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In order to make the activities at the Institute for
Planetary Materials (IPM) more visible, a biyearly
IPM News Letter was started from 2019. Here, we
introduce IPM’s activities in the last half year. Your
opinions and suggestions are welcome.

The COVID-19 pandemic has affected various
activities on research, education, joint usage/
research, outreach, etc. at IPM in the last year and
we are experimenting various strategies to adapt to
the new normal era. Also, this year is the final year
of the 3" mid-plan period, and we are undergoing
end-of-term evaluation as a Joint Usage/Research
Center and have also applied to renew the
designation of the Joint Usage/Research Center by
MEXT in the 4" mid-plan period in order to
continue to serve the needs of the community. Your
support will be highly appreciated.

Xianyu Xue

Director, Institute for Study of Planetary Materials,
Okayama University

(As of May 1, 2021)

[ Division for Basic Planetary Materials Science]
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Astrobiology

Ryoji Tanaka (Professor)
Matthew Izawa (Assistant Professor)
Chrisitian Potiszil (Assistant Professor)

Masami Kanzaki (Professor)
Akio Makishima (Professor)

Takuya Moriguti (Associate Professor)
Shigeru Yamashita (Associate Professor)
Deep Planetary Materials
Takashi Yoshino (Professor)

Daisuke Yamazaki (Associate Professor)
Noriyoshi Tsujino (Assistant Professor)

[ Division for Planetary System]

O hIkMEBERFSHEF  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)

O PBRXAT7HRAVEAVREIE  Cross-appointed Professors
Gray Bebout (Lehigh University, USA)
Javier Martin-Torres (University of Aberdeen, UK)
Martin Van Kranendonk (University of New South Wales, Australia)
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Yunchao Shu (Postdoctoral researcher)

I am Shu, Yunchao, who joined the Institute for
Planetary Materials on January 1st, 2021 as a
postdoctoral researcher. After graduation from
the joint PhD program between Chinese Academy
of Sciences and Woods Hole Oceanographic
Institution in July 2018, | became a postdoctoral
fellow and associate scientist at University of
Science and Technology of China in July 2018 and
June 2020 respectively.

I have been investigating thallium and barium
isotopes as tracers of crustal materials at
subduction zones and oceanic islands. I am
currently working on molybdenum isotopes to
investigate a variety of different processes,
including crustal recycling, mantle heterogeneity,
and the link between subduction and mantle
plumes. In the future, | would like to work on not
only research of isotope geochemistry, but also
high-pressure experimental studies, especially the
effect of core formation on metal isotope
fractionation between planetary cores and
mantles.

Chao Liu (Technical staff)

I am Liu, Chao from China. | joined the Institute
for Planetary Materials, Okayama University on
April 1st, 2021 as a technical staff. Before that, I
have studied here for five and a half years for Ph.D
course.

I focus on geophysical research in the high
pressure and temperature field. In particular, I am
interested in the seismic properties of materials in
the Earth’s interior. I am trying to know the effect
of water and pressure on the velocity and
attenuation of seismic wave in mantle minerals via
experiments at SPring-8. The experimental results
have been submitted to an international journal. |
hope good news will be received in near future.
IPM gives me a good opportunity to study the
experimental geophysical research with excellent
apparatus as well as a staff position to continue
serving the research work for joint use facility. I
appreciate it very much. | will do my best in the
research field and assist the joint-use research
program.
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Fig. 1. Temperature-dependent electrical resistivity of Fe
measured at 22.5 GPa (corresponding to the pressure at
the top of the Martian core) by Ezenwa and Yoshino
(2021) at IPM, compared with that measured at 105 GPa
(corresponding to the pressure of the Earth’s core) by
Youjun et al., (2020).

(1) Thermal conductivity of Fe in the Earth and
Mars’ core

Dr. Innocent Ezenwa, who completed a three-year
postdoctoral program at IPM in March 2021 and will
start a new position at the Carnegie Institute for
Science, in June, gave us an account of the research
he carried out at IPM.

The thermal conductivity of the terrestrial core
materials (dominantly Fe in composition) at
applicable pressure and temperature conditions is
central to the generation and sustainability of their
magnetic field. Previous attempts have been made
to investigate the thermal conductivity of Fe at high
pressure and temperature conditions, and the
existing data are highly contradictory.

At IPM, in an attempt to probe deeply into the
electrical and thermal transport properties of Fe at
pressure and temperature conditions of planetary
interiors, we developed a technique and cell design
to experimentally investigate the electrical and
thermal transport properties of metals at the
conditions of pressure and temperature. The results
obtained suggest that the thermal conductivity of Fe
at Earth's core conditions may not be as high as
previous resistivity measurements suggested. In
comparison with a recent study, the results of our
measurement on liquid Fe at pressures range up to
the Martian core pressure suggest that liquid Fe is
electrically more conductive at Martian core than at
Earth’s core (See. Fig. 1).

Along the melting boundary on the liquid side,
the resistivity of Fe decreases up to 5 GPa, then
stays constant up to 18 GPa, further drops and then
stays constant up to the highest pressure
investigated (Fig. 2). Our results generally suggest
that the theoretical prediction of invariant pressure-
dependent electrical resistivity along the melting
boundaries of late transition metals at high pressure
could be valid.
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Fig. 2. Sketch of pressure-dependence of electrical
resistivity of liquid Fe along the melting boundary.

% 3C Publication Information
Ezenwa, I. C., Yoshino, T., Martian core heat flux: Electrical resistivity and thermal conductivity of
liquid Fe at Martian core P-T conditions, Icarus, 360, 114367, 2021
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The asteroid Ryugu (left), and part of the samples
collected from Ryugu (right)(from JAXA website)

(2) Toward comprehensive analyses of samples
from Hayabusa2 mission

The Institute for Planetary Materials will participate in
the comprehensive analyses of samples returned from the
asteroid Ryugu by the spacecraft Hayabusa2 as a phase2
curation team, based on cooperation agreement with the
Institute of Space and Astronautical Science (ISAS), JAXA.
Here we introduce the current status toward that mission.

The spacecraft ""Hayabusa2', which returned to
the Earth at the end of last year, brought back
about 5.4g material, much more than expected,
from the asteroid Ryugu. A part of the samples will
be distributed to the initial analysis team and the
phase-2 curation teams this summer to start the
full-scale materials science research. The analytical
chemistry group of the Institute for Planetary
Materials (IPM) is joining this project as a member
of the phase-2 curation team. We had been in
charge of the initial analysis of the returned samples
from the asteroid Itokawa, which was brought back
by the spacecraft “Hayabusa”, and has obtained
new material science knowledge on the surface
environment of microgravity celestial bodies
through comprehensive analysis of a limited
number of particulate samples.

The main feature of our research methodology is
the Comprehensive Analytical System for
Terrestrial and Extraterrestrial Materials
(CASTEM), which enables us to extract
comprehensive physicochemical information from
target samples by combining various in-situ and
bulk analytical instruments. For the phase-2
curation of samples returned from Asteroid Ryugu,
we have introduced organic analysis systems such
as LC ultra-high mass resolution organic mass
spectrometer and GC organic mass spectrometer
systems in the CASTEM. Using this system, we
hope to extract comprehensive information about
the origin and evoluation of the returned samples
from the perspective of both inorganic and organic
chemistry.

The asteroid Ryugu is being examined based on
the physical properties, and material science
information obtained by the remote sensing by the
spacecraft ""Hayabusa2" [e.g. Sugita et al., Science,
2019]. We have also developed a model for the
formation of microgravity objects that can explain
the material science diversity of the asteroid Ryugu
[Potiszil et al. Astrobiology, 2020], and we are
preparing to evaluate this model by comprehensive
analysis of the returned samples. Since
spectroscopic studies suggest that Ryugu contains a
large amount of organic matter. The coevolution of
organic and inorganic materials in the solar system
environment and the material science verification of
macroscopic asteroid formation and evolution will
be the most important scientific themes through the
phase-2 curation.
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The Institute for Planetary Materials, Okayama University has renewed an international agreement of
cooperation with the Earth and Planets Laboratory, Carnegie Institution of Washington (October 1, 2020)
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The Institute for Planetary Materials (IPM),
Okayama University first concluded an international
memorandum of cooperation with the Geophysical
Laboratory, Carnegie Institution of Washington on
March 19, 2019.

In 2020, the Geophysical Laboratory merged
with the Department of Terrestrial Magnetism to
form a new Earth and Planets Laboratory of the
Carnegie Institution of Washington, which further
strengthened its leading position in the field of Earth
and planetary sciences in the world.

In response to that, IPM renewed its
international agreement with the new Earth and
Planets Laboratory of the Carnegie Institution of
Washington on October 1, 2020.

The two institutions plan to further exchange
faculty member/researchers and conduct
collaborative research, seminar and symposium
based on the agreement.
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The Institute for Planetary Materials, Okayama University has overseen the renewal of an international
agreement of cooperation (inter-university) and also the conclusion of a new appendix Regarding Research
and Staff Exchanges with the University of Clermont Auvergne (France) (May 4, 2021)
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On May 4, 2021, the Institute for Planetary
Materials (IPM), Okayama University, as a
responsible department, has overseen the renewal
of the international memorandum of cooperation
(inter-university) and also the conclusion of a new
appendix Regarding Research and Staff Exchanges
with the University of Clermont Auvergne (France).

IPM has long had close ties in research and
education with the Laboratoire Magmas & Volcans
(LMV) of the University of Clermont Auvergne
(formerly, the Université Blaise-Pascal). With the
conclusion of the appendix, it is hoped that active
exchanges of faculty, researchers and students,
mutual cooperation in student supervision and
evaluation, and collaborative research will be
further carried out.
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The meeting for the cooperation of Okayama University, Misasa town and Tottori Prefecture (OMT meeting)

was held online (February 16, 2021)
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The OMT committee meeting was held online due
to the spread of COVID-19. The Executive Vice
Director for Research of Okayama University, Nasu
and the Director of the Institute for Planetary
Materials (IPM), Xue attended. Discussions were
made on the education, research and regional
contribution activities by IPM, researches on the
utilization of regional resources such as hot spring,
etc.

This committee was initiated in 2016 for the
cooperation among the three parties (Okayama
University, Misasa Town and Tottori Prefecture) on
education, research and social contribution activities
by the Institute for Study of the Earth Interior
(predecessor of IPM) and the health care function by
the former Misasa Medical Center, in order to
develop local human resources by raising the interest
of citizens of Tottori in science, to assist their healthy
life and to revitalize the local community.
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Innovation Creation Project: Industrial use of CASTEM domestically and internationally
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Okayama University’s proposal for Innovation
Creation Project was approved by the Cabinet office
in FY2020. Among the 7 projects in the proposal, one
was the “Industrial use of CASTEM domestically
and internationally” at the Institute for Planetary
Materials (IPM).

The project intends to promote automation and
remote use of the Comprehensive Analytical System
for Terrestrial and Extraterrestrial Materials
(CASTEM) at IPM so as to build a CASTEM 24
remote system that will be widely accessible
anywhere from the world, and will serve the need not
only from academia, but also from the industry. It is
hoped that this will lead to a new form of social
investigation of academic development.

To provide advanced campus-wide technical
support, technical staff with advanced skills were
hired with official affiliation to the Advanced Science
Research Center, Okayama University, while based
at IPM.

CASTEM 24 Remote is being promoted under
the leadership of the Executive Vice Director for
Research of Okayama University as a university-
wide endeavor.
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Overview

The Institute for Planetary Materials (IPM) is
promoting graduate education via a 5-year
doctoral program as the Division for Earth and
Planetary Materials Science within the Graduate
School of Natural Science and Technology. The
program consists of two departments:
Department of Analytical Planetary Chemistry
and Department of Experimental Planetary
Physics. Financial support in the form of
fellowship and research assistantship may be
applied. For international students, lectures and
research guidance in English are provided as
needed. The capacity for enrollment is 4 students
per year and total 20 students.

Currently 13 students from 9 countries are in
the program. Student enrolled in April 2021 from
overseas unfortunately cannot enter the country
at the moment due to the pandemic of COVID-19,
although those enrolled in October 2020 managed
to come to Misasa.

OFEDEEFETMBI Support for students’ conference presentation
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To encourage student conference presentation,
the Institute provides a student conference travel
grant program. This year, the program will
support the following two students’ presentation
at the JpGU Meeting 2021 (online) during May
31-June 6, 2021.

AARMBRBEZFRPEGKE 2021 (AU 31V0) B THEERE:

Student Presentation at JpGU Meeting 2021 (online)

[1]Ran Wang*, Takashi Yoshino

Redox Kinetics of the subducted slabs indicated by Seebeck coefficient measurements, JpGU2021

[2] Longli Guan*, Daisuke Yamazaki, Noriyoshi Tsujino, Yoshinori Tange and Yuji Higo, Lattice preferred
orientation of akimotoite and its implication to seismic anisotropy in the Earth’s mantle, ,JpGU2021
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Chemical analysis of samples
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Preparing for high P-T experiment
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Joint Usage/Research Program

Introduction

The Institute for Planetary Materials (IPM) is a
Join Usage/Research Center, “Research Center for
Earth and Planetary Materials Science” designated
by the Ministry of Education, Culture, Sports,
Science and Technology (MEXT), Japan since 2010.
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
(extra)terrestrial and related materials. Starting
from the FY2019, 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.

The designation of Joint Usage/Research Center
by MEXT is made every 6 year (mid-plan period),
and this year is the last year of the designated
period. We are currently undergoing end-of-term
evaluation and have also applied for renewal for the
next mid-plan period (4).

We hope we will be successful in the renewal and
will be able to continue to serve the need of the
community as a Joint Usage/Research Center. Your
continued support will be highly appreciated.

Projects implemented in FY 2020

The call for application was conducted twice a
year in FY2020. For the second call, no application
deadline was set in order to flexably support
researchers/students influenced by COVID-19. Also
joint research without travelling of the joint
researcher to IPM was also enabled by providing
service of analyses/experiments for the joint
researcher by IPM staff.

In this fiscal year, in total 53 projects, including
28 general joint research, 23 international joint
research, 1 workshop, 1 joint use of facility were
accepted.

Unfortunately due to the spread of COVID-19 in
Japan and worldwide, many of the joint
researchers could not visit IPM for the planned
reesearch. In the end, a total of 15 projects,
including 13 general joint research and 2
international joint research were carried out via
visit of joint researchers, and 6 additonal projects
were carried out without travelling of the joint
researcherss via assistance of IPM staff.

In response to the situation, it was decided to
accept applications to postpone to the following
year for those accepted projects that could not be
carried out as planned due to COVID-19.

The intern-type joint research was unfortunately
cancelled due to COVID-19 despite a large number
of applications (52 from 25 countires).
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Projects accepted in FY 2021

The call for application is planned to be
conducted twice a year also in FY2021. In addition
to the usual form of onsite research, joint research
without travelling to IPM via requesting IPM staff
to perform the experiment/analysis or remote
operation) are also being accepted. For the first
call, the application deadline was Jan. 31, 2021, and
32 projects, including 8 International Joint
Research projects, 23 General Joint Research
projects, 1 Joint use of facility (including projects
that were postponed from last year), were accepted.

The intern-type joint research was cancelled
again this fiscal year due to COVID-19.

As of May 1, due to the rapid spread of COVID-
19 in Japan and worldwide, no joint researchers
have visited IPM in this fiscal year, and we are
supporting joint researchers remotely for the time
being.

OXFFBARAEEHEDHEN Featured Joint-Use Researcher
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Shiho Marugata, Graduate School of Science, University of Tokyo (Supervisor: Professor Hiroyuki

Kagi) (Joint researcher in FY2019-2020)

REEHIL ) LIFZINAAZR
SILVEEELTHER E(CEE R
[ZHFEEL. hIL YA RET7STF
AN EELGLRTT, Ca® &
o YREGERAA DOREIEIE
(% L TSOdFAMEEELY LY
J R NCEmURERISCOEER
LNTEELIz, LHOL. A DHMES IL—TI1E3E
RERBAIN D LERBALEERIEIZEY. AL
HAMMIFBEEE S D Ba?ZWMYAATEHILY
AMEEDREEIEEA KL, BET CTREAAUN
ERFIREICHAAREEEFRLEL,

ZZTC.BaZELAINY A FDREAF DE
DIREFALNZTBE=012, EFHIZEOL
RBEIZLY. B °C NMR ARSMLEZBIELE
Ltz BRERBICRHEE ML TRAEL T
BIC.AET—2DBITEITLVEL Iz, TOFER.
Ba ZEL WL YA FTIXFFRLGAIL S ARIELEARIE
BiERHAIZHEBT 2T0—REE—o N EHlEh .
Ba EHEICHVZOMEMBEENEILLEL .
i Ba BFEICE>TREEAAVEBDDHFA
URTNRKRECEILTHIEERELTVET . S
BOFERIFKRELFEEAA L ERYRAALEAIL
AP DR DEBEMRATHEIZDR
MNBEEZTVET,

FAIE 2020 F1AICHIO TR EMERERTICE
FILZELE=A RRIMLDERT T THRGEVER
PERBLELAFEL - FEIOFTVAMIILANES
EWL, FOBUSNTZLTT,

Calcium carbonate, a representative biomineral,
is a common mineral that has two major
polymorphs: calcite and aragonite. Divalent metal
ions with an ionic radius lager than Ca?* form
carbonates with an aragonite structure and have
been believed to be incompatible to calcite. Our
group synthesized calcites containing notably high
concentrations of Sr?* and Ba? through
crystallization from amorphous calcium carbonate.
Moreover, it was shown that carbonate ions in the
carbonates may be disordered at room
temperature.

As a joint research with Professor Xianyu Xue,
solid-state  *C NMR measurements were
conducted to reveal the local environment
surrounding carbonate ions in Ba-doped calcite.
We sent our samples to Professor Xue and she
obtained *C NMR spectra of Ba-doped calcites.
We observed that the spectra were downshifted
and broadened compared with a pure calcite
sample. The relative intensity varied with Ba
concentration. These results suggest that cation
distributions in  Ba-doped calcites vary
significantly with Ba concentration. This study
may clarify the behavior of carbonate ions in
calcite containing large incompatible ions.

We visited the Institute for Planetary Materials
for discussion with Professor Xue in January 2020.
It was the first time for me to visit Misasa. | enjoyed
lunch and quick sightseeing in addition to the
discussion. I would like to visit Misasa again when
COVID-19 has settled down.
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Observing rock thin sections under polarizing microscope
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Posters

Exhibition Room

We have set up an exhibition room to
introduce what we are doing at the institute to
the local community and to provide explanations
to visitors. One of the features of the Exhibition
Room is that it is full of handmade touches, and
volunteers have made the equipment for the
exhibition. The Room is not fully equipped yet,
but we are planning to enhance it in the future.
Due to COVID-19 pandemic, it has not been put
to full use at the moment. If you are interested,
please feel free to drop by.

Currently, we have posters introducing the
institute, posters related to high-pressure
experiments, and displays of high-pressure
experimental materials and equipment, high-
pressure ice, rocks, etc. There are also hands-on
exhibits where visitors can observe rock thin
sections with a polarizing microscope and play
with polarizer plates. There is also a sand box
that uses augmented reality (AR). When the
height of the sand is changed, the contour lines
are updated in almost real time. You can also
make it rain and see the water flowing in a
realistic manner. This exhibition is great for
map reading and understanding the relationship
between landforms and water reservoirs, and is
very popular with children. In addition to these
exhibitions, there is a cloud chamber for viewing
radiation, a device for viewing fluorescent
minerals in ultraviolet light, meteorites, and a
PC for experiencing Mitaka, the planetarium
software created by the National Astronomical
Observatory of Japan. The exhibits are also
available for loan to schools and other
institutions.

The exhibition room is located on the south
side of the first floor of the 3rd research
building, in a former hospital examination room.
It is open to the public during weekdays. Some
of the exhibits require a little preparation, so
please contact us in advance so that we can make
arrangements.

MERIREARZE-T-B 58
Sand box using augmented reality (AR)
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January 1, 2021

Dr. Yunchao Shu joined IPM as a
postdoctoral fellow
April 1, 2021

Mr. Chao Liu hired as technical staff

February 28, 2021

Dr. Hideharu Kuwahara, Tenure-track Junior
Assistant Prof. moved to Ehime Univ.
March 31, 2021

Dr. Yuhei Umeda, Tenure-track Junior
Assistant Prof. moved to Osaka Univ.

Dr. Innocent Ezenwa, postdoc completed (will
move to Carnegie Institution of Science)

Prof. Eizo Nakamura retired (moved to OU
Advanced Science Center as Specially appointed
prof.)

Exhibition @ JPGU2021

The Institute for Planetary Materials (IPM) is
scheduled to put up a display at the Exhibition
corner of the JpGU Meeting 2021 (online) during
May 31 — June 6, 2021.

Call for Ph.D. students

We accept applications for enrollment in the Five-
year Doctor’s Course of the Division of Earth and
Planetary Materials Science, Graduate School of
Natural Science and Technology, Okayama University.

October 2021 enroliment: (a few positions)
Period for Eligibility review:
July 1-2, 2021 (2" recruitment)
Submission period for application:
August 2~3, 2021 (2" recruitment)

April 2022 enrollment (4 positions):
Period for Eligibility review:
July 1~2, 2021 (1% recruitment)
December 16~17 2021 (2" recruitment)
Submission period for application:
August 2~3, 2021 (1% recruitment)
January 27~28 2022 (2" recruitment)

For more details, please visit the following website:
https://www.gnst.okayama-u.ac.jp/ja/wp-
content/uploads/2021/04/2021.10-2022.04-dc-5year-
youkou_e.pdf
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