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It is now a
long time since
my memorable
sabbatical in
Matsuyama in
2003  during
the very early
days of the
Geodynamics
Research Center.
I thoroughly
enjoyed that

in Matsuyama and the
interactions then and since with GRC Director

stay

and long—time friend Professor Tetsuo Irifune,
and also with many other past and current GRC
staff, students, and visitors. I have visited
Ehime University and the GRC several times
since then, most recently in May 2017
following the joint JpGU—-AGU meeting in Chiba.
Following retirement as Director of the
Research School of Earth Sciences at the
Australian National University, and
appointment as an Emeritus Professor in late
2015, I have maintained an active research
program within the School’s Rock Physics
Research Group. During that time I have
supervised three PhD students through to
completion: Yang Li (2016), Chris Cline
(2018), and Richard Skelton. More recently I
have worked with two more PhD students:
Abdulwaheed

currently under examination,

Ogtnsami, whose thesis is
and Tongzhang
Qu who is expected to finish early in 2022.
In ‘retirement’, much of my time is spent at the

‘Lilli Pilli campus’ — our beach house at Lilli
Pilli beach near Batemans Bay on the southern
coast of the state of New South Wales — which
is also a meeting place for family.

We have continued to employ seismic—
frequency forced-oscillation techniques in
studies

of high—temperature viscoelastic

relaxation 1in mantle materials, and in
studies of cracked and fluid-saturated media
relevant to the Earth’s High-
temperature studies of synthetic olivine—
pyroxene mixtures, with PhD student Tongzhang
Qu and collaborator Uli Faul (MIT)

examined the role of orthopyroxene as the

crust.

have

next most abundant upper-mantle phase after

olivine, the onset of anelastic relaxation,

and are grain-size
sensitivity. Specimens containing 30% (Qu et
al., J. Geophys. Res. 126, 2021) and <5%
orthopyroxene, display closely

‘high—temperature background’ dissipation. A

broad dissipation peak of modest amplitude

re—examining its

similar

superimposed  upon the background  at
temperatures of 900-1050°C accounts for the
systematic variation with oscillation period
T, and temperature of the slope of the logQ’!
vs logT, trends. This dissipation peak is thus
with the
appreciable relaxation and is attributed to
elastically grain—boundary
sliding in these fine—grained materials

closely associated onset of

accommodated

d o :
mmpﬁo

G-05} d=3.1pm 4
= 59 (G,.. 1/Q) data pairs

cc; 1 (CHI2M)'2=0.71 |
=
=

w-15
5
g 2

-2.5

1T 0 1 2 3 4
log(osallation period, s)

Another highlight of recent research comes
from forced-oscillation
with ANU PhD
Abdulwaheed Ogtnsami and Jan Borgomano and
Jérome Fortin of the Ecole Normale Supérieure
Paris, of fluid-flow transitions responsible
for frequency dependence of elastic moduli

studies,

collaborative student

(dispersion) and dissipation in cracked and
fluid-saturated Axial
oscillation tests on a thermally cracked
specimen of soda-lime-silica glass,

media. stress—
water—
saturated at a low differential pressure (2.5
MPa), strong frequency dependence
(dispersion) of the Young’s
accompanied by pronounced

reveal
modulus
strain—energy
dissipation (Ogunsami et al., J. Geophys. Res.
125, 2020) Such frequency—dependent behavior,
attributed to stress—induced squirt flow of
water within the crack network, precludes the
direct application of

from

seismological
laboratory results
(ultrasonic) techniques.

conventional

23200000293200020922200020202020222020300222020
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< Thermal transport property at the lowermost
part of the Earth’smantle

Heat transport in deep Earth controls its

thermal evolution. Determination of the
thermal conductivity of the lower mantle (LM)
is one of the central issues for a better
understanding of deep Earth phenomena, such
as the manner of mantle convection, the
evolution of the magnetic field, and inner
core growth. However, it is poorly understood
because deep mantle pressure and temperature
conditions are quite difficult to replicate
for laboratory experiments. Prof. Taku
Tsuchiya and I have been studying the lattice
thermal conductivity (k) of the LM minerals
Our computational approach based on the
density—functional theory and the many body
quantum perturbation theory for the phonon—
phonon in Boltzmann transport
theory was successfully applied first to the
end-member of LM minerals, Mg0O, MgSiO;

bridgmanite, and MgSi0; post—-perovskite

interaction



(Dekura and Tsuchiya, 2013, 2017, 2019).
Since major mantle minerals generally form
Fe and Al solid solutions, the effects of Fe
and Al incorporations on the Ky, should be
investigated to obtain more realistic LM
conductivity. Recent experiments have shown
small kK, of Fe-bearing LM minerals (e.g.,
Hsieh et al., 2017, 2018; Ohta et al., 2017;
Okuda et al., 2017). However, the temperature
and/or pressure conditions of experiments
were far from the actual LM condition, and
the effect of solid solution on the LM
conductivity is still unclear. In order to
effect under the LM
have extended our
techniques to  the
realistic systems, Fe-bearing LM minerals, in
conjunction with the internally consistent
DFT+U method that well captures the Fe—0 bond
character (e.g., Tsuchiya et al., 2005).

investigate the Fe
conditions, we

computational more

Fe-free P =100 GPa
T=2000K

Phonon group-velocity (km s1)

Phonon lifetime (ps)

a 250 500 750 1000
Phonon frequency (cm™')

(Mg, Fe)0 ferropericlase (FP) formed by the
solid solution between Mg0 and FeO is
believed to be the second most abundant
(Fe, A1) —bearing MgSi0s
bridgmanite and post—perovskite in the LM.
Recently, we computed/determined
anharmonic and harmonic lattice dynamical
properties of FP under the deep LM conditions,

mineral after

have

which is necessary for determining the rky,.
Because these calculations cost large amount
heavily
supercomputers at Nagoya University. The
solid solution of ~10 mol% of FeO with the
in the found to
substantially reduce the K, of MgO by more
than 50% at the whole LM conditions. Our
analysis demonstrates that decreases in the
phonon group—velocity and phonon lifetime by

of computations, we used

iron low spin state 1is

of Fe
substantial reduction in the Kk, (Figure).
The Fe effect would affect the thermal
transport properties of the lowermost mantle

Now, we are currently working on the modeling
of the core—mantle boundary heat flux using
our ab

the 1incorporation cause such a

initio mineral physics dataset

including Kk, of Fe-bearing MgSiO; also
determined recently

(Haruhiko Dekura).
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PRIUSFIARE D=
“Investigation of strutural
transitions and melting/
recystallization dynamics
disordered system
under extreme conditions”

in

My research activities
are mainly focused on the
of
disordered systems (liquids,
extreme conditions, including
induced polyamorphism,
melting/recrystallization dynamics

phase behavior

glasses) under
pressure
amorphization
I mainly

and

use diamond anvil cells for high pressure and
high temperature experiments, and X-ray
absorption spectroscopy (XAS) for structural
characterizations. XAS is an ideal element

selective technique for probing the local



atomic structure and electronic properties in
disordered  systems. However, efficient
coupling of the technique with diamond anvil
cells had been largely restricted for many
years due to undesired glitches superimposed
on the XAS spectra which is introduced by the
Bragg reflections of the single crystal
diamond anvils. The possibility of wusing
synthetic nano—polycrystalline diamond (NPD)

anvils was a revolutionary change in the
field, and  offered great scientific
opportunity for the high pressure XAS

community. Several experiments related with
my PhD thesis and recent postdoc projects
would not be without
collaborations with prof. Tetsuo Irifune and
Dr. Toru from GRC. Within the
framework of PRIUS collaborations, we have
developed resistively heated diamond anvil
cells for XAS experiments [1], and studied
the local structural and phase diagram of a
metallic liquid alloy under high pressure and
high temperature (HP-HT) conditions [2]. Very
recently, we also studied the phase behavior
and melting

/crystallization
dynamics of glassy
and liquid Se
under HP-HT [3].
Thanks to the
NPD anvils, the
quality of the
high pressure
EXAFS data was
very good (see the
attached figure)
and allowed us s
to perform

quantitative
details and accuracy.

(Yimin Mijiti,
University of Camerino, Italy)
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[1] Y. Mijiti et al., Rev. Sci. Instrum 91, 085114.

[2] Y. Mijiti et al., Phys. Status Solidi PRL,
2021, accepted manuscript (in press).

[3] Y. Mijiti et al, manuscript under preparations
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