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Message from the Director

Almost a year has passed since I become the
position of director of the Institute for
Planetary Materials in April 2022, and I have
been busy working on many issues. Looking
around again, it's been a year since Russia's
invasion of Ukraine, and the transition to the
post-COVID-19 pandemic has not progressed,
making it difficult to foresee the future. In
the midst of this, our Institute 1is
strengthening its personnel system, and has
decided to hire an associate professor who
will conduct high-pressure experiments using
a large-volume press, a super technician, and
a tenure-track assistant professor who will be
in charge of DAC experiments. The
reinforcement and rejuvenation of the
experimental physics line-up is progressing
smoothly. At the same time, we are also
proceeding with an attempt to form a new
direction and framework by discussing the
future vision of our institute 10 or 20 years
from now. In the future, as a joint-use
research center, we will seek a direction in
which we can more effectively return our
achievements to a wider society, and will
work to create new academic fields through
more joint research. In addition, three years
have passed since the pandemic of the new
coronavirus, the acceptance of overseas joint-
use researchers is becoming normal under
the with-corona measures. We will continue
to support all of our staff as we aim for
recovery. We have taken the COVID-19
pandemic as a good opportunity and have
established a framework for remote
operations, measurements, and proxy
experiments, so we will expand our role as a
joint-use institute even more than before the
pandemic.

Takashi Yoshino
Director, Institute for Study of Planetary
Materials, Okayama University



OHBIBERR co23F2 81 BEE

tHRERPI

(REVMBERRIFEEM]
SOEREYM BRI D E

g IEE (3 - BIfTR)

WIS BEX (%)

FO  EEN CERER)

W % CHERUR - BIFTR)
REREMBEDEF

FEH B (3R - R

e KB CHEZUS)
[BREY 2T LRIZEERM)
HERREFAREDE

IR HE GR)

Nl &\ B
AREREBEELLDEH

EHi: St CEXRR)
(& - REMERELRM]
XERENEDF

B BT ()
SHERMESH

B =¥ (%)

A7 TY 21— (D)

RTF1ITIV JURFvY (B1%)

OHARERRMT

OB XE (R—/\—F0ZIv>)
2022 F 12 A 1 BTR
—IN—FT0=Iv2&ULT
ML RZEREYEREAIC
EERUEUREHTI R
RZEAE - RIEFAERHE
TEREEERICH—RF—
‘ p < %R HPCAT ERFSD L
FORSIIHF—FPYIY
T4 hEUTER RBRENSEMZEERD
5 EH=EERFIICHY 9 FERIFRE LU T KELIHK
BHERICHVWTHRE 1 —F—R— KD
DTIFFHEUR, BERIFFILKFETH 6 FRE. ¥
A1VERTZ7VEINEBIVOKRBEFSES L ARE
DEEREEEE. KRBEIMRSTYEHESR SPring-8 DX
FH X R0 KRB S T IR FEER J-PARC DHE
FEEFAL T, HEROBROERYEEEZ 5N
TLRHPHEED., BETICHITDERIBEY
EMEEREICET SR EITO>TCSFHLEZ, N
FTORRZEBREYBEMRERICHBEMAEIKSN
DARDYR—NITENT &I, HEFRDRE
S5LUVEIEZRAVTEBORRELED TITEZU
EEZTVWET,

Organization (As of February 1, 2023)

Research Divisions
[Division for Basic Planetary Materials Science]
Advanced Analysis of Planetary Materials
Masami Kanzaki (Professor)
Akio Makishima (Professor)
Takuya Moriguti (Associate Professor)
Shigeru Yamashita (Associate Professor)
Deep Planetary Materials
Takashi Yoshino (Professor)
Daisuke Yamazaki (Associate Professor)
[Division for Planetary System]
Planetary Geochronology
Katsura Kobayashi (Professor)
Hiroshi Kitagawa (Assistant Professor)
Planetary Environmental Systems
Takuya Kunihiro (Associate Professor)
[Division for Astrobiology]
Fluids in Planetary Systems
Xianyu Xue (Professor)
Astrobiology
Ryoji Tanaka (Professor)
Matthew Izawa (Associate Professor)
Chrisitian Potiszil (Assistant Professor)

Featured Researchers

Daijo Ikuta (Super-Technician)

My name is Daijo IKUTA, I joined the
Institute for Planetary Materials, Okayama
University as a super technician on December
1st, 2022. During my PhD course at Kyoto
University, I joined HPCAT, Carnegie
Institution for Science as a predoctoral
research associate. After completing my PhD,
I worked in HPCAT for about nine years,
carrying out my research, while providing
user support at the Advanced Photon Source
of Argonne National Laboratory (USA). After
returning to Japan, I studied at Tohoku
University for about six years, using
synchrotron X-ray (SPring-8) and neutron (J-
PARC) beams with a diamond anvil cell and a
large-volume press to elucidate the crystal
structure and sound velocity of iron and iron
alloys, considered to be materials of the
Earth’s core, under high-pressure conditions.
I would like to use my experience to support
users coming to this institute for joint-use
researches, as well as to carry out my research
using this institute’s excellent facilities.
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Featured New Students

Diyalanthonige Dilan Harsha
Fernando (Entered October 2022)

I joined the Institute for Planetary Material
doctoral course in October 2022. I received my
BSc in Planetary Science with Astronomy at
Birkbeck, University of London, where I used
Al-in Olivine thermometry and trace elements
to understand the source of the Apollo 12
basalts. Subsequently, I got my MSc in
Volcanology at the University of Bristol, and
my research was on the evolution of the upper
mantle of the lunar magma ocean through
fractional  crystallisation  (Fig.1.) that
originated the KREEP basalts. Currently, I'm
working on two projects at IPM. The first is
partitioning C between metal and silicate
melts to recreate a graphitic primary crust for
Mercury. The second one is a continuation of
my master's project on KREEP to better
constrain the evolution of the lunar upper
mantle. Since arriving in Misasa, everyone
has been kind, making me look forward to
continuing to study, work and learn as much
as possible in such a welcoming environment.

1. BOKBES FUEBRERMDMETRA/NA
5 —5 L, EFAICIE, (1) KREEP ZTRARBIDE
BOOHE (&/IME - &KE). 2) PhlERER
GO%EIL)DETIVETEICL DRI I YDMEK. 3)E
2D U —ERWERBROERYIDOITTEER
(Ce, Sm, Eu, Gd DiEE).

Fig. 1. Trace elements spider gram of the lunar
igneous rocks and their experimental analogues.
Data are for (1) minimum and maximum values for
KREEP basalts, (2) calculated melts by the
fractional crystallization model (50%
solidification), and (3) analyses of the run products
by piston-cylinder experiments (Ce-Sm-Eu-Gd
concentrations).
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Research Topics

Does magma exist at the bottom of the
lower mantle? Acoustic-wave velocity
measurements of Fe2-bearing MgSiOs
glass up to Mbar pressures

At the bottom of the Earth's mantle,
ultralow-velocity —zones (ULVZs) are
localized near the core-mantle boundary
characterized by compressional and shear
velocity reductions along with positive
density jumps. The presence of silicate
melts (magmas) has been believed to be one
of the plausible candidates for explaining
ULVZs, which might be the remnants of a
basal magma ocean or be produced by
variable thermal gradients in the
lowermost mantle locally. The physical
property of silicate glasses under high-
pressures gives a clue to understand the
nature of silicate melts possibly at the
bottom of the Earth's mantle because
silicate glasses have been considered as
good analogs of silicate melts.

According to our acoustic wave velocity
measurements of Fe2*-bearing MgSiOs
glass up to 158 GPa, we find the acoustic
wave velocity in MgSiOs glass decreases by
~5.5% when it contains 12 mol% FeO. In
addition, we observe the anomalous
increase 1n the acoustic-wave velocity
profile at 106 GPa (Fig. 2), which can be
explained by the structural transition in Si-
O coordination number higher than 6. The
pressure value of the trend change in the
acoustic-wave velocity profile is much lower
pressure than the core-mantle boundary
(CMB) (135 GPa) as well as the ULVZs (130
GPa). Our results imply that the possible
melts at the bottom of the mantle have a
denser structure. Izumi Mashino)

Reference

Mashino, 1., Murakami, M., Kitao, S., Mitsui, T., Masuda, R.,
& Seto, M. (2022). Acoustic wave velocities of ferrous-
bearing MgSiOs glass up to 158 GPa with implications for
dense silicate melts at the base of the Earth's mantle.
Geophysical Research Letters, 49, e2022GL098279.

2FEBC IV RYIA MAS ZADBIERERE
(Vs)RIEDEFMRIFE

Fig. 2. Transverse acoustic velocities (Vs) of Fe2*-
enstatite glass as a function of pressure up to 158
GPa at 300 K (blue and green circles) in this
study.
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Joint Usage/Research Program

Introduction

The Institute for Planetary Materials has
been certified by the Minister of Education,
Culture, Sports, Science and Technology as
a joint use and joint research center
“Planetary Materials Science Research
Center” since 2022 in the 4th Medium-Term
Plan. The  Institute  offers  joint
usage/research opportunities to domestic
and overseas researchers to access facilities
and expertise for research on analyses, high
P-T experiments, etc. of planetary and
related materials. The following five
categories of joint usage/research are being
implemented: 1) International joint
research, 2) General joint research, 3) Joint
use of facility, 4) Workshop, 5) Intern-type
joint research.

Projects Accepted in FY2022

The call for applications was conducted
twice a year also in FY2022. In addition to
onsite joint research, remote collaborative
research without traveling is also possible.
44 projects, including 19 International Joint
Research projects, 22 General dJoint
Research projects, 3 Joint use of facility
(including projects that were postponed
from last year), were accepted.

Featured Equipment (FE-EPMA)

Field Emission Electron Probe
Microanalyzer (FE-EPMA) with Soft X-ray
Spectrum Detector was adopted in FY2021
as a Grant-in-Aid for Scientific Research
Project "New developments in deep mantle
research using the Kawai-type multi-anvil
apparatus, Project No. 21H04996 (Principal
Investigator, Takashi Yoshino). The
wavelength dispersive spectrometer (WDS)
consists of 4 channels, and there are LDE1
and LDE2 for measuring light elements
from boron to fluorine, and TAP, PET, and
LIF consist of two analyzing crystals each.
Furthermore, it is equipped with a soft X-
ray spectrometer
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with high energy resolution, enabling
analysis of chemical bonding states. In
particular, it is expected to facilitate the
determination of the oxidation number of Fe.
This equipment will be open for public use,
so please let us know if you are interested.
(Takashi Yoshino)

3. X RANRY MBS S ERNERET
O—J~Y4A4 2073+ >4 (FE-EPMA)

Fig. 3. Field Emission Electron Probe
Microanalyzer (FE-EPMA) with Soft X-ray
Spectrum Detector

Featured Equipment (OT-MS)

The Orbitrap Fusion is a high mass resolution
mass spectrometer that 1is capable of
differentiating compounds with very similar
masses. The instrument was installed in 2018,
along with an ultra-high performance liquid
chromatography (UHPLC) unit and a
desorption electrospray ionization unit (DESI),
which can both interface with the Orbitrap
mass spectrometer (OT-MS).

The UHPLC-OT-MS setup has been used to
separate out complex mixtures of organic
compounds within carbonaceous chondrite
meteorites and Ryugu asteroid samples and
detect them. Meanwhile, the DESI-OT-MS
setup has been used to image the distribution
of certain soluble organic compounds on
surfaces from the same samples, allowing the
investigation of mineral-organic relationships.
The results of UHPLC- and DESI-OT-MS
analysis for Ryugu and meteorite samples,
conducted at IPM, were reported in several
publications, including Potiszil et al. (2020,
Geochem Perspect Lett 13, 30-35) and
Nakamura et al. (2022 Proceedings of the
Japan Academy, Series B 98, PJA9806B-01).
(Christian Potiszil)

4. 7= IXMBSUEREEDINERE (OT-MS)

Figure 4. the Orbitrap mass spectrometer (OT-MS)
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Featured Joint-Use Researchers

Xu Fang, Postdoctoral Fellow of University
College London (Now at Zhejiang University)
(Joint Researcher in FY2022)

I am Fang Xu, a Research Fellow in
Experimental Mineral Physics at the
Department of Earth Sciences, University
College London (UCL). I received my Ph.D.
from IPM in March 2012. My research
focused on the rheology of deep mantle
minerals using an experimental method.
During my PhD, I visited UCL to use their
newly invented [111]-type deformation
apparatus (D111). From the visit, we
learned the advantage of D111 apparatus
and started the collaboration with UCL.

I am currently working with Prof. David
Dobson at UCL on the project to study the
relative strength of MORB and pyrolite at
the upper/lower mantle boundary by
deformation experiments. It’s challenging
for the UCL D111 apparatus to reach lower
mantle pressure due to its limited press load.
Fortunately, IPM installed a 1000-ton D111
apparatus after my graduation, which
allows routine generation of lower mantle
pressures. We therefore wvisited IPM to
collaborate on our project under the joint-
use program. During my visit, deformation
experiments on pre-synthesized
ringwoodite/post-spinel  sample  versus
MORB composition, which is dominated by
majorite garnet and stishovite, were
successfully carried out. The large strength
contrast of MORB and PS at the
upper/lower mantle boundary explains the
slab delamination and MORB stagnation at
top lower mantle. Although my visit comes
just after the pandemic, I was well hosted
both in life and in research at IPM.

Recently, I have been offered a professor
position by Zhejiang University, China,
from February 2023. I will continue to
collaborate with IPM in my new position.
From my PhD to my future research career,
I have benefited a lot from the active
international collaborations of IPM.
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Zhai Shuangmeng, Professor of Institute of
Geochemistry, CAS
(Joint Researcher in FY2022)

Pressure and temperature are the two
important dimensions in the Earth and
Planetary science, as well as in other fields.
In the development of high-pressure and
high-temperature generation 1in large
volume press, the scientists of IPM have set
multiple world records in past two decades
by using sintered diamond anvils. These
efforts and achievements make IPM as one of
the most famous international centers of
high-pressure and high-temperature
research. Currently the usage of sintered
diamond anvils in large volume press is not
popular due to its high cost, limited cubic size
and highly optimized cell assembly. The
scientists in IPM have rich experience in
high-pressure generation by using sintered
diamond anvils. We would like to develop
high-pressure generation by using 1-inch
large size sintered diamond anvils in large
volume press with the help of our
collaborative research in IPM, which is also
funded by a key international joint research
program from National Natural Science
Foundation of China. In past three years our
cooperative research was suspended due to
the global pandemic. I am glad to wvisit
Misasa again since the situation becomes
better and better. We carried out the
cooperative research and obtained some
primary results. In the near future, we hope
to continue our collaborations and further
investigate the interior structure, physical
properties and chemical compositions of
Earth and Planets.

News

Joint Researcher (Student) Received
Outstanding Student Presentation
Award at JpGU

I presented the entitled "Wetting ability of
liquid Fe—S in solid core during planetesimal
crystallization" the
Outstanding Student Presentation Award
for Solid Earth Sciences Section during
JpGU meeting 2022. I am honored to receive
such an award. In this study, we focused on
the planetesimal core. The liquid core is

core and won
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believed to have crystallized with cooling
over time. The wetting ability between solid
and liquid iron alloys is important because it
controls whether the melt remains in the
solid core or not. In this study, high pressure
experiments  were  conducted under
conditions of the planetesimal interior (0.5—
3 GPa) to investigate wetting ability between
the Fe-S melt and solid Fe. As a result, it was
revealed that Fe-S melts form
interconnected networks in all of the
conditions. In this study, I would like to
express my sincere gratitude to Prof. Yoshino
and all members of the Institute for
Planetary Materials for their great help.

Shiori Matsubara (M1) Graduate School of
Natural Science and Technology, Okayama
University

Supervisor: Prof. Hidenori Terasaki

Outreach

Facility tour by Kasetsart University at
the Sakura Science Program
On 25 October 2022, ten students and one
faculty member from Kasetsart University,
Thailand, visited the Institute for Planetary
Materials as part of the Sakura Science
Program (Japan Science and Technology
Agency), an international youth science
exchange program. After a lecture on
comprehensive materials science analysis,
they saw the clean laboratory facilities
managed by the PML group and the Ryugu
samples analyzed in the lab. They were also
given the opportunity to see the advanced
analytical instruments that are operated in
collaboration with CASTEM
(Comprehensive analytical System for
Terrestrial and Extraterrestrial Materials),
and lectured about the researches using the
system. During the lecture and laboratory
the students
questions and showed a keen interest in
basic science. For the IPM, this was a

tour, asked enthusiastic

valuable opportunity to share its

uniqueness with the younger generation.
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Announcement

Graduate School of Environmental,
Life, Natural Science and Technology
will be established

We have determined to reorganize and
integrate the Graduate School of Natural
Science and Technology and the Graduate
School of Environmental and Life Science in
April 2023, and establish the Graduate
School of Environmental, Life, Natural
Science and Technology. The Graduate
School of Environmental, Life, Natural
Science and Technology which is based on
the School of Science, the School of
Engineering and the School of Agriculture
as its foundational undergraduate schools,
will have one division - the Division of
Environmental, Life, Natural Science and
Technology - and will introduce a degree
program system in order to train diverse
human resources who can respond to
broader social needs and solve problems
across various boundaries and barriers by
integrating and deepening "knowledge and
technology of fundamental science and
applied engineering" with "new academic
systems on environmental issues and food
problems".

For latest information about call for
students, please visit the following website:
https://www.gnst.okayama-u.ac.jp/ja/admission/

Call for Application for FY2023 Joint
Usage/Research
We invite applications for the FY2023 Joint
Use/Research at the Institute for Planetary
Materials (IPM), Okayama University,
which is open twice a year.

Application types:

1) International joint research

2) General joint research

3) Joint Use of facility

4) Workshop

5) Intern-type joint research.

Research Period: April 2023 — March 2024
For details, please visit the following
website: https//www.misasa.okayama-

u.ac.jp/jointuse/index E.php
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Call for Misasa International Student

Internship Program (MISIP) in FY2023

The MISIP for advanced undergraduate
(3rd to 4th year) and graduate students is
Iinternational
collaborative research and education. This
program will be held as part of joint-use
research program of this institute. During
the internship program, each student will
work on an active IPM research project
under the supervision of IPM faculty
members and their research groups. The
goal of the program is for participants to
become acquainted with research activities
and the state-of-the-art research facilities at
the IPM, and to gain first-hand scientific

designed to  promote

research experience.
[Eligibility]

The program is open to advanced undergraduate
(3rd to 4th year) or graduate (1st to 2nd year,
including master course) students majoring in
earth sciences, physics, chemistry, materials
sciences, or related fields, who have a strong
interest in a career pursuing scientific research.
Students from either within or outside Japan,
regardless of nationality, are eligible to apply.

Communication skill in English is required.
[Date and period]

From July 3rd (Mon.) to August 8th (Tue.), 2023.

[Financial support]

Travel expenses and daily living expenses will be
covered, and accommodation in the Misasa

Guesthouse will be provided.
[Number of total participants]
Maximum 8

Please visit the following website for details.
https://www.misasa.okayama-u.ac.jp/MISIP/

Personnel Changes
December 1, 2022

Dr. Daijo Ikuta hired as a general super-

technician

November 15, 2022

Dr. Pineda Velasco Ivan, general super-

technician’s term expired
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Institute for Planetary Materials, Okayama University

TEL : +81-858-43-1215
FAX : +81-858-43-2184

WEB : https://www.misasa.okayama-u.ac.jp/
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