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Message from the Director

In order to make the activities at the Institute for
Planetary Materials (IPM) more visible, a biyearly
IPM News Letter was started this fiscal year. In this
second issue, we introduce IPM’s activities on
research, joint-use/joint-research, education,
outreach, international cooperation, regional
cooperation, etc. during the last half year. Your
opinions and suggestions are welcome.

Xianyu Xue

Director, Institute for Study of Planetary Materials,
Okayama University

(As of November 1, 2019)

Division for Basic Planetary Materials Science

O %EREMEMFTHE Advanced Analysis of Planetary Materials

% % (F#®) Masami Kanzaki (Professor)
HIE BEX (%) Akio Makishima (Professor)

B A (EZIB) Takuo Okuchi (Associate Professor)
#0O RN CEZER) Takuya Moriguti (Associate Professor)
I % (HE#4B) Shigeru Yamashita (Associate Professor)

O HEZFEEMESFE Deep Planetary Materials
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%5 1B (H#®) Takashi Yoshino (Professor)

I K#§ (HE#%42) Daisuke Yamazaki (Associate Professor)
Bhi# 1 &#Eth Assistant Professor Post (1) available

Division for Planetary System

HEKERE FHEHDEF Planetary Geochronology

INK HE (#d8) Katsura Kobayashi (Professor)

el B (Bi#) Hiroshi Kitagawa (Assistant Professor)
HERFEHEDE Planetary Environmental Systems

fmA EZ= (#4B) Eizo Nakamura (Professor)

B 2t CE#IE) Takuya Kunihiro (Associate Professor)
TAMEFRZFE]  Division for Astrobiology
HERAYESE Fluids in Planetary Systems

B #F (& Xianyu Xue (Professor)
EmERYMENE Astrobiology

Hh =% (%) Ryoji Tanaka (Professor)

FR <2 a— (B1%%) Matthew Izawa (Assistant Professor)
Bh# 1 &®Eth Assistant Professor Post (1) available

O 20XR7HRAY A2 M#HIZE  Cross-appointed Professors

Gray Bebout (Lehigh University, USA)
Javier Martin-Torres (Lulea University of Technology, Sweden)
Martin Van Kranendonk (University of New South Wales, Australia)
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Featured Researcher

Daisuke Yamazaki, Associate Professor in the
Division for Basic Planetary Materials Science

Daisuke Yamazaki, who recently received the
Japan Association of Mineralogical Sciences(JAMS)
Award at the annual meeting of JAMS in September
2019, gave us an account of his research and vision
for future development.

I have been interested in the structure and
dynamics of the Earth’s interior since I was a
student. It is my pleasure that I am doing research
on the Earth’ interior by means of high-pressure
experiments. Among research topics of the Earth’s
interior, 1 am focusing on rheology. Rheology is
defined by the American Rheological Society as
“The word rheology was coined in the 1920 ’s to
represent the science of the deformation and flow
of matter”, and hence it is very important topic for
understanding the dynamics of the Earth. Because
the Earth's lower mantle occupies approximately
60 vol % of the Earth, 1 am recently working on
rheology of the lower mantle to constrain the whole
Earth's convection and structure.

The lower mantle consists mainly of (Mg,
Fe)SiOs bridgmanite and (Mg, Fe)O ferropericlase.
Previous studies have shown that bridgmanite is 2-
3 orders of magnitude more viscous than
ferropericlase. In such situation, it is interesting
which phase controls the bulk viscosity, harder
bridgmanite with large amount (>70-80 vol.%6) or
ferropericlase with small amount (<20-30 vol.%6).
To clarify the rheological properties, | am trying to
realize the pressure, temperature and flow
conditions of the mantle in the laboratory and to
conduct experiments. By combing our results and
the geophysical observations, we will obtain new
constraints on the dynamics and structure of the
Earth.



< BFZEHET  Research topics

TLAYYY—RTERY EF=RHAEEZPLICTHRBANELET,

Research topics described in recent Press Release are introduced.
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(1) Origin of ocean island basalts in the West
African passive margin without mantle plume
involvement (Press release: July 9, 2019)

Dr. Belay, I. G., and others analyzed major and
trace element concentrations and high-precision Sr,
Nd, Hf, and Pb isotopic data for basaltic samples
collected from the Cameroon volcanic line (CVL).
The isotope systematics of the CVL samples can be
explained by a mixture of three types of refertilized
sub-continental lithospheric  mantle (SCLM)
components and depleted MORB-source mantle.
The major sources of the ocean island basalt located
at the West African passive margin (WAPM) region
could be the same four identified components as
those of the CVL data studied. Our results infer that
the geochemical characteristics of these lavas is
strongly related to the location of the rift axis during
the Mesozoic continental breakup and the
distribution of the SCLM beneath the Atlantic
Ocean. The current position of the WAPM volcanoes
in relation to the coast line of the African continent
were located on or near the Mesozoic rift axis. The
location of the Mesozoic rift axis in the Atlantic
Ocean should roughly mirror the current position of
continent—oceanic boundary. Beneath such a past
rift zone, it is likely that the edge of cratonic SCLM,
thinned lithospheric mantle, or underplated lower
SCLM present. The generation of refertilized
SCLM-derived magmas can be triggered by low-
amplitude thermal or compositional anomalies of the
sub-lithospheric  asthenospheric mantle.  Sub-
lithospheric small-scale convection (SSC) is the most
likely dynamical process of the upper mantle that
can initiate melting processes. SSC causes
asthenosphere of a normal temperature to rise in
places of thin lithosphere and sink in zones of thick
lithosphere such as beneath the CVL. The upwelled
SSC erodes the lithospheric mantle, which is
replaced by asthenospheric mantle.

#3C Paper Information
Belay, I-G., Tanaka, R., Kitagawa, H., Kobayashi, K., Nakamura, E. (2019) Origin of ocean island basalts in the

West African passive margin without mantle plume involvement, Nature Communications, 10, 3022,

d0i:10.1038/s41467-019-10832-7.
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Uranus, Neptune and the Earth

(2) Laser-driven shock compression study
of water reveals its metallic state in interiors
of Uranus and Neptune

(Press release: July 12, 2019)

Water, methane, and ammonia are key
components of Uranus and Neptune. Modelling
the planets’ internal structure, evolution, and
dynamo relies on the properties of mixtures of
these molecules at planetary interior conditions of
several hundred gigapascals and a few thousand
Kelvin. Mixtures of the described light molecules
at such extreme pressure and temperature
conditions exhibit intriguing chemical and
physical processes, involving complex bonding
configurations. It is commonly assumed that they
consist of an outer hydrogen-helium layer, an
“icy” mantle, and possibly a rocky core. As
pressure and temperature increase from the outer
layers towards the core, icy mixtures are expected
to lose their original molecular nature and to
exhibit a wide range of different states embracing
atomic, molecular, and dissociated fluids,
plasmas, and superionic lattices. In this work,
pure water, a water-ethanol mixture, and a
water-ethanol-ammonia “synthetic planetary
mixture” have been compressed through laser-
driven shocks along their principal Hugoniot
curves reaching dynamic pressures up to about
300 GPa and temperatures to 25000 K. These
experiments were performed at GEKKO Xl1
(Osaka University, Japan) and LUL12000 (Ecole
polytechnique, France) in a complementary
manner, which represent power laser facilities
and its related sciences in the world. The results
show that water and the mixtures undergo a
similar compression pressure-temperature path,
while their shock-front reflectivities behave
differently by what concerns both the onset
pressures and the saturation values of electrical
conductivity in the planetary interiors, with
possible impact on the origin of planetary
dynamos.

3 Paper Information

M. Guarguaglini, J. A. Hernandez, T. Okuchi, P. Barroso, A. Benuzzi-Mounaix, M. Bethkenhagen, R. Bolis, E.
Brambrink, M. French, Y. Fujimoto, R. Kodama, M. Koenig, F. Lefevre, K. Miyanishi, N. Ozaki, R. Redmer, T.
Sano, Y. Umeda, T. Vinci, and A. Ravasio, Laser-driven shock compression of "synthetic planetary mixtures" of
water, ethanol, and ammonia, Scientific Reports, DOI: 10.1038/s41598-019-46561-6
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Discussion Meeting for Laser—driven Shock Compression Experiments
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Laser-driven shock compression technique is a
rapidly growing experimental scheme for high
pressure and temperature generation, which is
capable of reproducing deep interior conditions of
Earth, solar system planets and also of exoplanets.
Scientific research using this technique is becoming
increasingly popular in worldwide physics and
geophysics community. In this workshop, we
discussed our most-recent technical advances and
scientific results using the technique, and share
ideas to construct future perspective of the research
field. About twenty of scientists and students with
background of high-pressure physics and
geophysics attended, who are working for not only
experimental research, but also theoretical one.

Public Lectures & IPM Facility Tours

> 2019.6.24 3 trainees from the governmental office.

> 2019.8.1 40 students from Okayama Prefectural
Kurashiki Amaki Senior High School

> 2019.8.1 110 attendees for the 73" Science Cafe
at Okayama Univ. (Assoc. prof. Yamazaki gave a
lecture)

» 2019.9.13 15 students on the Sakura Science
Program (10 from Kasetsart Univ., Thailand, 5 from
Okayama Univ.)

> 2019.9.25 19 attendants from “Misasa University”
(Life—time education program)

» 2019.11.2 11 students from Misasa elementary
school for Misasa Saturday School.
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The Institute for Planetary Materials, Okayama University has concluded an international agreement of
cooperation with the State Key Laboratory of Geological Processes and Mineral Resources at the China

University of Geosciences (Wuhan) (April 29, 2019)
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China University of Geosciences (Wuhan) is a key
national university in China founded in 1953, and the
State Key Laboratory of Geological Processes and
Mineral Resources has been active in Earth and
planetary science research using high temperature
and pressure experiment and geochemical analysis
as the IPM.

The IPM have hosted a number of faculty and
students from China University of Geosciences as
Joint Use researchers in the past. The two
institutions plan to conduct collaborative research
and seminar via mutual visit, and accept and jointly
supervise long- & short- term visiting students.
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The meeting for the cooperation of Okayama University, Misasa town and Tottori Prefecture (OMT meeting)

was held (October 25, 2019)
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The OMT committee meeting was held at Misasa
town office, and the Okayama University Executive
Vice President for Research, Nasu and the Director
of the Institute for Planetary Materials (IPM), Xue
attended.

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.

Fruitful discussions were made from a variety of
viewpoints on the education, research and regional
contribution activities by IPM, cooperation for
health care function between Okayama University,
the Medical Association of Central Tottori and
Misasa Onsen Hospital, researches on the utilization
of regional resources such as hot spring, etc..
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Associate Professor YAMAZAKI Daisuke of the Institute for Planetary Materials, received Japan Association

of Mineralogical Sciences Award (September 20-22, 2019)
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Associate Professor YAMAZAKI Daisuke of the
Institute for Planetary Materials was selected as the
21st awardee of the Japan Association of
Mineralogical Sciences (JAMS) Award, 2018, and
received the award at the 2019 Annual Meeting of
JAMS held at Kyushu University.

(Title: Study of the dynamics of the core and
mantle based on the rheology of constituent
materials and the associated technological
development of high-pressure experiments)

Associate  Professor Yamazaki was highly
regarded for his achievement in contributing to
understanding of plastic deformation mechanisms of
minerals under high pressure and high temperature
and the flow properties of the deep Earth via the
following researches that are based on experiments
using high-pressure facilities:

1) Technical development for high-pressure
generation and high-pressure deformation;

2) Flow law of the lower-mantle that consists of
two types of minerals (two-phase system);

3) Rheology of the high-pressure phase of iron, the
dominant component of the Earth’s core;

4) Other studies of the lower mantle

In particular, for the technical development of the
generation of ultra-high pressure, he succeeded in
generating 120 GPa, a world record, using sintered-
diamond anvils (that are made of sintered diamond
particles) on large-volume high-pressure apparatus,
for which the institute has been traditionally strong.
This enables precise experiments under the high-
temperature and pressure condition of the deep
Earth using large-volume high-pressure apparatus.

REYERRAIELREFYE Zhang Youyue S AHY JpGU2019 2EBERKREZTE

(2019 % 5 A 26 H~30 A)

Ms. Youyue Zhang, Ph.D. student of the Institute for Planetary Materials received the Outstanding Student

Presentation Award of JpGU 2019 (May 26 — 30, 2019)
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lEffect of iron content on thermal
conductivity of olivine with implications
for cooling history of rocky planets]

Ms. Youyue Zhang, a Ph.D. student of the
Institute for Planetary Materials received the
Outstanding Student Presentation Award in the
Solid Earth Science Section at the Japan Geoscience
Union Meeting 2019 held in Makuhari Messe, Chiba
for the following presentation:

“Effect of iron content on
thermal conductivity of olivine
with implications for cooling
history of rocky planets”
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Dr. Matthew Izawa, assistant professor received travel grant from the 2019 SAKU program
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Dr. Matthew lzawa, assistant professor received
travel grant from the 2019 SAKU (Supporting
Advanced activities of Key yoUng researchers)
program. He will visit three universities/institutions
in  North America to promote international
collaborations on space exploration missions of
Okayama University.

Misasa International Student Intern Program

The “Misasa International Student Intern
Program (MISIP) 2019 was held at the Institute
for Planetary Materials (IPM), Okayama
University (in Misasa, Tottori) during July 1 —
August 8 for undergraduate and graduate students
from both Japan and abroad to participate in
frontier researches. This program has been held
annually since 2005 for advanced undergraduate
and Master course students from both Japan and
abroad, in order to promote international research
and education and to foster the next generation of
researchers. More than 150 students have
participated in this program over the years, and
many are now active researchers across the globe.

From this year, the MISIP is held as part of the
Joint-Use/Joint Research program at IPM. This
year, six students from four countries (U.S.,
Canada, Russia, Japan) were selected among 157
applicants from 44 countries.

The intern students participated in three cutting-
edge research projects under the supervision of
IPM faculty and their group members for six
weeks. At the conclusion of the program, a
symposium was held for the intern students to
present their research during the program. This
was followed by a ceremony where each student
was conferred a certificate of completion from Prof.
Xianyu Xue, the director of IPM, and a farewell
party where the intern students enjoyed the last
moment of the program with IPM faculty, staff and
students. The following comments were given by
the intern students: “This was my first time to visit
Japan. The experience at IPM has been wonderful
and a great memory to remember.”*l would like to
put the knowledge and experience during this
program to good use after returning to my own
country.”*l hope this program will continue in the
future.”

019F(v32—2T0T95 4
Intern Program in 2019
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Graduate Education

Since 2010, the Institute adopted a doctoral
program as an independent Division for Earth and
Planetary Materials Science within the Graduate
School of Natural Science and Technology. The
capacity for enrollment is 4 students per year. The
program consists of two departments: Department of
Analytical Planetary Chemistry and Department of
Experimental Planetary Physics. No prior Master
degree is required. Qualified students are entitled to
receive financial support, in the form of fellowship
and research assistantship, for a maximum of five
years to cover their tuition fees and living expenses.
For international students, lectures and research
guidance in English are provided as needed.

In the 2019FY, one student newly enrolled in the
program, and two successfully obtained Ph.D. degree.

Please check page 12 for call for applications for
Ph.D. students for the April 2020 enrollment.
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Activities of Join Use/ Research Center, “Research Center for Earth and

Planetary Materials Science”
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IPM is a Join Use/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-use/research
opportunities to both domestic and overseas
researchers to access facilities and expertise
for chemical analysis, dating, and structural
analysis of terrestrial and extraterrestrial
materials and high P-T experiments under a
range of conditions.

Starting from the FY2019, five research
categories for Joint Use/Research at IPM
were newly designated in order to better
promote Joint Use/Research.

1) International joint research

2) General joint research

3) Joint Use of facility

4) Workshop

5) Intern-type joint research

The recruitment for all categories except
5) is conducted twice a year.

Joint Use/Research Projects accepted for the
Application in FY 2019

The call for application was conducted twice a
year and 52 projects, including 13 International
Joint Research projects, 38 General Joint Research
projects and 1 Workshop were approved throughout
the first and second call.
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Mineral physics study using diamond anvil cells
coupled with synchrotron X-ray and laser
spectroscopies has made unprecedented
contributions to our understanding of deep-Earth
physics and chemistry in the last few decades.
Along the way, there were some major
controversies. It became apparent to me that high-
quality, well characterized crystals need to be used
to provide reliable constraints on planet Earth.
About 8 years ago, | started this journey as an IPM
(or ISEI) Joint-Use researcher in collaboration
with Okuchi-san and many IPM scientists to use
the Kawai 5000-ton apparatus to make large high-
quality mantle crystals. These crystals have helped
solving a number of key scientific questions: the
spin transition in bridgmanite and ferroepericlase,
elasticity of the lower mantle, water solubility in
bridgmanite, to name a few. My trips to Misasa
were full of scientific excitements and memorable
experiences. IPM scientists were always there to
help me to get the experiments going smoothly.
Misasa and nearby countryside has so much to
offer about Japanese cultures and cuisines.

Q7= A, U REURFE (X)) EiRRg
(2)Fengke Cao, Ph.D. student from Western University, Canada
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I was honored to receive financial support from
the Institute for Planetary materials (IPM) to
conduct my research in Misasa between May 7 and
July 4, 2019 through the international joint
research program.

My research project is Mineralogy and Shock
Effects in Martian Regolith Breccias. Nicknamed as
“Black Beauty”, is a Martian regolith breccia, a
meteorite representative of the uppermost surface
of Mars. We were hoping to decipher the complex
mineral compositions and shock history of this
unique specimen using Raman spectrometer, X-ray
diffractometer, and EPMA at IPM. This
valuable experience also provided me the academic
communication opportunities with professors (e.g.
Izawa-san, Okuchi-san, and Moriguti-san) in IPM.
The professors were so nice and always instructed
me to operate the instruments hand in hand. I truly
believe the international experience will further
strengthen the connections between IPM and
Western.
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A lunch meeting between the Executive Vice President for Research of Okayama University

Promotion of Education & Research at IPM

and IPM Young Foreign Researchers (October 24, 2019)
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A lunch meeting with the Executive Vice
President for Research, Nasu, the Director of IPM,
Xue and 13 young foreign researchers (including
graduate students) was held. The participants spent
a lively time talking about his/her research, dreams
for science, culture, etc., while enjoying the Japanese
cuisine. Comments such as the following were heard:
“It was a good opportunity to talk with the executive
vice president, which raised my motivation.”

HEPSENMEB]  Conference Travel Grant for IPM Students
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The Institute for Planetary Materials has created a
student conference travel grant program to
encourage conference presentations by students. 4
IPM students made their presentations at the Japan
Geoscience Union Meeting 2019 during May 26-30,
2019, and Zhang Youyue received the Outstanding
Student Presentation Award.

Announcement

Ph.D. student positions available

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.

April 2020 enrollment (4 positions):
Period for Eligibility review:
December 19~20 2020 (2" recruitment)
Submission period for application:
January 30~31 2020 (2" recruitment)

For more details, please visit the IPM webpage shown
below.
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TEL :0858-43-1215 ({1t &)
FAX:0858-43-2184

/ ] Mkﬁq—%imﬁﬁﬁ"ﬁﬁﬁ Institute for Planetary Materials, Okayama University
T682-0193 ERERAE=EABTILME 827 827 Yamada, Misasa, Tottori 682-0193 Japan

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

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