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“Carbon—bearing magmas and material transport
in the deep Earth’s mantle”
WA - Prof. Konstantin Litasov (V.S. Sobolev
Institute of Geology and Mineralogy)
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“Experimental investigation into the fate of
subducted carbonates and origin of super—deep
diamonds”

HEE  Prof. Jie Li (University of Michigan)
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“Thermo—chemical-tectonic evolution of
terrestrial planets: the key influence of

magmatism’
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2/3  “Estimate of the outer core composition”
Dr. Hiroki Ichikawa (Senior researcher,
ELSI-ES, GRC)

2/10  (Advanced Science Seminar)

“Diamond formation from various C-H-0
fluids under the mantle conditions”
Dr. Hiroaki Ohfuji (Professor, GRC)

2/24 (Advanced Science Seminar)
“Ab initio core model”
Dr. Taku Tsuchiya (Professor, ELSI-ES,
GRC)

4 A

4/14 “Ab initio phonon and electron conduction
in minerals”
Dr. Haruhiko

Professor, GRC)

Dekura (Assistant

<+ BEDHEE

55455 0] “Melting relations in the MgO-MgSiOs

system and the effect of other
elements under the lower mantle
condition”
Satoka Ohnishi (Ph.D. student, Ehime
University)

“Numerical simulations of
thermochemical mantle  convection

with drifting supercontinent in two-—
dimensional cylindrical geometry”

Akari Harada (Msc. student, FEhime
University) 2016.11. 11

%5456 @] “From modeling defects to the rheology
of the Earth’s interior”
Dr. Sebastian Ritterbex (Postdoctoral
Researcher, ELSI-ES, GRC) 2016.11.18

% 457 [B] “Synthesis of transparent sintered
bodies of polycrystalline pyrope at
high pressure and high temperature
and their characteristics”
Daisuke Furuta (Msc. student,
University)

“Lattice diffusion in B2-type Mg0”
Takafumi Harada (Msc. student, Ehime
University) 2016. 11. 25

Ehime

#5458 0] “Development of externally heated
diamond anvil cell technique for high
temperature studies of fluids and

silicate melts”

Dr. Nadezda Chertkova (Postdoctoral

Researcher, GRC) 2016. 12.2

% 459 0] “High temperature generation using
“Exploring the origin of carbonado,
natural diamond,
from its primary nano—inclusions”
Natsuko Asano (Msc. student, Ehime
University) 2016.12.9

polycrystalline

%5460 [A] “Experimental study on the stability
and physicochemical
methane hydrate under high pressure
and high temperature”

Hirokazu Kadobayashi (Ph.D. student,
Ehime University)

behavior of



“Equation of state of Al-bearing
hydrous bridgmanite:

development for in situ X-ray closed

technical

system experiment”
Sho Kakizawa (Ph.D.
University)

student, Ehime
2016. 12. 16

95 461 [A] “Metal-silicate partitioning of halogens:
Implications for the abundance and
origin of terrestrial halogens”
Dr. Hideharu Kuwahara
Postdoctoral Researcher, GRC)

2017.1.6

(JSPS

55462 @] (Advanced Science Seminar)

“ Recent progress for our “hydrous
bridgmanite” project”
Dr. Toru Inoue (Professor, GRC)

2017. 1. 20
#5463 A (Advanced Science Seminar)
“First principles investigation of
high pressure behavior of FeOOH”
Dr. Jun Tsuchiya (Associate Professor,
ELSI-ES, GRC) 2017.1. 27
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< Explorations of new boron-rich compounds
Hu Tang (D2, HPSTAR, China)

In system of high borides, boron atoms
display very complex three—dimensional arrays.
Usually metals and transition metals (e.g.
Li, Na, Al, Mg, Ca, Cr, Mn, Fe, W and Mo) can
be inserted into the three—dimensional boron

network, which may display fascinating



catalytic and thermoelectric properties. It
is also expected that higher boron—contained
compounds, may have a greater hardness by
forming short and strong covalent bonds.
Furthermore,
potentially superhard materials display two

(1) reduction

boron-rich compounds as

advantages over the diborides:
of the overall production cost because of
relatively low cost of boron compared with 5d
transition metals; (2) lower density and thus
light weight which benefit many engineering
applications. Static high pressure technique
provides a change for synthesizing new boron—
rich compounds. In this research project, we
focused on the synthesis of WB; and MoB; under
high pressure of 10~20 GPa.

I am very glad to have the opportunity to
complete our experiments in GRC. GRC is a great
laboratory. It has a

very comprehensive

experimental facilities. I learned many new
tools and techniques, which will help me in
future work. In particular, grasping the skill
of designing a suitable cell is important for
me. I am very grateful to Irifune—sensei,
Yashiro—san, Zhou—san,

and Li-san for their help during this time.

Shinmei-sensei, Xu—san

A series of experiments were performed
using 14/8 and 10/4 cell assemblies in 2000-

tons split sphere multi—anvil press equipment

The chemical composition and microstructure
were studied by employing micro—focus X-ray
diffractometer and field emission scanning
electron microscopy.
that the large—sized MoB, and WB, crystals can

These results reveal

be synthesized by a process of fast chemical
and high
temperature, which also help the subsequent
tests of physical and chemical properties
These fundamental understandings of these

reaction under high pressure

borides will reveal underlying physics and
chemistry that govern the phase stability and
materials behaviors under equilibrium and
extreme conditions, which may form the basis
for establishing a predictive
describing the correlation among materials

bonding

model

composition, microstructure and

controlling, superconducting properties.
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Many years have elapsed since my memorable
sabbatical in Matsuyama in 2003 during the
very early days of the Geodynamics Research
Center.
then and since with GRC Director and long—
time friend Professor Tetsuo Irifune, and
also with many other past and current GRC
staff,
Ehime University and the GRC several times
since then, most recently for the 3rd Global-
COE international symposium on Deep Earth
Mineralogy in conjunction with TANDEM 2013.
I hope to return to Matsuyama for a brief
visit after the joint JpGU-AGU meeting in May.
Director of the
Research School of Earth Sciences at the

I thoroughly enjoyed my interactions

students and visitors. I have visited

Following retirement as

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.

Disloc. creep, o = 150 MPa,
T =1200°C, P =0.3 GPa
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A recent highlight of my research is a
collaborative study with Ulrich Faul (MIT),
PhD student Chris Cline, Emmanuel David (UCL),
and ANU colleague Andrew Berry, of the high-
temperature rheology of synthetic olivine
that has identified the defect responsible
for the previously reported water—weakening
of mantle olivine (Fig.1 : Faul et al., Earth
Planet. Sci. Lett., 2016). It is a Ti-
hydroxyl defect, with a distinctive infrared
absorption spectrum, that is stable under the
relatively oxidising,
conditions prevailing within Pt-sleeved Ti-
doped Similarly
hydrous prevailing within Pt
sleeves are responsible also for reduced
shear wave speeds and increased dissipation
parallel
oscillation tests — probably through enhanced
grain-boundary sliding (Cline et al., Nature

water—undersaturated
olivine. oxidising and
conditions

observed 1in low—strain forced-



submitted). torsional and
flexural

molten

Complementary
of partially
that its
mechanical behaviour can be understood in

oscillation tests

synthetic dunite show
terms of the relaxation only of the shear
modulus, but the method proves to be

insensitive to possible relaxation of the

bulk modulus (Cline and Jackson, Geophys. Res

Lett., 2016). Another experimental PhD
project completed in 2016 by Yang Li,
involving a broadband study of the seismic
properties of synthetic glass media both dry
and fluid-saturated (collaborative with
Kneafsey, Berkeley Laboratory),
Emmanuel David, Douglas Schmitt,
of Alberta, and Seiji Nakagawa and Timothy

Lawrence
University

has clearly shown that ultrasonic wave speed
measurements at MHz frequencies and forced
tests at seismic  (sub—Hz)
frequencies probe different regimes of
stress—induced fluid flow in low—permeability
cracked glass materials.

oscillation

These results have
implications for interpretation of
seismological models for the upper crust. The
ambitious PhD project of Richard Skelton (co—
supervised with Andrew Walker, University of
Leeds) is with the
development and of versatile
computer
dislocations in

nearing completion
application

modelling of
including the
simulation of dislocation slip with and without

adhering point defects involving protons.

software for the
minerals

¢ RERRZFARZFREFRHER
FHEBIZ FILIFTA

FLIE 2009 4FE 4 A5 2016 4E 12 A £ TD 749
MHM, GRC TRMFEIZRY £ L=, FROETY
I G-COE ' /5 AR A K — |k LT-E4E T GRC
MRELSELDLAIELTWDEETE o2l H I
WET, Bzl o BT v — AR,
FADIENN T T HE ORI IS S8R b AL S
AU, BB ETH o 7o KIEILIEHR oW R 2N
Z T B 16~20 N\ORANETHATEL KTV

Lt/ DAC) Z—TF I 2T TCWE LT,
WO IT, (29 TIEAhnd, W, LA
TIEZRW & BRLTERE (FRICEF Ik
LHHMER L T) To T2 E3ED L < B
SNFET, £7-.6-COE 711 7T LDOMEENZ LY |
DML 7 — 7 C b {50 B Ot LR R T
HFOEANENLIRTE ERT (BFHL) FU L
I KREBIER N H -T2 2R 2 TEY £7°,
G-COE 7Yu /7 aD—EE LT, WIAENDOK
FOEL M A RO ERERSCEI S —, A
VHE— T Ta s T A BB BT T
WE L7z, YRFOFRMIE LIREZE T L CTERERN
b, WAWARGEOZ LD LT DRG0
TELERHITHY, ZNHIZONTEIHIZFELL
Y- E B ESTWEHGICE T, YEEOIR
DUIRER LN OE L NS O T Lz, BIZIXEFE,
TEREE S LIS SO OERIB WIS D .
BEIZIZ 72 o To /NP DI A 20 i U CHE E MRS
L7z TLH R0 £ THMT TITE, v—2
TN EMLTEMEEEEE2ITWE L, IhE
T, EMEREEEE, KA SR, SRR
5z, HHREafE 1t Bi jaya Karki 2% fadb22 s+,
KRiE=EHE 1. John Hernlund {#—+: . Christine
Houser f#i+:, i KFOFAELHLEIML T NEL
7o BIFMFIEE X — IREEERIIX)I TRk, £
L CRIIAN—_F o —0R, fEkE, EOEHK
T HIOD, REBEDORWIIRESZ1TR O Z
EMMTEFE L, M2y G-COE 7’10 77 A DIEHE)
E L Thbhviz, h—3xF =% (V> b
V) RS )L HIEREF IR (N1 B A )
TOU—T v ayHIBMLTZY, 1Y 741
=T REFNR—T LAY 3 6 KEFITHTE LT
0 & RIE O BT AROWEE ST 5 9 2T
KEFRBFRIMIEEEE LD ENTEE LT,
— 7T, GRC DA ELERKFOFA L
DOWFFEETEZEITZ T2 &b, KREMIEIZR DB E
ST LIz, FRIC, YIF GRC O E TS
S T AR A FE L3 X OBUE LR O Kb BLAE
SAENECO, L—F—F ol XA VYL RT
ELBENVHOIMBN TR AR T DL ANL—
FTAFZE 24TV ARKRHE £ S 13K O EE T To@
M, L—H—IIEDAC Z W CHE T S Ebra
ITWE Lie, HIZZ 0B KE HEOEE LT,
BRI AL R T C H AR FPIIRBL S Ol L 90 5 &
LT, BAEICHIZEZ LTWD LD T, KAEHE
FES AT, WFESERLE S 72 B iR KRR R
3 DB G THELL EIThZ Y | —HEITHF%E
BIToC&EELT, LT, &R, kniT- T
T2 L —W—DAC Z 7= [TEE FIZBIT 5 Mg0-
MgSi0; & @ fl fif B4R | (2 BA 9 2 fF 28 W 2R 28
[Physics and Chemistry of Minerals| E&IC$8#k
S, WEITFESITAS, HEFE2mAS L LT
5 ZATYE, BT o THERH LR & 1
k1 THET D2 L IO TORBRT, 6%
tr LFEDODETLE o I@E NN E BN ET



D, WOENREORAS L WVWIHWiBEE TR (?) (I
WFIEIZh A, & L TA, ZNEIIRD AT — U~k
AT NDDITEBERN S DR B 3, ZOMIC
b, GRC DEZL D x LIFEZEEIT O/ E, ZD
THEETWANARRRAFRI Z LN TEE LT,
AL, 201 As FOXKFHERR R R 75
W Z Lz L AT B EETIE
T E CHEIKICEIT DRI 2fT-oTE e &
BoTW=oTTNn, 5BVIRLTARD &, RIK
EJRELOMTE, KOFBRERR, £ L Tr A BED
FMRSEER 72 & 2 ZHFIXIRIRICBE T 2% D b
FTRTNSRAEHEZ TEE L, BERARETIEH
FERIHEMERF AR [ 5 RN oD 288 & )3 Hh Rt
(L1 DT= D ORHERZ E LTOERA L WS Z & T,
S BT THIERERER OWRIR) |27 +— B A L THI%E
ZiToTWZ H EHE-TEY 4. B8L% 8 4.
TNSARWEERKT TERICBHEEICR D £
L7=d, 2 CTHRAREZ LRI 8i- g
THEITIA TWE TN E S TR Y 77,

* BEXFAR (%) EHFE2IH
MHFERES BHE

FLAIX 2016
3 HIZ
GRC | Ci#
£ % W R
BAEfET
L. [FI44
AnNnbE
+ &2 A4 R
A
T v C
WET, BT L LA SR OMERET A
DEFE « BREZIT> CTWHEFET, TR L
X, ELELTESAOHEEICHD, VS
MEEATZODTETT, Hlziiya—ADER
HEVEI LA EAT- OO T AR Y, F0k, ik
EOBEMTIHESMONTOETA, TEOA
EIZBWTHIZT 223w e BnEd, 7=
2. mEERMTICH, BEEGEOET Iy A
THRUWEL =7 o EARv U o 2 —7p EOIRTE bAT
RO TWETOT, ZHFEHAD ST HE N EBNWET,

ﬂ#ﬁfﬁ@ﬁéﬁﬂ%%%i% SR DZR B

WhHET, BEEHIIRILEERLTENRD
@E%T\ﬁﬁ%%%@%hifﬁ\ﬁﬁmﬁi
Nr-EEREEZXS>TWEST, FO—F, EH
\C’D L HIEREALET £ C 1 B E CEX. 48
RSB, Wi B < BUEICH IR D 2 & 72 < fEF
AEEE L TCWVWET, £ TIEIH D 323,
& EILO O LIRNEEIN TWD =, f#H
BEILZRAeNn5 L CnET, KRITETIEES
=l *m#%bfmf&f%%b<@ofmi¢

GRC 1TIF - &L - LA L L TIEES
ﬁfﬁ%ibtowc% FELRE L EPRD, 4

MT&wfmmwmv%%F@#%
wt_ ICEBIhERTHET, f%¢
A Y¥E }\T/I:JWZA/}:VJI/?T/I:/I/WF%E
AEAEE A2 VT, ML 30 K BREOKIES FiX
2000 K LA EOEIRE T, ENIT 90 GPafREE T
&L FERITIRIAV RS ) fEIk S 35 TRR 2 228
Tk SHECWEE, ENOLOEEEL T, B
ZEDHED LI L S O EEM A # x T2 &
F L7, £7- KEK ° SPring-8 TOMEIIEFEER,
DRFHEL L ORBREERQ, FRCEELM O—5
. Bx 9o ESa—s30 COE HiE & B - =
e, B DORECHIRED T2 L L, ZiFE
W Z EIIRADOMPE L Te o TE D 77, %@
TeDFEAETPMRE, FHFEEDH 4 | ik - 1%hEIC
IZIEFITRG LTl 9,
BEOXETOERIL, BT RORAES
F OIS & OM BB T3, B K O AT
O WE N> TNDEDTHOHEREL TH
TEITHo TRV ET, BEASEOBRIL, &EH
A OB A4 TR < &R OMEHZBF L T
WET, ¥—Fy MIBERIT SR LIS b
@T HENEIRO X T 7 E28ET 2 DIC 3

SRICT, VT O&REETUH LA P
?ét NN SRS TiN IRl € S 2R RS YA SRl =
Hﬁﬁﬁ@%ﬂi#o%®twﬁmﬁm I
WE XA R) DB LBk A 40T/
PRI NA 2 & L ARG A & 1T EW OR R BR%S
LTk Ed, £/, BEAELSMNT G &EE
ZHOWIZHHMEBIOBRE LI To T8V £, 20
ALUMNT L AR— P23 @ S AEIZITE A TV D
XTI, U —H—& LTGRCIZH BRI
SHTWEELSFELERSTED T, GRC %~
T HILTEIDoTEEE- TV EEEERD
FELEEEEDLFENTE, WA CTH: - 72 H5%
RO A+ IE I, BARE CTE2REICLH
HEHESTEY £9,

ih

233330323203 03033232232332332200233332232203003020222
=1 -ﬂa%E
- BTOWAEREBN -

< Atomic diffusion in solid Fe at Earth’s
inner core conditions

1952 F. Birch showed that
crystalline iron is the main constituent of

Already in
the Earth’s inner core. The thermomechanical
properties of solid iron at high pressure and
temperature therefore mainly control the
dynamics and evolution of the Earth’s inner
core. One of those properties is

diffusion which plays a key role in many

atomic

processes, such as plastic deformation

(viscosity) and crystal growth. Ongoing

debate about the seismologically observed



elastic anisotropy of the Earth’s inner core
has led to several suggestions to find its
origin in non-uniform core growth, dendritic
crystal growth (core solidification) or in
solid-state flow (formation of LPO), all which
depend on atomic diffusion processes.

Since experiments are extremely difficult
at the pressure and temperature conditions of
the inner core, computational mineral physics
provides to study
diffusion in iron under those conditions.

an alternative atomic
In
this work, a computational mineral physics
approach is used to investigate diffusion of
vacancies by means of defect energetics as it
largely determines the of
diffusion. First principles simulations have
been performed to calculate enthalpy of
vacancy formation in FCC— and BCC- and HCP-Fe
in relation to self-diffusion at a pressure range
up to the conditions of the Earth’sinner core
Vacancy formation enthalpy controls the

diffusion process to a large extent as it is

rate vacancy

exponentially proportional to the inverse of
vacancy concentration. This intrinsic vacancy
concentration plays important role
metals in contrast to ionocovalent minerals

an in
extrinsic vacancy concentration can
determine effective vacancy diffusion. The
effect of pressure vacancy
concentration in iron to be
significant. With vacancy formation
enthalpies in the order of 10 eV at 320 GPa,
estimated the vacancy
concentration of the most stable HCP- and
FCC-Fe at 5500 K to be 0.01% of the intrinsic
vacancy concentration in BCC-Fe at ambient
pressure conditions the melting
temperature. This that pressure
substantially suppresses defect concentration

where
on 1intrinsic

is found

we have intrinsic

near
shows

in iron at inner core conditions. Consequently
the of wvacancy diffusion will be
strongly inhibited. The question then arises

rate

whether other mechanisms allow to enhance
vacancy concentration in iron under inner
If not, the latter will have
direct consequences for the interpretation of
the observed
anisotropy of intracrystalline
plasticity. (Sebastian Ritterbex)

core conditions

seismologically inner core

in terms

O
0‘0

Elastic properties of wadsleyite to the
mantle geotherm

Current poor knowledge on elastic properties
of wadsleyite relevant to the transition zone

10

condition largely stagnates  understanding
mantle evolution and water distribution in
the wedge mantle. Especially on temperature
dependence, linear extrapulation from low
temperature results (<1000 K, Inoue et al.,
1998; Jacobsen et al., 2004, 2006; Mao et al.,
2012) to the mantle geotherm (>1500 K) might
cause large error because of nonlinearity of

variation of elastic moduli. On the other

hand, Fe and water dependence on elastic
properties of wadsleyite have never been
systematically studied, which are critical

to understand the origin of the observed
seismic abnormalities and evolution of the
wedge mantle.
Among all the
elastic wave velocity,
the sole one that can realize both high
temperature and pressure. In this study,
employed ultrasonic method
observations developed by Higo et al.

methods to
ultrasonic method is

investigate

we
combined with
(2008)
to determine P- and S-wave velocities of
wadsleyite at high temperature and pressure.

We have finished ultrasonic measurements on
synthetized with different
apparatus and in-situ X-ray
(Fett=0 and 10), up to 1500K and 20
P- and S-wave velocities of wadsleyite
the Fe
increase. our results
variation of
among locations at the transition zone depth
could be explained by Fe content variation in
which
consistent with the conclusion from electrical
conductivities (Yoshino et al., 2009).

In the future, we would like to explore our

dry wadsleyite
multi-anvil
content
GPa.
display clear decrease trend as
Based

velocities

content on

seismic observed

wadsleyite except wedge mantle, is

synthesis experience and ultrasonic measure
technique to wet wadsleyite with diverse
water contents and determine P— and S-wave
function of

SO

velocities of wadsleyite as

pressure, temperature and water content,
as to constrain the water distribution and
its absolute content at the wedge mantle

transition zone. (Sun Wei)
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Our cooperation with GRC team and personally
Professor Tetsuo Irifune was initiated in 2012
Ekaterina Sirotkina, fourth-year
undergraduate student, visited the high-
pressure lab of the GRC and got a very good
The
results of this study were used in her Master

when

experience in multi—-anvil experiments.
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In August 2013, I visited the GRC and
gave two seminars on high—pressure components
of natural and diamond-forming
silicate—carbonate systems. During this visit,
the
Geodynamics Research Center and Geological
Faculty of the Moscow State University, which
was later signed by Professor Tetsuo Irifune,

Director of the GRC and Academician Dmitry
Pushcharovsky, Dean of the Geological Faculty.
A very important event of our cooperation was
International “Hi gh—-Pressure

course.
diamonds

we prepared an agreement between

an Seminar
Mineralogy: Theory and Experiment” , which was
held at the University
October 22, 2015. We were very glad to meet
professors Tetsuo Irifune, Toru Inoue, Hiroaki
Ohfuji (GRC), Hiroyuki Kagi (University of
Tokyo), and two students Natsuko Asano and
Masahiro Our

Professor Bobrov,

Moscow State on

including
Ekaterina

Kobayashi.
Andrey

group
PhD



Sirotkina, Master student Anastasiya Tamarova
(Moscow State University) and Professor Luca
Bindi (Firenze, Italy) participates in the
PRIUS projects, and students from the Moscow
State University every year visit the GRC for
multi—-anvil experiments. Currently we have
eight joint papers in high-rank international

journals.

The problem of the composition and
structure of the deep Earth has been debated
over the past decades. It 1is generally
considered that a relatively small group of
elements (Si, Mg, Fe, Al, Ca, and 0) is
predominant in Earth’s interior. A huge
experimental database is currently available
on a number of the model (basically

illustrating the Mg-Fe isomorphism in high-
pressure phases) and multicomponent (with

pyrolytic and eclogitic compositions) systems.

models of the chemical and phase
composition of deep Earth also should account
for the of
elements and, in particular, potential phases

However,

high-pressure behavior rare
accumulating these elements at mantle depths

In our projects, we study incorporation of
minor elements (Cr, Ti, Na, etc.) and their
influence on physicochemical parameters of
phase transformations on a multianvil (Kawai-
type) split-sphere press at the GRC. To
obtain maximally indicative values of minor
element concentrations and to plot reliable
P-X phase select the model
(mostly simple binary) systems, in which runs
are performed with small steps in pressure
(and/or
(concentration of minor element) variations

In recent vyears, our research was mainly
focused on incorporation of Cr, Ti, and Na in
the phases of the MgiSis0i2-MgsCrsSis0s (Fig

1) y MngiO4‘MgCI‘204, Mg8103‘MgTiO3,
pyrolite-Na-rich carbonate systems at 10-24
GPa and 1300-2000° C. Structural refinement
of the mineralogically interesting phases is
supervised by Bindi
performed by the method of single—crystal X-
ray diffraction.
Professor, Andrey Bobrov)

diagrams, we

temperature) and compositional

and

Professor Luca is

(Moscow State University,
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