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10/31 (Advanced Science Seminar)

stability and
hydrous and

in the

“Recent progress for
solubility of
nominally anhydrous minerals

water

mantle”
Dr. Toru Inoue (Professor, GRC)

11/14 “Stability of (Mg, Fe)SiOs; perovskite at
high pressure and high temperature”
Takeshi Arimoto (Ph.D. student, Ehime
University)

“First—principles study on the high-

pressure elastic properties of
Fe?, Fe’-bearing MgSiO; bridgmanite,
using internally consistent LSDA+U
method”

Atsushi Hase (Msc. student, Ehime
University)

11/21 “Ab initio free energy calculation of
solids based on the one—step
thermodynamic integration: Revaluation

on the melting ©points of Mg0
and SiOZ”

Takashi Taniuchi (Msc. student, Ehime
University)

“Numerical  simulation on  thermal
convection of highly compressible fluid
with depth—-dependent thermal
conductivity: Implications for the

mantle convection of super—Earths”

Mayumi Yamamoto (Msc. student, Ehime

University)

11/28 “Planetary interiors inferred from
high pressure experiments on H,0 and
Mg0”
Dr. Tomoaki Kimura (Postdoctoral Fellow,
GRC)

128

12/5 “Melting experiments on the MgO-MgSiOs

system  under the lower mantle
conditions”
Satoka Ohnishi (Ph.D. student, Ehime
University)

“Synthesis of CasAl,Sis01» grossular under
high pressure and high temperature”
Koji (Msc. student, Ehime
University)

Kawakami

12/12 “Water solubility in Al-bearing bridgmanite”
Sho Kakizawa (Msc. student, Ehime
University)

“Reaction between magnesite and reduced

C-H-0 fluid wunder high pressure
and high temperature”

Shunta Tkawa (Msc. student, Ehime
University)

18

1/9  (Advanced Science Seminar)
“Crystallization of diamonds in mantle
- current understanding —”
Dr. Hiroaki Ohfuji (Associate Professor,
GRC)

<+ BEDEE

% 388 [E]“A new hydrous silicate in the upper

mantle”
Nao Cai  (Ph.D. student, Ehime
University) 13 June 2014

#3895 “Elastic wave velocity of polycrystalline

MjsoPyse mahorite to the mantle
transition zone conditions”
Zhaodong Liu (Ph.D. student, Ehime

University) 20 June 2014

#5390 “Next—generation in situ high—pressure
techniques using high—power laser and

XFEL: Toward femtosecond/terapascal
regime”
Dr. Yoshinori  Tange (Assistant

Professor, GRC) 27 June 2014



%5391[A] (Advanced Science Seminar)
“Linear and nonlinear analysis on the
thermal highly
compressible fluids — Implications for

convection of

the mantle convection of super—-Earths—"
(Associate
4 July 2014

Dr. Masanori Kameyama

Professor, GRC)

#392[0] “Synthesis of nitrogen—doped nano—
polycrystalline diamond”

Zhou (Ph.D. student, Ehime

University) 11 July 2014

Youmo

#393[0] “Chemistry and stability of phase H
in the lower mantle”
Dr. Masayuki Nishi (Postdoctoral
Researcher, ELSI-ES, GRC) 18 July 2014

(Advanced Science Seminar)

“Phase changes of deuterated hydrogen
hydrate induced by
orientational ordering”
Dr. Hisako Hirai (Distinguished
Professor, GRC) 25 July 2014

55394[H]

guest

(Advanced Science Seminar)
“Variations of isotopic compositions
of H, N and O between planets in the
solar system”

Dr. Hisayoshi Yurimoto (Professor,
Hokkaido University) 24 September 2014

33958

25396[A] “Subduction of continental materials

and its effect on the mantle convection”

Dr. Hiroki Ichikawa (Postdoctoral
Researcher, ELSI-ES, GRC)

3 October 2014

%397[m] “Crystal growth process of ballas, a
natural polycrystalline diamond”
Yuhei Takeda (Msc. student, Ehime
University)

“New phase changes of methane hydrate
under high pressure and temperature”

Hirokazu Kadobayashi (Msc. student,
Ehime University) 10 October 2014

#398[A] “Development of the double stage
diamond anvil cell”
Dr. Takeshi Sakai (Assistant
Professor, GRC) 17 October 2014

#5399 0] “Experimental study on the phase
transition and stability of CaS0, at

high P-T”
Taku Fujii
University)

(Ph.D. student, Ehime

“Diffusion of hydrogen in Forsterite”
Mika Hashimoto (Msc. student, Ehime
University) 24 October 2014
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Vincenzo Stagno
WPI #ZE8)

My name is Vincenzo Stagno, I am Italian
(Palermo) recently I from
Washington DC to Matsuyama with my wife and

and moved
my two little kids to pursue my research at
the Geodynamics Research Center. I obtained
my PhD at the Bayerisches Geoinstitut (BGI,
Bayreuth) in 2011
experiments at high pressure and temperature
using multi—-anvil presses to investigate the
speciation of carbon in the interior of the
Earth. During my PhD I visited GRC for a short
visit (3 month) to conduct experiments using
MADONNA press. After my PhD, I moved to the
Geophysical Laboratory (Washington, DC) to
Mao and Fei on

where 1 conducted

work as a postdoc with Dr.
various projects including synthesis of new
materials at high pressure,
polymorphic transformation and stability of

kinetics of

icosahedrite (the first natural quasicrystal)
at extreme conditions both using multi anvil
and diamond anvil cell techniques. In 2013 I
was promoted to Research Scientist at the
Geophysical Laboratory supported by a grant
funded to Drs. Russel Hemley. During this
period I had the possibility to explore
several interesting scientific topics and
establish new collaborations such as those
with Dr. Anat Shahar (GL staff member) and
Prof. Dimitri  Sverjensky  (J. Hopkins
University) to

work on carbon-related



projects. In particular, I performed multi-
anvil experiments to determine the diffusion
of carbon in Fe metal and the
This study

vision of carbon storage in the deep Earth so
far limited to presence of graphite,
and carbonate (either liquid or solid) and
opens new scenarios in terms of C isotopic

kinetics of

carbide growth. enlarges our

diamond

fractionation. In addition, I was involved in
a study regarding the formation of organic
carbon in subduction—zone fluids.

Since my PhD I have been investigating the
role of the oxygen fugacity, pressure and
temperature as key-variables to understand
the form that carbon takes at conditions of
the Earth’s mantle within synthetic mineral
of
peridotite and eclogite rocks. In addition,
I have been looking at inclusions in natural
diamonds as a further tool to understand the

assemblages representative natural

mantle redox state and its evolution over
time. I believe that such multidisciplinary
approach is needed to improve our knowledge
on the deep carbon cycle and its contribution
to the volatile outgassing. Therefore, 1
joined GRC from the 1°% of October (2014) as
a research member of ELSI (WPI) program as I
consider this a great opportunity to pursue
my research at pressures > 25 GPa with multi-
anvil presses using sintered diamond anvils.
This along with other advanced analytical
techniques here at GRC will allow me to find
out whether there were the conditions for the
Farly Earth’s to experience
oxidation event during which a large amount
of volatile species may have been mobilized

mantle an

from the interior of the planet to the atmosphere.

My family and I are very glad to live in
Matsuyama, a city with so much culture,
traditions, good and genuine food, and many

other similarities with our own town.

2333323232030032303033303003239332323323303003020332330
VE— Ly THRE <
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in the

% Distribution of trace elements
phases of the lower mantle

Collaborative researches in GRC were my
first work in Japan and it was a great
experience for me. From 27 July to 9 September
(2014) 1 studied new tools and techniques
that will greatly help me in the future works.

The main theme of the project is to determine

6

the possibility of occurrence of trace elements
in the lower mantle phases and establish the
influence of the degree of partial melting of
the We
decided to begin with a study of sodium and

concentration of trace elements
its occurrence in the perovskite of a lower
mantle (bridgmanite).
sodium will not go in pure MgSiO; perovskite
[Akaogi, 2007; Andrault, 2007]. Consequently,
the presence of other cations contributing
isomorphism is necessary. So the presence of
trivalent cation Me®" (A1%% Fe®)
realize heterovalent isomorphism: Mg?*+ Si
= Me®* + Me*.
weight percent) MgO provides undersaturation
which the
isomorphism with the formation of oxygen
vacancies: 2Me®" + VO = 2Si%* + 0*. We predicted
that this effect will lead to the entrainment
of sodium into the perovskite. In connection,
the main aim of study at the GRC was:
syntheses of perovskite with sodium at 24 GPa
and at temperature range from 1100-1700°C.

A series of experiments are performed using
8/3 cell assembly using 2000-tons split-—
sphere multi—anvil press.
to Irifune-sensei, Shinmei-san and Ekaterina
Sirotkina for their help in the study of the
experimental technique

As a result experiments were synthesized
perovskites with in the
composition. Dependence between the initial

It was suggested that

allows to
4+

The presence of excess (five

in silica  phases, allows

I am very grateful

variations

composition of the substance and synthesized
minerals will be studied. Presently we found
perovskites have the sodium content of up to
0.7 weight percent

Study of the behavior of trace elements in
the lower mantle conditions has important
petrological significance. It can help the
study of the structure and composition of the
of partial
distribution of

mantle phases and influence
melting on the
(Anastasia Tamarova, student of Moscow State

University).

elements

22200020222220020922220220202222022220222002220002
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% Faculty of Earth Sciences, China University of

Geosciences (Wuhan) PD Researcher, Chunyin Zhou

It is one year since my Ph.D graduation
(September 2013) from Ehime University. In
the past more than three years, 1 learned a
lot about the high pressure/deep
mineralogy and mineral physics in GRC. With
the support of my supervisor Prof. Irifune
and G-COE program, I got the wvaluable
opportunity to study the state—of-the-art
high pressure techniques in GRC and the

synchrotron facilities in SPring-8. My

earth

Japanese colleagues, Dr. Steeve Greaux and Dr.

Yuji Higo, taught me the ultrasonic experimental
methods and skills during my Ph.D.

I joined the high pressure study group
(lead by Prof. Zhenmin Jin) as a postdoctoral
researcher in China University of Geosciences
(Wuhan) after my Ph.D. The university is
well-known for its profound achievements and
education in the earth sciences in China ever
since 1952. The high pressure laboratory has
been equipped with a Walker—type multianvil,

and other
2010. High
experiments of phase transitions and
deformations have been carried out here.

I am, in cooperation with Prof. Yanbin Wang
and Dr. Tony Yu from GSECARS,
the construction of the ultrasonic system for
sound velocity measurement in the laboratory.
The experimental experiences in Japan helped

a Griggs apparatus, supporting

facilities since pressure

in charge of

me a lot. We expect to conduct sound velocity
measurements up to the PT conditions of the
mantle transition zone (20 GPa, 1700K) in the
future. Cell assemblies for high pressure
sample synthesis and ultrasonic measurement

are also designed. Now we are dealing with

some technical details (e. g. noise
elimination) and next we will put them into

use soon.
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2 hop-Fe DFERERAZRTIERE
% Fe [-edge XES of Fe-bearing MgSiO;
bridgmanite
High-resolution A-edge X-ray emission
spectroscopy (XES) was widely used to detect
the pressure—-induced spin transition, from
the high-spin (HS) to low-spin (LS) state, of
Fe-bearing MgSiO; bridgmanite (Badro et al.,
2004) . The  technique provide
information about the valence and

cannot
states
However, since the
from 2p to 3d orbital,
the Fe L-
the

substitution sites of Fe.
electron transition,
is allowed quantum mechanically,
edge XES directly

can present

distribution and intensity of Fe—3d character.

The first—principles method combined with the
Slater transition potential method 1is
selected to simulate the Fe L-edge XES of Fe—
bearing MgSiO;  bridgmanite the
supercells containing 80 The
generalized gradient approximation and more
sophisticated LDA+U method are used for the
exchange—correlation functional and half-core
hole approximation for spectral simulations
The Fe [I-edge XES of Fe-bearing MgSiO;
bridgmanite at pressures ranging from 0 to
180 GPa with 6.25 mol% of Fe incorporation

using
atoms.

10

was investigated. The spectroscopies of Fe
adopting different valence states (2+ and 3+),
(HS and LS),
sites (Mg and Si site) were investigated. Our

spin states and substitution
results indicate that Hubbard U correction is
necessary to correctly predict the band gap
of Fe-bearing MgSiOs bridgmanite. Furthermore,
important to
describe the spectral features. The Fe [-edge
XES depends weakly on pressure up to 180 GPa.
For HS Fe?" at the Mg site, one main peak
located at ~709.0 eV is observed at 30 GPa,
while one more localized main peak appears at
“711.0 eV in the case of LS Fe? at the Mg
site under 120 GPa,
main peak of Fe?" at the Mg site will be pushed
up about 2 eV during the spin transition.
Being different from Fe?,
larger attractive potential of Fe®', the XES
of HS Fe® substituted at the Mg and Si site
under 30 GPa show two and four main peaks,
which distribute in a range of 1.8 eV and 3.5
eV, respectively. With a 4 eV shift of the first
main peak, those main peaks will converge to
one peak located at ~712.0 eV after the spin
transition of Fe®. The sharpness of LS Fe’s
main peaks reflects higher localization of its
3d orbital, and the reason 1is that the
crystal-field splitting of Fe’s3d orbital is
included in the occupied states of HS Fe but
not in LS Fe.

In summary, the shift and sharpness of main
peaks identify the spin
transition of both Fe?' and Fe*. Furthermore,

the correction is also very

giving rise to that the

because of the

can be used to

valence states of Fe can be distinguished by
the profile of main peaks in the HS state and
also by the shift of the first main peak during
HS-LS transition. The substitution sites of
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Fig 1. Calculated Fe /-edge XES of Fe* at the
Mg site at 30, 60, and 120 GPa are shown in a,
b, and c. Counterparts of Fe* at the Si site
are shown in d, e, and f.



Fe* can be identified based on the features
of both main peaks and whole spectra,
the hybridization between Si and O is much
stronger than that Mg and O
(Xianlong Wang)

since

between
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PRIUS RIRREDE
Nano Polycrystalline Diamond: a revolutionary

tool for high pressure structural investiga-
tions by XAFS

X-ray Absorption Fine Structure spectroscopy
allows probing the local electronic structure
and atomic arrangement of absorber atoms in
at ambient
For over 30 years, diamond anvil
cells have been coupled to XAFS studies of

materials high pressure or

conditions.

11

matter at high pressure, but their full
exploitation at very high pressure has been
hindered by Bragg diffraction from the anvils
themselves. For many years, scientists have
struggled with this problem,
really been able to solve it.

availability of nano—polycrystalline diamond

but have never
The recent

(NPD) anvils represents a revolution for high
pressure XAS applications, because the small
size of the diamond crystallites and their
random orientation allows distributing the



diffracted in space, so that it
averages out 1into a background without
affecting the EXAFS signal. Thanks to the
high degree of optical transparency of the
NPD anvils, samples in the cell can be heated

intensity

using powerful lasers, can be investigated
using complementary spectroscopic techniques
and their pressure can be estimated by
collecting the luminescence signal from ruby
spheres. However, the important
breakthrough has been in providing “glitch-
free” EXAFS spectra up to very high X-ray

energies, where high pressure XAS studies are

most

particularly penalized because of the higher
probability of of
wavelength matching the Bragg condition.

X-rays smaller

The figure below compares the Xenon K-edge
absorption spectrum (E = 35 KeV) obtained
through a DAC equipped with single crystal
(in red) and NPDs (in blue)
respectively. The weak EXAFS oscillations are

diamonds

visible on the blue spectrum, whereas they are
completely submerged by the strong Bragg peaks

-0.50

-0.55

XAS for Xe-containing samples

— With nanodiamond anvils

— With single crystal diamond anvils
] ]

-0.60

345 35.0 35.5

E(keV)

in the red spectrum.
The striking difference in the quality of
the data justifies of the
“revolution” to describe the change in the
level of information that can now be obtained

the use term

by applying XAS spectroscopy at high pressure

At the EXAFS beamlines 1D24 and BM23 of the
European Synchrotron Facility
(ESRF) many users can now access NPD anvils
thanks to the PRIUS project, opening a new
window to high pressure XAS studies.
(Sakura Pascarelli, ESRF)
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