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10/30 “Thermal conductivity of Super Earth’s
mantle”
Dr. Haruhiko Dekura (Lecturer, GRC)

114

11/6 “Sound velocities of subducted basaltic
crust in the deep mantle”
Dr. Steeve Gréaux (Assistant Professor,
GRC/ELSI-ES)

11/20 “Two—dimensional numerical experiments

on thermal convection of highly
compressible  fluids with variable
viscosity and thermal conductivity:

Implications for mantle convection of
super—Earths”
Dr. Masanori Kameyama (Professor, GRC)

11/27 “A challenge to observe the process of
faulting in rocks at high pressures”

Dr. Tomohiro Ohuchi (Associate professor,

GRC)

1248

12/11 “Structural evolution of Si0, glass with
Si coordination number greater than 6’
Dr. Yoshio Kono (Associate Professor, GRC)

12/18 “Some recent advances in applications of

NPD to high—pressure science and technology”

Dr. Tetsuo Irifune (Professor, GRC/ELSI-ES)

1A

1/8 “Numerical simulations on overriding plate
behavior and mantle flow induced by slab
subduction in 2-D spherical annulus”
Ms. Mana Tsuchida (PhD. student, GRC)

1/22 “Thermal  and
between the core and mantle”
Dr. Taku Tsuchiya (Professor, GRC/ELSI-ES)

chemical interactions
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#532[8] “New high—pressure phases in the AlyOs—
Phase
crystal structures”

Dr. Youmo Zhou (Postdoctoral fellow,
GRC) 2020.7. 17

Si0, system: relations and

#533[E] “Ultrahigh pressure structures of
amorphous oxides investigated by the
opposed type double-stage cell

apparatus”

Dr. Itaru Ohira (WPI Postdoctoral

fellow, GRC/ELSI-ES) 2020.7. 31

#5340 “Rheology of bee—iron at high—pressure
and high—temperature”
Dr. Yu Nishihara (Professor, GRC)
2020.10.9

#5350 “First principles
hydrous phases in Earth’s interiors”

Dr. Jun Tsuchiya (Associate Professor,
GRC/ELSI-ES) 2020. 10. 23
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Study on sound velocity of
mantle minerals is a
powerful tool to understand
the Earth interior, which is
rapidly developed during
decades.  The
scientists of Geodynamics
Research Center (GRC) have

made enormous contributions

recent few

to  such in-situ  sound

velocity measurements using
combined

ultrasonic with

synchrotron X-ray techniques and the multi-

interferometry

anvil apparatus, and GRC gradually grew into
one of the most prestigious research centers
of high—pressure Earth science. I’ ve heard a
lot about GRC when I was a PhD student of
Institute for Study of the Earth’s Interior
in Okayama Therefore,
graduation in May, 2017, I was lucky to have
an opportunity to be a member of GRC, and
continued my high-pressure research as a WPI

University. after

post—doctor.

During my three-years in GRC, Prof. Tetsuo
Irifune, the authority on the sound velocity
determination offered me much guidance and
the other GRC members also greatly helped me
to gain intensive and systematic knowledge in
this field. Via cooperation with Prof. Steeve
Gréaux and other GRC members,
sound velocities and densities of wadsleyite
and hydrous ringwoodite at high temperatures
and high pressures.
ringwoodite are thought to be the dominant
minerals in the mantle transition region
(MTR), our researches are very important to
understand the constituent of the deep Earth

we determined

Since wadsleyite and

interior and help us to acquire the iron and
water contents in MTR. Because of superior
facilities and excellent environment in GRC,
I have achieved some success in my study and
work. Our research progresses have been
reported in many international conferences
such as Goldschmidt conference and JpGU, and
part of our results have already been
published (Sun et al., 2018, EPSL; Sun et al.,
2019, JGR), Besides scientific research, I
also feel deeply indebted to administrators
of GRC for all their kind help,
which, my daily life in Matsuyama was homey
and convenient

I left Ehime on June, 2019 and found another

because of



post—doctor position in Institute of Earth
Sciences of Academia Sinica in Taibei of
China. At present, I am making a cooperation
with Prof. Wen—Pin Hsieh and try to determine
the affection of iron and water on thermal
conductivities of wadsleyite and ringwoodite
via diamond anvil cell (DAC). Although their
technique is quite different from the sound
velocity measurements in GRC, our new topic
important supplement to my Earth
scientific research under a large background,
which help us to lift the veil of MTR. It has
been more than one year since I left GRC and
Japan. I am really missing my friends in GRC
and three—years life in Matsuyama. I hope in
future I could do more collaboration with GRC
members, after 1
mainland of China. However, because of COVID-
19 virus, this year is difficult for the
worldwide people. I sincerely wish the lives
of all GRC members are fine and healthy, and

is an

especially return to

pray the virus to vanish as soon as possible
% Institute of Experimental Mineralogy,
Russian Academy of Sciences

Research scientist, Nadezda Chertkova

I was a research fellow at the Geodynamics
Research Center (GRC) from May 2016 to May

2019. It was a great opportunity for me to
get familiar with state—of—the—art
experimental equipment, innovative

techniques and, most importantly, outstanding
people who helped me in my work and in my
daily life throughout this period. At that
time,
external heating system for the different
types of diamond anvil cells,

I was working on the development of

in order to

achieve high experimental parameters
(temperatures and pressures), corresponding
to the upper mantle conditions, and to take

an advantage of
monitoring the
samples visually
during
and performing
their analysis
in  situ. The

heating

adjustment of
inner assemblies
was done for the

diamond anvil
cells to obtain
the strong
infrared and

Raman signals during measurements directly at

experimental conditions. Using developed
methods and techniques, in situ spectroscopy
of the C-0-H fluid species,
the silicate minerals of eclogite assembly,
were performed in the stability field of
During my work at GRC I enjoyed
attending the “Core-Mantle

frontier

coexisting with

diamond.
Coevolution”
international seminars and the
seminars given by GRC members and visitors.
International conferences and seminars, which

were held at GRC, gave me a chance to meet

specialists from the various fields of
science and to broaden my field of vision. At
the same time, the help from research

coordination and technical development office
and administration of Ehime University made
my research going smooth. I also highly
appreciate support from GRC students and
Japanese class teachers, which resulted in
great improvement of my knowledge of Japanese
language and working culture.

After returning back to Russia, I continued
my work on technological developments for
diamond anvil cell experiments under the
guidance of Dr. Anna Spivak at the Mantle
Laboratory of the Institute of Experimental
Mineralogy, Russian Academy of Sciences
Currently at my laboratory I am surrounded by
the wonderful experienced
technicians, whose efforts and support were
essential for the establishment of externally
heated diamond anvil cell
combined with Raman spectroscopy at our
institute. This progress would not be
without technical knowledge and

co—workers and

instrumentation

possible
expertise that I was lucky to obtain in Japan.
Installed equipment is unique for Russian
laboratories and now we receive many offers
for participation in the collaborative
projects. The outbreak of the novel
coronavirus (COVID-19) in Russia did not have
much impact on our work, though we had to
postpone international collaboration. Masks
and gloves became a part of the daily life in
Russia and are required at the shops (see
photo) and on public transport

I was glad to know that my application for
the Joint Usage/Research (PRIUS) at GRC was
accepted this year. Unfortunately, the travel
restrictions imposed around the world due to
the COVID-19 pandemic situation are still in
place. first country to
register a COVID-19 vaccine and hopefully
international scientific cooperation in this

Russia was the



issue will help the humanity to overcome the
challenge. I am looking forward to visiting
GRC again and to
collaborative

continuation of

research and scientific

development worldwide
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%  Does the Earth’sinner core oscillate and
translate anomalously?

In a recently published study in Scientific
Reports (Ritterbex & Tsuchiya 2020, 10, 6311),



I have employed a theoretical mineral physics
approach to predict for the first time the
viscosity of hexagonal close packed iron at
pressure and

Earth’s
collaboration with the Theoretical Mineral

the extreme temperature

conditions  of inner core in
Physics Group at the Geodynamics Research
Center, Ehime University.

The Earth’sinner core, hidden 5150 km below
our feet, is primarily composed of solid iron
and is exposed to pressures which are ~3.3
that of atmospheric

pressure and to temperatures of ~5000-6000

to 3.6 million times

K, corresponding to the surface temperature
of the Sun. From seismological observations,
we know that seismic waves travelling through
the inner core show a strong directional
dependence, a phenomenon known as “seismic
anisotropy’ . This is likely due to the
alignment of the iron crystals, something
that could result from the deformation inside
the inner core. More specific variations in
seismic anisotropy between the eastern and
western inner core hemispheres have also been
reported. Other seismic studies furthermore
suggest distinct fluctuations in the inner
core rotation rate with respect to that of
the Earth’s Although
previous geodynamic modeling studies predict
that the hemispherical asymmetry of the
seismic anisotropy structure can be explained
by a translational motion of the inner core
and that variations in the length of day can
be explained by the gravitational coupling
between the mantle and a weak inner core, the

crust and mantle.

causes and mechanisms of these enigmatic
features remain unclear because these
modeling studies rely on the poorly

constrained mechanical strength of iron at

the extreme conditions of the Earth’ s center.

This mechanical strength depends on the
ability of minerals to undergo slow plastic
deformation in response to small mechanical
stresses, called “creep” , typically described

by a parameter known as “viscosity” . Creep
of crystals is accommodated by the motion of
imperfect arrangements of atoms 1in the
crystal structures called “lattice defects”

limited by

diffusion under the extreme conditions of the

and 1is particularly atomic
inner core. Such conditions impose technical

difficulties to laboratory experiments that

makes measurements of the inner core
viscosity currently impossible. Instead, 1
applied atomic scale computer simulations

based on quantum mechanics theory, called the
methods, to quantify
diffusion in hexagonal close packed (hcp)
iron, the most likely phase of iron stable in
This

ab initio atomic

the inner core. theoretical mineral

physics approach is able to predict
electronic structure and chemical bonding
highly accurately and 1is thus a quite
powerful tool 1in investigating material

properties at extreme conditions which are
difficult to handle by experiments. In this
study, the technique was applied to compute
self-diffusion behavior through the
formation and migration of point defects.

iron

Results are applied to microphysical models
of intracrystalline plasticity to compute the
rate—limiting creep behavior of hep iron
numerically. The modeling provides evidence
that the viscosity of hep iron is lower than
assumed in previous geodynamic studies and is
determined by the transport of shear through
the crystal lattice,

mechanism known as

a plastic deformation
“dislocation creep” ,
lead to the
crystallographic preferred orientations (see
figure). This suggests that plastic flow of
hep iron might contribute to the crystal
alignment and thus to the seismic anisotropy
observed in the inner core.

which can formation of

The results are able to shed new light on
the enigmatic properties of the inner core
It is demonstrated that the low viscosity of
hep iron derived from the theoretical mineral
physics approach is consistent with a strong
gravitational coupling between the inner core

and mantle compatible with geodetic
observations of small fluctuations in the
inner core rotation rate. The results

furthermore predict that the inner core is
too weak to undergo translational motion,
meaning that the hemispherical asymmetric

anisotropy structure 1is likely to have
another, vyet wunknown, origin. Instead,
mechanical stresses of tens of Pa are

sufficient to deform hcp iron by dislocation



creep at extremely low strain

comparable to the candidate forces able to
drive inner core convection.

rates,

The associated
viscosity is not a constant but instead depends
on the mechanical stress applied to the inner
core, a behavior known as  “non-Newtonian
rheology” .
is thus expected to govern the dynamics of
Future incorporation
of the rheological properties of hep iron
derived in this study in geodynamic modeling
will enhance our understanding of the growth,
dynamics and evolution of Earth’s inner core.

(Sebastian Ritterbex)

This non—linear deformation behavior

the Earth’s inner core.
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