems can be technically challenging, we
start this project
approach and investigated the

Because sound

chose to with more
simplistic
sound velocities of olivine + FeS aggregates,
as an analog to the partially molten mantle
rock. The ultrasonic experiments were carried
out by situ

means of in ultrasonic

interferometry, X-ray radiography and X-ray
diffraction techniques at high pressure and
high temperature in the 1500—-ton multianvil
apparatus SPEED1500 located at the
BLO4B1. All
conducted continuously, in one heating ramp,
upon melting of FeS in the silicate rock

matrix by means of an automated flipping slit

press

beamline measurements were

system and a time-resolved data acquisition

software newly developed in collaboration
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with beamline scientists at BL04B1 (Kono+
High P. Res. 2021). Figure 1 shows an example
X-ray diffraction patterns
collected at 15 GPa, upon melting of FeS, in
wadsleyite + 5 wt.% FeS while Figure 2 shows
the corresponding P- and S-wave travel time

of successive

(tP and tS, thereafter) as a function of
increasing temperature
A parallel analysis of the X-ray

diffraction data and travel time measurements
permitted to clearly interpret the physical
changes in the sample as temperature
increased. The first travel time decreases
at ~750°C corresponded to the release of
deviatoric stress, which is completed after
heating for about 30 min, while the second tP
an tS decrease at T > 800°C corresponded to
the gradual disappearance of olivine from the
starting material. At T higher than 950°C,

the sample consists of wadsleyite +
FeS(solid), which is confirmed by XRD data
and the tP and tS first plateau. At ~1025C ,
FeS started to melt,
by a gradual increase of tP and tS and the
disappearance of FeS peaks as well as an
increase of the XRD background. At T ~1200°C
both tP and tS reached a second plateau where
they do not further increase with increasing
T, hence suggesting FeS is completely molten.
These preliminary results show that it is
possible to quantify the effect of
heterogeneities on the velocities of rock
samples while differentiating solid and melt
heterogeneities. We plan in the future to
apply those techniques to the investigations
of more inhomogeneous samples with varying
components and melt
composition and combine this information with
spatial distribution and aspect

analyses of the melt heterogeneities.

which is characterized

silicate matrix
ratio
This
new information will be used to establish
physical models that can be applied for
interpreting regions of partial melting in
the Earth’s interior such as the top of the
410 and beneath the 660, as well as to confirm
or disprove the proposed existence of partial
melting at the core—mantle—boundary of the
Moon (Weber+ Science 2011; Khant+ J. Geophys
Res. 2014), and Mars (Samuel+ J. Geophys. Res
2021). (Steeve Gréaux)
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The study
of matter at
extreme
pressure and

d temperature
ma_jor
activity at
' the two X-

ray absorption beamllnes ID24 and BM23 of the
ESRF, aiming at solving open questions in

is a

research areas such as Earth and material

sciences and fundamental physics. This
activity is strongly based on  the
availability of nano—polycrystalline

diamonds (NPDs) developed at the GRC (Ehime
University) by Prof. T. Irifune. Presently,
NPDs are the best anvil material that enables
the efficient and reliable collection of
extreme condition X-ray absorption data.
Since 2012, this collaboration between ESRF
and GRC has resulted in 44 joint articles,
several of them appeared in very high—impact



journals [1-3].

This strong and successful collaboration
has also been central for further developing
the at these
beamlines as part of the ESRF’supgrade to the
Extremely Brilliant Source (EBS) - the first
4th generation hard-synchrotron facility,
which has been operational since July 2021.
These upgrades have greatly improved the X-
ray beam focusing capabilities (down to
submicron) and photon flux (up to 1014
ph/sec). Both are key factors for producing
high quality data from materials subjected to
extreme conditions

extreme condition program

Measurementis conducted inside a DAC equipped
with NPDs at high P/T. Note, that before EBS only
K-edges above 10 kel could be probed.
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By working closely with the GRC, these
instruments now offer unique opportunities
for XAS studies at extremes. For example, the
detection level of highly diluted elements
contained in the diamond anvil cells (DAC)
equipped with NPDs could be
increased by more than one order of magnitude
at BM23 using pXRF. High—quality long-range
EXAFS data could be recently acquired from
diluted elements (several 100 ppm) contained
in a DAC equipped with NPDs with a signal
quality comparable to that of a measurement
at ideal conditions (sample pellet at ambient
conditions having an appropriate absorption
thickness). the and
local atomic structural environment of low—Z

at extremes

Moreover, electronic

elements, such as Fe, are now accessible up
to the megabar pressures, which were
previously obscured by the high-signal

absorption of diamond.

New challenges in this field of research
are currently addressed in collaboration with
colleagues at the GRC. For instance, these
concerns the realization of XAS measurements
in the multi-megabar range, which require

special diamond designs, such as toroidal

10

DACs developed at CEA, France or double—stage
DACs developed at GRC (Dr. T. Sakai) [4].
Multi-megabar XAS measurements have been
already achieved at SPring—8 in Japan and are
foreseen at BM23/ID24 in collaboration with
GRC and the University of Hiroshima (Prof. N.
Ishimatsu) [5]. Another major challenge in
this field improving  the
impermeability of NPDs to light gases such as

relies on
H and He. These gases permeate easily between
grain boundaries of NPDs and reduce their
stability, leading to their failures.
Resolving both would
accessing new landscapes
extreme conditions using XAS as a probe of
the electronic and local atomic structural
of matter. the
behavior of hydrogen in compounds at extremes
(superhydride—superconductors, H-storage
materials or deep Earth materials) would
and/or
matter could be studied at near ideal and

challenges allow

of research at

properties For example,

become accessible more generally
quasi-hydrostatic conditions yielding data of
highest robustness. (Dr. Angelika D. Rosa &

Dr. Olivier Mathon, ESRF BL23/1D24)
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