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* Mode identification and determination of
elastic constants

« Theoretical aspects on calculation of
resonant frequencies
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3/3 “Viscosity contrast between majorite and



ringwoodite”
Dr. Yu Nishihara (Senior Research Fellow,
Senior Research Fellow Center, GRC)

3/9 “Measurements of elastic velocities and
elastic constants of nano—polycrystalline
diamonds with pulse and resonance methods
under fluid pressure”

Dr. Masaki Kimura (Assistant Professor,
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3/16“Synthesis of high—quality sintered bodies

of polycrystalline minerals at high
pressure”

Dr. Tetsuo Irifune (Professor & Director,
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3/23 “First principles investigation of the
plastic deformation of hydrous
wadsleyite”

Dr. Jun Tsuchiya (Senior Research Fellow,
Senior Research Fellow Center, GRC)
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Arata Miyauchi (Ph.D. student, Ehime

University) 27 January 2012
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mantle minerals”
Dr. Kiyoshi
Professor, GRC)

Fujino (Global COE
3 February 2012

% 317 [B] “Phase stability of boron relative to
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Dr. Jiagian Qin (JSPS Postdoctoral
Fellow, GRC)
“Synthesis and elastic
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Yongtao Zou (Ph.D. student, Ehime
University) 10 February 2012

% 318 [A] “Investigation of intermediate and deep
seismicity using acoustic signal

monitoring during multi—anvil press

experiments”

Dr. Julien Gasc (GSECARS, University

of Chicago) 13 February 2012

%5 319 [ “Elastic wave velocities of stishovite
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temperature”

Ryo Negishi (M.Sc. student, Ehime
University) 17 February 2012

#320[8] “Thermal condition(s) of upper mantle
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Associate Professor, GRC)
24 February 2012
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Growing up in South Africa, the lands of the



northern hemisphere in the world appeared to be
very far away, and so, most intriguing. As a
youngster I was always curious about what the
rest of the world must be like, hoping to see
for myself one day. So, when after completing
my undergraduate studies at the University of
the Witwatersrand I was fortunate enough to get
the opportunity for graduate studies at the
University of Michigan in the USA. I jumped at
the opportunity.

I started my studies in Michigan doing
geodynamics, and finished my MSc thesis on the
global density structure of the lithosphere
under the guidance of
Lithgow—Bertelloni.
with the physics of materials led me to enter
the field of computational mineral physics,
working with Lars Stixrude on the first
principles simulations of silicate melts in the
Mg0-Si0, system.

After a relatively easy american start to my
exploration of the world, it was time to get
more serious and move to Germany. Here I would
be introduced to the more traditional european
lifestyle, with the additional challenge of
mastering a new language. I obtained a position
as a postdoctoral research scientist at the
Bayerisches Geoinstitut (BGI) in Bayreuth,
where 1 continued my research work in
computational and theoretical mineral physics,

Carolina

However, my fascination

working with Gerd Steinle—Neumann and Dan Frost.

My time at BGI was very productive: in addition
to my continued work on liquids, I got my hands
dirty with thermal diffusivity in lower mantle
minerals, and also made good progress on
investigating the transport
properties of the liquid outer core. In doing
so I explored material compositions ranging
from liquid Fe and Fe alloys, Mg and Ca oxides
and silicates, as well as industrially relevant
phases, notably cubic BN.

After nearly three and a half years in Germany

electronic

it was time to move on again —— this time to
Japan, famous for its unique culture and rich
history. An opportunity to live here, learn the
language and experience the country first hand
is very difficult to pass on. Starting February
1st 2012, T joined GRC as assistant professor
in the theoretical mineral physics group. I
hope to use my time at GRC not only to pursue
further questions related to silicate melts and
electronic transport of liquid metals, but also
to explore some new avenues 1in materials
simulations

I look forward to a productive and very

educational time in Matsuyama. Who knows where
my work here will lead me to go next!
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% A trip to APS

Like continental crust, mid-oceanic ridge
basalts and sediments are enriched in silicon
and therefore, subduction processes are
suggested to provide a way of enriching the
mantle with Above 10 GPa, Si0,
transforms to a dense form called stishovite,
which could generate chemical and density
heterogeneities in the deep mantle. Although

studies reported the

silica.

numerous physical
properties of pure stishovite, there is still
few reports concerning Al-bearing stishovite,
which would be in a natural context, the most
abundant mineral of mid-oceanic ridge basalts

subducted to the mantle transition zone

Thus, I hot—pressed polycristalline samples
of Al-bearing stishovite with 1 to 6 wt% A1,0,
using 2000—tons multi-anvil press at the GRC.
I went to the Argonne National Laboratory

located near Chicago, to meet Prof. Yanbin Wang,
Dr. Zhicheng Jing from Univ. of Chicago and
former GRC member, now at Carnegie Inst., Dr.
Yoshio Together we conducted
simul taneous measurements of density and sound
velocities of Al-bearing stishovite 7n situ at
high P and T conditions at the beamline 13—-ID-D
in GSECARS.
dependences

Kono.

The pressure and temperature
of the elastic properties of



Al-stishovite were examinated up to 24 GPa and
1700 K by using a Kawai—type multi—anvil press
apparatus coupled with synchrotron X-ray
diffraction and ultrasonic interferometry.
Generally, we found that even Si0, + 1 wt%
Al,0, has sound velocities of P- and S-waves
substantially slower than pure stishovite.
Therefore,
amounts of Al and its possible coupling with
oxygen vacancies can influence the elastic
properties of Si0,. The current experiments
resulted in a valuable set of P-IV-T-V,—V; data
for various Al-content. Now we are working to
extrapolate those thermoelastic data to higher
P, T and Al-content in order to directly estimate

the incorporation of even small

density and velocity profiles for various
composition and temperature conditions relevant
to slabs subducted to the depths of the mantle
transition zone and lower mantle. This project
is still ongoing and will be continued in 2012
with a second visit to GSECARS. (Steeve Gréaux)
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% Internship stay in GRC

With great honor, 1 was provided an
opportunity to study at GRC as an internship
student from October 17 (2011) to January 13t
(2012). This is my first time to study in out
of China for a long time, and it is a very
excellent experience for me.
very much that GRC can offer me the opportunity.
At GRC, 1 attended the group of “magma and
fluid group” leaded by Prof. Inoue. He gave me
much help, and I learnt a lot from him, such as

I appreciate it

how to conduct high pressure experiments using
2000ton split—sphere apparatus, how to proceed
the study, how to interpret the result, how to
find and solve the problem and so on. I believe
that all of these will be very helpful for my
future research. Also, most of the people at GRC,
especially Cuiping Yang and Chunyin Zhou, have
helped me,
Matsuyama is a very beautiful city near from sea,
and its environment is very good. I enjoyed the
blue sky and the comfortable fresh air. During
my stay, I also attended the annual year—end
party held by GRC. It was my second time to play
bowling. It was so interesting and I liked it.

In addition, both
Inoue—sensei invited me to taste many delicious
Japanese foods, such as the famous sashimi and

and they were very friendly.

Fujino—sensei and

sushi. All of these activities gave me very good
memories and I had a really good time. So, I want
to say “Arigatoo” again to all the people at
GRC.

During this period, I planned to conduct two
subjects. One is “the fusion curve of K,CO, at
high pressure” , and the other is
element partitioning during partial melting of
carbonated pelite” using the high pressure
apparatus

“trace

Carbonate magmas are volumetrically rare
compared to silicate magmas, but the equation
of state of carbonate liquids is of great
interest to geologists. Studies on the density,
compressibility and thermodynamic stability of
liquids at high pressure are
important for calculating their buoyancy in the
lower mantle. Additionally,
carbonate solidus at upper mantle conditions is
a key factor in the deep carbon cycle

A series of experiments were performed in a
14/8 cell assembly using 2000 ton split—sphere
apparatus in order to bracket the melting
temperature of K,CO; at 4.0, 9.0 and 11.5GPa.
Using these result, 1 will calculate the
density and compressibility of K,CO; liquid
using K’ value at different pressure and then
discuss the reason of different K’
different pressure and its application in
geology. (Meili Wang, PhD student in Peking
University)

carbonate

location of a

value at
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% Spin transition in (Mg Fe) (Si, Fe)0;
perovskite from first principles calculations

We investigate the spin transition P-T
conditions of ferric Fe in
(Mgo_g375F €, 0625) (Sig garsFeq, o625) 03 perovskite (Pv)
from density functional theory  (DFT)
calculations based on the internally
consistent LSDA+U technique. This original
method describes  the
interactions between the d-states in Fe that
give rise to Hubbard splitting. Ferric Fe was
incorporated in high spin (HS) and low spin (LS)
states in both Mg—site and Si-site. First, we
calculate the phonon dispersion relations of
the Fe-bearing phases based on the direct

accurately local

method, where the force constant matrices are
determined by directly applying small but
finite displacements. The phonon
dispersion curves show that the acoustic phonon
mode frequencies are clearly affected by the
incorporation of ferric iron, particularly the
modes associated with the shear of the crystal.
This
significantly the shear wave velocities in the

atomic

implies that ferric iron decreases
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Pv phase. Then, the thermodynamic properties of
the Fe—bearing phases, such as the equation of
states bulk modulus
determined at the P-7 conditions of the lower
mantle from the calculation of the Helmholtz
energy based quasi—harmonic
approximation. The calculated volumes and bulk
modulus calculated at 300 K are consistent with
experimental results of Catalli et a/. (2010).
We extend the calculations to the Gibbs free
energy and we found that Fe in the Si-site

or isothermal were

free on the

undergoes a spin transition, from HS to LS at
56 GPa at 300 K and at around 80 GPa along the
geotherm proposed by Brown and Shankland (1981).
The spin transition decreases the volume about
0. 5% and increases the bulk modulus about 2% of
the Pv phase in the P-7 conditions of the lower
The spin transition pressure 1is
consistent with previous experimental studies
(Catalli et al., 2010; Fujino et al., 2012).
(Arnaud Metsue)

mantle.
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