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Message from the Director

The year 2024 began with the Noto
earthquake on New Year's Day and the JAL jet
fire incident occurring one after another,
making us wonder what will happen this year.
In 2016, when the Institute for Planetary
Materials was upgraded to a research institute,
we were affected by the Central Tottor:
Earthquake, which caused significant damage
and this earthquake has reminded us of the
importance of risk management. In contrast
IPM has some good news this year. A budget
request has been adopted for organizational
restructuring of IPM after FY2024, with the
aim of creating a new division that will conduct
research targeting global environmental issues
and human immigration to the planet. This
new department will become the Earth and
Planetary Surface Environment Department,
and the new faculty members, Professor
Kameda and Associate Professor Trishit Ruj,
will be assigned to this department from
January 1st. Additionally, Okayama University
has been selected for the Program for Forming
Japan’s Peak Research Universities (J-PEAKS),
and the fields of planetary science and
astrophysics have been designated as priority
research areas and are targeted for
reinforcement. Last  October, Okayama
University's four affiliated laboratories were
certified as Institute for advanced cutting-edge
studies, and it is hoped that they will receive
focused support from the university. Okayama
University held a review meeting for the Space
Strategy Project, and a brainstorming session
was held in Misasa on March 7th. I would like
to use these events as a launch pad to create a
new facility for planetary research that will
reproduce the surface environments of the
Moon and Mars. With the addition of new
faculty members, the organization is being
rejuvenated, and we will continue to operate
the institute to become a more vibrant institute.

Takashi Yoshino
Director, Institute for Planetary Materials,
Okayama University
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Organization (As of March 1, 2024)

Research Divisions
[Division for Basic Planetary Materials Science]
Advanced Analysis of Planetary Materials
Masami Kanzaki (Professor)
Akio Makishima (Professor)
Jun Kameda (Professor)
Takuya Moriguti (Associate Professor)
Shigeru Yamashita (Associate Professor)
Deep Planetary Materials
Takashi Yoshino (Professor)
Daisuke Yamazaki (Associate Professor)
Takayuki Ishii (Associate Professor)
Izumi Mashino
(Woman Tenure Track Assistant Professor)
[Division for Planetary System]
Planetary Geochronology
Katsura Kobayashi (Professor)
Hiroshi Kitagawa (Assistant Professor)
Planetary Environmental Systems
Takuya Kunihiro (Associate Professor)
Trishit Ruj (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
Jun Kameda (Professor)

I am Jun Kameda, and I transferred from
Hokkaido University in January this year. My
research interests include the interaction
between rocks/minerals and water in the
Earth's surface environment and
mechanochemical reactions mediated by
activated mineral surfaces.

I have experienced snowfall several times
since moving here, and once again I realize
that I have come to the snowfall area in the
San-in region. Hokkaido is famous for its
smooth powder snow, but the snow here is
somewhat heavier and wetter. However, this
kind of snow fits in well with the historical
townscape here. If global warming continues
to progress without any action, we may hardly
experience snow like this in the near future.
My major goal at this institute is to contribute
to the development of effective environmental
conservation technologies in harmony with
the Earth's systems, in order to pass on a
better global environment to future
generations.
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Trishit Ruj (Associate Professor)

Hello, I'm Trishit Ruj, and this January I
started my journey as an Associate Professor
at the Institute for Planetary Materials (IPM)
at Okayama University. My expertise lies in
Planetary Geology, with five years of
postdoctoral experience focusing on tectonics
and surface geomorphology. Currently, my
research is focused on landing site selection
for future missions, investigation of
subsurface ice as a resource for human
colonization, and understanding the role of
liquid water on Mars. This is achieved
through a blend of Remote Sensing techniques,
comparative studies on Earth (terrestrial
analogs), and hands-on experimental
methodologies.

We are launching a new department,
dedicated to advancing this multidisciplinary
cutting-edge field. If you're driven by a
passion for space exploration and are
considering a Master's or Ph.D. program, I
encourage you to reach out. Furthermore, I
am  keenly interested in  exploring
postdoctoral opportunities and research
collaborations. Let's connect and discuss the
vast possibilities!

Featured New Students

Corbett Adam Greig
(Entered October 2023)

I joined the institute in October of 2023,
after completing a Master's degree in
Planetary Sciences at the University of
Aberdeen in the United Kingdom. My
previous research focused on investigating
the impacts of stellar parameters and
evolutionary  processes on  planetary
formation, and the necessary qualities a star
must possess in order to host a system of
potentially habitable planets. Following on
from theoretical investigations, I am now
focused on devising practical methods to
investigate the stability of organic molecules
under early-Earth conditions, which will
include introducing samples to a simulated
Hadean-Archean Earth environment in a
laboratory setting. From this work, I am
aiming to draw conclusions about the impacts
of Solar radiation on the organics present on
Earth at a time immediately preceding the
origin of life, and the potential role of a young,
faint Sun in the evolution of the Earth's
atmosphere and oceans.



OB

O/—Rv ~FORBEIEERR © KRV R
PEDARBEREXTRIRZ Z5%08 @ =2

HERKNERD 8 ZILL EZELHHD VY MILTIE, 3L

HFALTL— R OFERNS ERTZT ) 21— LN
RLWEFAZMNTTEELTLWET, COYEREE)
BRIV MUEREMIENTVWET, ¥ ML
TREBRT D EICLY, #ERALES. F
U THIEKNER DL ZHEL DR ZB S FHRNY =
BEIENTTHT ., mEDHERZ A\ /zithEk
REBDEIRIEERZEIC KW 'S 660~1000 km THL
HFRAE T — EHEE T 2HRF O Y MUERIESR
MO ERTBT2—LHESI 1000 km KUEW
A TR “RAR<KRD” ZENSASNER
ZEHTVET (H1) o NSV NIVRERDFF
BOWRAEZOBERIIEKREZHETCITHE ST,
RELEDEZKIETEHR UL,

AR TIE. BEANMHEREUVERRSRE
DEEEEERBREMEZEREL T, KBRS YHES
SPring-8 (BL04BT) ICT. SERELTHHMSNT
WaY Y MV A—xy b (N\40O—-7) T
JwIRTA M+TILZFADOEEHREE (KX
M A—%w NER) EADEBEREFEHERRICHR
EULFU

AHAEICLY ., R SH—RY FEBENI.
LEEBMER CIERE S &6 (BT (H&EBEHZE
b/ BEZ=80A") ULEITHN. ¥ ~ILFEY
SBELLETIE, N2 (EOHE) &L\ S, o
N RIVERICIFR VRSB ZERF DO EAD
M FEURZ, INXTUYDOSEHEERENIL.
BFELEEEDARDEESNTHDIEEZISNT
WHK Uz, EDBE. IRIFMEE (hE) SN, ¥
[CEDFZEFIEHE CBR) SNEJ, RALH—
R NEBIE. KEDTL— DETENFIT S
¥H, SROTYI1—LDLRERETDIEND
REDEHBEET 2 DOHBEEO>TVWET, &
DIRA A=Y FEBICKY ., EEEDOTL—K
WRET) 1—LDFFRE (MRS L DHIRE
ERRIR) NEEGWMICHATE &MY FU
1z

High T

Transition zene

Lowsr mantle

Accelar: thinning
by the! slope
Curved post-garnet
transition boundary

Ay Mantle

Decceleration and stagnati
by the negative slope

1. RZAH—RY MEBICLDY Y MVRBRICHSITS
TU—bk - ) 1 - ADOFEREEDERR

Fig. 1. Interpretation of mid-mantle dynamics by the
post-garnet transition

Research Topics

A distinct phase transition of garnet can
explain mysterious convection phenomena
in the Earth's mid-mantle (Takayuki Ishii)

In the Earth's mantle, which occupies more
than 80% of the Earth's interior, subducting
plates and plumes rising from the deep
mantle have been moving for a long time.
This mass transport phenomenon is called
mantle convection. Understanding mantle
convection can provide clues to solving the
mysteries of earthquakes, volcanic activity,
and the chemical evolution of the Earth's
interior. Recent imaging studies of the
Earth's interior using seismic waves have
attracted attention for observing stagnation
of subducting plates at depths of 660—1000
km and disappearance of plumes rising from
the deeper mantle at depths shallower than
1000 km (Fig.1). The cause of these peculiar
convection phenomena in the mid-mantle has
not yet been identified.

In this study, we have precisely and
accurately determined the temperature
dependence of the high-pressure phase
transition of a mantle mineral of garnet
(pyrope), also known as the birthstone of
January, to bridgmanite + alumina (post-
garnet transition) at SPring-8 (BL04B1)
using our world's most precise high-pressure
and high-temperature experimental
techniques.

This study revealed that the post-garnet
transition pressure decreases with
temperature (transition pressure
change/temperature change = negative slope)
at relatively low temperatures whereas
increases (positive slope) above the mantle
average temperature, which is a unique
property not found in other mantle minerals.
Until now, the high-pressure phase
transition pressures of minerals have been
thought to have either a negative or positive
temperature dependence. If it is positive,
convection is enhanced (accelerated);
conversely, if negative, convection 1is
suppressed (decelerated). The post-garnet
transition has two properties that defy
conventional understanding: it suppresses
progress of low-temperature plate subduction
whereas accelerates upwelling of high-
temperature plumes. The post-garnet
transition can consistently explain the above
plate stagnation and the invisibility of the
plumes around 1000 km depths by
interpreting as thinning due to acceleration.

Reference: Ishii, T., Frost, D.J., Kim, E.J. et al. Buoyancy of
slabs and plumes enhanced by curved post-garnet phase
boundary. Nat. Geosci. 16, 828-832 (2023).
https://doi.org/10.1038/s41561-023-01244-w
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Joint Usage/Research Program
Introduction

The Institute for Planetary Materials has
been certified by the MEXT 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) Internship-type joint research.

Projects Accepted in FY2023

The call for applications was conducted
twice a year also in FY2023. In addition to
onsite joint research, remote collaborative
research without traveling is also possible. As
of March 1, 2024, 56 projects, including 19
International Joint Research projects, 28
General Joint Research projects, 4 Joint use of
facility, 5 Internship-type joint research were
accepted.

Featured Equipment

(Pulse laser deposition machine)

A pulse laser deposition machine has been
installed as part of the Grant-in-Aid for
Scientific Research Project “Viscosity of the
lowermost mantle materials" adopted in
FY2022. In this machine, the elements
forming a target are removed by a YAG laser
beam under vacuum conditions and the
elements are coated on the sample plate as a
thin-film. With the aid of a strong and small
laser beam, the segregation of elements can be
suppressed during irradiation of the small
area. In other words, it is possible to deposit a
chemically homogeneous thin-film by using a
small amount of target material. Multilayer
deposition is also possible by setting multiple
targets in the chamber. Currently the
machine i1s being tested to optimize the
condition for film deposition. (Daisuke
Yamazaki)
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Featured Joint-Use Researchers

Hitoshi Yusa, Group leader, National
Institute for Materials Science

(Joint Researcher in FY2023)

For the first time in about 35 years, I am
conducting high-pressure synthesis
experiments on a KAWAI-type apparatus at
IPM. When I was a graduate student, Prof. Ito
taught me about the synthesis of majorite in
order to create phase equilibrium diagrams of
minerals in the Earth's mantle by
thermodynamic measurements. This
experience was a major motivation for my
later commitment to high-pressure science
including inorganic materials chemistry. I
have conducted exploratory studies of high-
pressure crystal structures by in situ
observations in the micro-pressure region of a
diamond anvil cell (DAC). However, a certain
amount of sample is required to evaluate
various functional properties under ambient
pressure. I feel that the IPM is one of the most
important research facilities in the world that
can synthesize novel materials in pressure
regions that are not easily accessible and
connect them to materials research.

Katsutoshi Kawano, Graduate School
of Science, Osaka University, M2

(Joint Researcher in FY2023)

My name is Kono, M2, Graduate School of
Science, Osaka University, and I have been
studying seismic velocity anomalies in the
uppermost of the Earth's outer core as part of
a joint research project that commenced in
2023. In the project, we considered that the
velocity anomaly may be caused by light-
element anomalies due to chemical
interactions at the core-mantle boundary and
hence we conducted high-temperature and -
pressure experiments using the USSA-5000
high-pressure multianvil at the Institute for
Planetary Materials to observe chemical
reactions between Fe-Si alloys and
bridgmanite under wet conditions. Our
results provide the mechanism by which we
can explain seismic anomalies 1in the
lowermost lower mantle and the uppermost
outer core. At the 64th Japan High Pressure
Conference in 2023, I presented the results
and received a poster award. I would like to
thank my co-researcher, Professor Yoshino,
for his special help in troubleshooting and
discussing the experimental methods. I am
very pleased that I obtained useful data and
received a prestigious award.

6
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News

Prof. Yoshino received “2022
Mineralogical Society of Japan Award”

At the 2023 Annual Meeting of the
Mineralogical Society of Japan on September
15th, Professor Yoshino received the 72022
Mineralogical Society of Japan Award”. The
title of the award is "Research on core and
mantle dynamics based on electrical
conductivity of materials in the Earth and
planetary interiors. Yoshino said, “I am proud
of receiving this award. I would like to express
my sincere gratitude to the many people who
have given me valuable advice and guidance. |
would like to continue my research not only on
electrical conductivity, which is the subject of
this award, but also on a wide range of
planetary materials science research". He also
conveyed his pleasure for receiving the award
and his enthusiasm for the future.

IPM has been accredited as “Institute
for advanced cutting-edge studies”

In order to strengthen research and promote
innovation, Okayama  University  has
established a new research organization,
Institute for advanced cutting-edge studies.
The TPM has been accredited as one of the
institutes in the research organization. We will
promote collaboration reseach with the other
institutes in the research organization
(Institute of Plant Science and Resources,
Research Institute for Interdisciplinary
Science, and Research Institite for the
Dynamics of Civilization) to develop world-
leading earth and planetary materials research
and to explore new research fields.
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Outreach
Junior high-school students visited IPM.

On August 9, 2023, 40 junior high-school
students from the Junior High-School attached
to the Faculty of Education, Okayama
University, visited the IPM as part of the 2023
summer science field trip. They received a
lecture on the science of magma by Assoc. Prof.
Shigeru Yamashita, and toured the labs
equipped with the world-best apparatus for
high-temperature-pressure experiments, the
advanced X-ray analyzer for material sciences,
and the analytical system for the investigation
of Ryugu samples. We hope this visit was a
valuable experience for the students.

Outreach event "Let's Create a Forest
on the Moon" has been held on
December 9.

On December 9, 2023, the outreach event
"Let's Create a Forest on the Moon ~A Self-
Sufficiency Ecosystem Born from Trees and
Vegetables~" was held at Morinomachi Grace
Office Square in Okayama as part of the 7th
Global Moon Village Workshop & Symposium
in Kurashiki and Tottori City, aiming to
engage the public in envisioning future lunar
involvement and community building, drawing
on the latest advancements in science and
engineering. Lectures by Professor Eizo
Nakamura (Okayama University), Professor
Takao Doi (Kyoto University), Associate
Professor Makoto Yoshikawa (JAXA/ISAS),
Associate  Professor Junichi Haruyama
(JAXA/ISAS), and Mr. Ken Shoji (Taisei
Corporation)  sparked  thought-provoking
discussions. A lively public forum featuring
prominent figures like Okayama University
President Yasutomo Nasu and Japan Space
Forum President Kanji Fujiki further fueled
the excitement. These events served as a
powerful reminder that humanity's endeavors
in extraterrestrial environments like the Moon
are about to take a significant leap forward.
Additionally, exhibits showcasing vegetable
cultivation using simulated asteroid Ryugu soil
provided a valuable opportunity for visitors to
connect with lunar human activities on a
tangible level.
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Featured Video

Please visit our YouTube channel!
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Res earch at Planetary Research Institute

Announcement

Call for Application for FY2024 Joint
Usage/Research
We invite applications for the FY2024 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) Internship-type joint research.

Research Period: April 2024 — March 2025
For details, please visit the following
website: https://www.misasa.okayama-
u.ac.jp/public_html/jointuse/index E

Reorganization of the Research
Divisions within the IPM

In 2024, we reorganized the two main
divisions, the Division for Basic Planetary
Materials Science and the
Planetary System Science, into the Division of
Planetary Materials Experimental Physics
and the Division of Planetary Materials
Analytical Chemistry, respectively. We also
established a new division, the Division of
Planetary Surface Environment, in order to

Division of

conduct research aimed at solving global
and promoting
migration/colonization of other
planets. Through integration of research in
these divisions, we will create new research
fields that
development and

environmental problems

human

explore sustainable human
space

surface environmental analysis based on

exploration via

planetary material science, aiming ultimately
for social implementation. We will continue to
contribute to academia as a core center of
planetary material science, while striving to
create new cross-disciplinary knowledge and
promote social innovation.
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u.ac.jp/public_html/MISIP/index_j

Call for Master’s course and Doctor’s
course students

Okayama University has reorganized and
integrated the Graduate School of Natural
Science and Technology and the Graduate
School of Environmental and Life Science in
April 2023, and established the Graduate
School of Environmental, Life, Natural
Science and Technology. We accept
applications for enrollment in the Master’s
course and Doctor’s course twice a year (April
or October enrollment).

For latest information about call for
students, please visit the following website:

https!//www.elst.okayama-u.ac.jp/admission/

Call for Misasa International Student

Internship Program (MISIP) in FY2024
The MISIP for advanced undergraduate
(3rd to 4th year) and graduate students is
designed to promote international
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 research experience.
[Eligibility]
The program is open to advanced undergraduate
(3rd to 4th year) or graduate (Ist 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 2nd (Tue) to August 8th (Thu), 2024.

[Financial support]

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

[Number of total participants]
8~10

Please visit the following website for details.

https://www.misasa.okayama-
u.ac.jp/public_html/MISIP/
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OANSEE Personnel Changes
2023F 10818 October 1, 2023

Brown Eloise Celine ETrZEE (4HEBIZN) Dr. Brown Eloise Celine hired as
EUCHEER Postdoctoral Fellow.

2024181 H Jia)nujtry 1K 202%1 . f
B S LA r. Jun Kameda hired as a professor.
ol - Dr. Ruj Trishit hired as an associate

Ruj Trishit JEZdEE U THA brofessor.

i
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