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[%F&55C] Kakizawa, S., Inoue, T., Nakano,
H., Kuroda, M., Sakamoto, N., Yurimoto, H.
(2018) : Stability of Al-bearing superhydrous

phase B at the mantle transition zone and the
uppermost lower mantle, American Mineralogist,
103(8), 1221-1227, doi:10.2138/am-2018-6499
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20194F2 28 H (k) ~3 H 2 H(d) 12, %k
AR & JER AR L - Bt il st o T —~
v VIR L) BEIRBASSEEIAE T R A A
YEL R (NPD=t 2 XA ¥) OEEGERT~DIL
AT 2EES AR 7 L (Science and
Technology of Nano—-Polycrystalline Diamond,
STNPD-2019) Z Bl 7= L £,

BITE, NPD 13k~ 72 08P ~DISH N ED S,
% < DYHERIFEER D B2 > T ET, K
VIRTY U AX, BN O EE /L NPD — 2%
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Science and Technology
of Nano-Polycrystalline
Diamond (STNPD-2019)

28 February-2 March 2019 .

Deadlines for contributg
papers/posters and red

15 December

hitp:fwwwgre.ehime-

[1wd B
T & e Smmme

Topics and keynotes

m Synthesis of NPD and related materials (Tetsuo Irifune, GRC)

m Features and physical properties (Yanbln Wang, University of Chicago)

m Applications to ultrahigh pressure generation (Takehiko Yagi, University of Tokyo)
m Applications to X-ray spectroscopy under pressure (Sakura Pascarelli, ESRF)

m Applications Lo other high-pressure studies (Yoshihiko Takano, NIMS)

m New ideas and various applicalions (Yoshio Kono, GRC)

m Discussion & future perspeclives

Registration fee: free of charge
Banguet: 5000 yen (on-site payment at the registration desk, cash only)
Excursion to Uchiko-town: 5000 yen (on-sile payment al the registration desk, cash only)

GRC @PRIUS  Cordante

Contact: Madoka Wada (GRC official); wada. madoka.oh(@ehime-u.ac jp
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“Rheology of Deep Earth Materials”
« Point defects - Diffusion - Nabarro Hering
creep
- Line defects - Dislocations core structure
and mobility (mostly glide)
« From dislocations to creep - Dislocation
dynamics
« Advanced TEM techniques for characterizing
dislocations and plasticity
FHEEE . Prof. Patrick Cordier (Université
Lille 1)
HEF: 20184 11 A 5 H () 13 :00~16 : 30
2018 £ 11 A 6 H (UK) 13 : 00~16 : 30
Bl « B R G HFZEAR T AF dei@asig=s - 3F 3t
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“Rheology of Deep Earth Materials”

S Prof. Patrick Cordier (Universite
Lille 1)

HEF : 2018411 A5 H (H) 17:00-18: 00
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11/30 “Semi-brittle behavior of olivine at
high
occurrence of intermediate and deep—
focus earthquakes”
Dr. Tomohiro Ohuchi (Lecturer, GRC)

12R8

12/7 “Torsional deformation of hcp—iron up to
3Mbar”
Dr. Ryuichi Nomura (Assistant Professor,
ELSI-ES, GRC)

pressures: implications  for

12/21“Sound velocities of Al, Fe-bearing
bridgmanite in the Earth’slower mantle”
Dr. Steeve Gréaux (WPI Postdoctoral
fellow, GRC)

1A

1/11 “First-principles study of high-P, T iron
diffusion properties with implications
to inner core plasticity”
Dr. Sebastian Ritterbex (Postdoctoral

fellow, GRC)

1/25 “Epitaxial growth of semiconductor
nanostructure”
Dr. Fumitaro Ishikawa  (Associate

Professor, Faculty of Engineering, GRC)

R/
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*
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% 495[A] “High-pressure and high—-temperature
stability of methane hydrate in H,0—
CH4~NHs3 system”
Dr. Hirokazu Kadobayashi (Postdoctoral
Researcher, JSPS, GRC) 2018. 6.8

% 496[a] “Hydroxides in the Earth and planetary

interior”
Dr. Masayuki Nishi  (Assistant
professor, GRC) 2018.6. 15

% 497 9] “Crystallographic preferred orientation
of MnGeOs perovskite: An experimental
study using a D111-type guide block”
Dr. Yu  Nishihara (Associate
Professor, GRC) 2018. 6. 29

55 498 [H] “Effects of iron on lattice thermal
conductivity  of mantle
minerals from first principles”
Dr. Haruhiko (Assistant
professor, GRC) 2018.7.6

lower

Dekura

#5499 [A] “Al partitioning between phase D and
bridgmanite up to 31 GPa:
Implications for high electrical
conductivity, discontinuity and
deep earthquakes occur between 670
to 850 km”

Chaowen Xu (Ph.D. student, GRC)
2018.7.13

% 500 [] “Optical and mechanical properties

of nano—polycrystlline ceramics
synthesized under ultra—high
pressure: Toward  science  and
technology of “transparent nano-
ceramics”

Dr. Tetsuo Irifune (Professor,
ELSI-ES, GRC) 2018.7. 20

% 501 [] “Combined in situ X-ray diffraction

and electrical resistance

measurements of pressure—induced
phase transition and metallization
in ZnTe, ZnS, GaAs, and GaP”

Dr. Takehiro Kunimoto (Postdoctoral

Researcher, GRC) 2018.7.27

% 502 [A] “Technical development of double—

stage diamond anvil cell and
equations of state at multi—megabar
condition”

Dr. Takeshi Sakai (Lecturer, GRC)



2018.9. 28

% 503 [ “Major element composition of the
Hadean crust: constraints from Sm—
Nd isotope systematics and high-
pressure melting experiments”
Dr. Nozomi Kondo (Postdoctoral
Fellow, GRC) 2018. 10.5

% 504 [ “New high—pressure phases in the
Al,05-Si0; system”
Dr. Youmo Zhou (Postdoctoral Fellow,
GRC) 2018. 10. 19

%505 [@]  “Towards numerical modeling of 3-D mantle
convection with magmatism and plate
tectonics”

Dr. Masanori Kameyama (Professor, GRC)
2018.11.2

25 506 [7] “Development of a 2-D numerical model
for studying the
between the plate subduction and
back—arc opening”

Mana Tsuchida (PhD. student, GRC)
2018.11.9
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L H[6]C Elsevier ¥ ‘Magmas under pressure:
Advances in high—pressure experiments on
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% Synthetic Nanocomposite Ceramics of Jadeite
and Coesite

Alena Krupp (B3, University Kiel)

My name is Alena Krupp and I am a B.Sec.
student at the Institute for Geosciences,
University of Kiel in Germany

This was my second time opportunity to
spend four weeks at the GRC and continue my
project “Synthetic Nanocomposite Ceramics of
Jadeite and Coesite” , which finally became
the topic of my Bachelor Thesis

The major objective of this study is to
synthesize nano—polycrystalline
consisting of jadeite and SiOs—polymorphus,
to
enhance physical properties like hardness to
and toughness (Nishiyama et al. 2012).

During our last stay in summer 2017,

ceramics

as nanocrystalline texture 1is known

my



supervisor Prof. A. Holzheid and myself were
able to synthesize polycrystalline compounds
of Jadeite + Coesite at a pressure of 8 GPa
and a temperature range from 1300 - 1700 ° C.
This time we focused on Jadeite + Stishovite
at 15.6 GPa and similar temperatures to
compare our results

Therefore, I used the 2000 ton split-sphere
multi—anvil press with a 18/11 cell and in
addition for post-run analysis the Micro—XRD,
FE-SEM and TEM. We observed diverse behaviour
for the Coesite and Stishovite regarding
texture and grain The Jadeite +
Stishovite samples show a nice
polycrystalline texture, whereas the Jadeite
+ Coesite samples show a rather surprising
dendritic  texture of micro—crystalline
Jadeite with nanosized Coesite inclusions

As there are still many open questions, we
are looking forward to continuing our PRIUS
project and visiting the GRC and all its kind

sizes.
nano-—

of friendly members again very soon. A very
special thanks is due to Prof. Irifune, Prof.
Ohfuji, Dr. Shinmei and Dr. Zhou for their
help and advice at any time. I learned a lot
and had a great time!

% Characterization of Iron-based Nitrides
Meifang Pu (M2) and Shan Liu (M1)
(Sichuan University, China)

We are master course students from High
Pressure Science and Technology (HPST) Lab.
of Sichuan University, China. We came to GRC
for the first time, from 20th July to 3rd
August this PRIUS

year, for a two—weeks

collaborative study with our supervisor, Prof

Li Lei.

In this visit, we mainly used FE-SEM, TEM,
FIB-SEM and micro—XRD to characterize our
high-pressure samples, including Fe-H-N, Fe-

Nd-N and deformed diamonds. We obtained some

interesting result from our experimental data.

11

During our stay, we not only learned how to
drill the MgO octahedron and how to polish
the sample surface for SEM, but also learned
to use various analytical instruments,
as micro—XRD, FE-SEM and so on. We are very
grateful to Prof. Ohfuji for taking the time
to explain us how to use SEM/TEM and related
data analysis, and we also thank Youmo Zhou
and Chaowen Xu for careful guidance. It is
the GRC that provided us with this kind of
research atmosphere that finally made our
experimental results very satisfactory.

We are honored to join Prof. Irifune’s
500th GRC seminar in GRC, and his report is
very interesting and benefits us a lot. Many
thanks to Prof. Irifune and Prof. Lei for
giving us this valuable opportunity making us
fruitful. We enjoyed the
delicious Japanese food
forward to next visit

such

time especially

and are looking
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< The influence of high-pressure phase
transitions on mantle rheology of super-Earths

The Earth and other terrestrial planets
typically dissipate their internal heat by
solid-state convection of their rocky mantles.
These mantles, like that of the Earth,
expected to be mainly

are
composed of high—

pressure silicates and the oxide
ferropericlase, which is likely to be the
weakest  phase. Thus, the rheological

properties of periclase play a key role to
understanding the dynamics of the Earth and
planetary interiors. Although the Bl phase

(Fm3m) of MgO is stable under pressure and
temperature conditions of Earth’s mantle, it
changes into the ultra—high pressure B2-type
polymorph (Pm3m) if pressure exceeds ~500

GPa in the interior of super—Earths.
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With increasing pressure, MgO becomes denser,

which 1is thought to induce a viscosity
increase with increasing depth. On the
contrary, experimental deformation of

analogue materials suggests the B2 phase of
Mg0 to be mechanically weaker than its Bl-
type polymorph. The latter implies that the
B1-B2 phase
mantle rheology

transition may rather affect
of  super—-Earths by
viscosity decrease with increasing depth
(Karato, 2011). So far, no deformation
experiments are conducted in B2-type MgO.
Recently, investigated the above
paradox by studying self-diffusion across the
B1-B2 phase transition of MgO via the vacancy
mechanism (Ritterbex et al. 2018, Icarus).
Plastic deformation may be accommodated by
the motion of numerous lattice defects (e.g.

a

we have

dislocations, point defects, grain boundaries,



etc.), but bulk diffusion is expected to play
a rate—controlling role in most deformation
mechanisms at high temperature in planetary
interiors. Our theoretical approach relies on
of MgO
density
functional techniques. We have elucidated the
importance  of Schottky
defects in the B2 phase in the intrinsic and
B1-B2 phase
transition, we find substantial reductions in
defect energetics and demonstrated that a
reduction enthalpy of the
individual anions and cations accounts for an

electronic structure calculations

supercells wusing first-principles
non—interacting

extrinsic regimes. Across the

in migration

effective increase in diffusivity of by a
of ~ 10* Figure). Careful
examination of atomic relaxations indicated

factor (see
that reductions in defect energetics across
the phase transition likely to be
associated with 1increasing coordination
number from 6 in the Bl-phase to 8 in the B2-
phase. Our analysis suggests that diffusion—
controlled viscosity may decrease across
high—-pressure phase transitions with
increasing coordination number. Results of
this support the that mantle
convection in the deep interior of super—
Earths may be more vigorous than previously
thought. (Sebastian Ritterbex)

are

work idea

% New high-pressure forms of Al,SiOs

Al:,Si0s has three well-known polymorphs,
andalusite, sillimanite, and kyanite. We
recently discovered two new high—pressure
of Al:Si0s. The new phases are
tentatively named kyanite II and III,
respectively, and they are new members to the
Al,Si0s polymorphs. Previous studies showed
that kyanite is stable up to about 13 GPa in
the temperature range from 1200 to 2000 K and
dissociates into corundum and stishovite at
higher pressures. We first systematically
investigated the phase relations of AlsSiOs
by multi-anvil experiments at 13-23 GPa and
2000-2900 K and found that kyanite
transformed into two new high—pressure forms
of Al,SiOs at temperatures exceeding 2400 K:
the first phase transition (kyanite II)
occurs near 14 GPa, and the second (kyanite
III) occurs near 17 GPa. Kyanite II and III
have triclinic and monoclinic symmetries with
zero—pressure densities of 3.876(2)
3.982(1) g/cm®, respectively, which are
denser than kyanite (3.666 g/cm®) but less

forms

and
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dense than the isochemical mixture of Alj0s
corundum and Si0; stishovite (4.036 g/cm®).

Phase relations of Al,SiOs
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These density relationships agree with the
phase relations. The structural analysis on
kyanite III using single—crystal X-ray
diffraction indicated a V30s5—1like structure,
which confirms the existence of V305—1like
Al,Si0s that was ever debated between an old
experimental study (Ahmed-Zaid and Madon,
1991) and an old ab initio calculation study
and Brodholt, 2000). the
extreme stability temperatures of kyanite II
and IIT are much higher than the mantle

(Oganov Since

geotherm, they can hardly exist in the
current mantle, but they may form in some
shock events, which can generate high-
pressure and high—temperature conditions

comparable to the stability conditions of
kyanite II and III. (Youmo Zhou)

+ BR-BESREAVESAVYEY FOE
MEER

A YT RIIWE Tl OREE & B8 g
WA, WA R¥y o 7 L HEGAEE R, &
T BALE LICBEEOEN TSR LToW
P2 R, UTAE 2 BB & 8RR
BEE L CTORBRMENRRKRE S ER SN TS, FRZ
BHEINCHAND A F— R v T VA Z LN
S T2 T = EHERT N 2D RIA F 1,
FRkOBE = 2N F =IO PR 2 5 alett %
FEol-prkbe LTI SN TW b, ek, &il -
BEAKRL A YE Y RTIHYERT A A TEB
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(ZELD $H A, EOETMENE L COREEMIEK Z
HEYE LTI Z1T2 > T 5D,
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oL, YEREEOREZ R L. (Fukuta et
al., 2018) ., ZOHEFRIT. AERICE A XA TR
#%%kbf@i THENIELTCWVWAZ &, Fx U
7 O FEAIZ L - TED & SICE O EBMEN
BFoNDZEEREBLTND,

HA YT ROEB L, FHLO F—E L 7I12i%,
ZRENP (V). B (RUH) AL TNDEZ L
DR DI Thh>TW5D, ZHbEEIR - &
JEARIEEHAWTHEY A PES RICEATLH720
WL OO FEERA T, B OBANITHIES

f%<ﬁ%%ﬁﬁ#étw\ﬁ%mpk~eyﬁ
WCERER->TWD, 7., T/ 2EMT 1 YE
v RERRRIC P%%%ﬁ%%%?777%bkﬂ
B AN L CATz, TOHE. MENERZIT- T
ﬁé%®®m{WMﬁ_ﬁﬂﬁmﬂLTLioko
2 CTHEMLE . P 28 eEAR kS LT InP
BIRE L, [AEROEREIT o7z, EOREER. NE
I In & P REENZLATEY ROARITHKD
LTW%, [ARUEHCIIRE s IR 2 b+ 5 72
E. FNOOIENCLFErER LI EEDLA
kRS H Y . BAEIZFRENC T 5 X v 2E
ﬁﬂﬁ%@wfwé iz, m%@@Fm&4
YEL NP LHREA T IEAL, ZHIC
mf%mm¢é LT AWET D 2 &%ﬁ&
7me TOEBRIITENORERE AT, P HEAELT
STERBREIC B b R BT 2 v RIRICA
Z D58 u m~H+ pm OREERPHTH L7, RIS
IFIEFICEMEDO X A v REERTHY, T
HOEAYEL REDTE X T ¥ ILEEDNFEA
LTWAZENINETHHL TS, EZD
io&%LmM$Lﬂot NIATERMATH S
D, FORMENDE B LT, E 88
OGRS ELE L TORBLEZ b5,
b, @i BEARIEERA WA YESR
DEAMEHERBIDEL Y #lA DN O EFEIT LTz,
FERFE RIS EE L W AR W X 8% <
ZTOHEFES OO, BIROESHRE LR L
B EED TN D, Hl Tty T Iy
FigEIL, RIZBOELEINLFEO 7+ hayv
TANDZEIZESTZ, (EHL, 2017) KD
T a =Tk U CRAET RO IEMTRIC
BN D PR & e 2 T DB TR
FAXYEY FOEBEZHIBEL TESRY OV
B E A% BT TV 72, GRTAEFER DI &
FHEy)

23220000222020000092222022202220022202220022202022

| £EFIE - £EHZEHE (PRIUS)

<+ PRIUS FIAEDE

14

R0 A B (B0-Si0.5%) H T A1, FRERHIK
FMECHOEWT 7 2MbiEE b B, LR ANE
SROBRMBEEICEN TWA Z D, ERARES
FAARATVARHOT T 2L LTALFAEH
TWET, ZOH T AZH 72 HHREMEZ AT 5
ZENTENR. KV —EOFIHOIRA R E
NET, HT7 A @R) ook o FEid, Mk, EE,
BRI > TR IR R IR & - T3 % 7= 134l A
EORIGNENLET, ZNEELE LIEFEETY
T ADMMENIERIBICEL LE T, ZOEHE
TITFCTEDEIITAELENEZMAZ EIX. T A
DO IEBERF BB RN D S RE 2 LFO—DT
T, FIT, A BIIARFHREDL ton? L A



Ko THRT AW Z A (Nay0-B.0,-Si0:5%) 12
DUNT4 GPa, 800°CE TOSM: CTEEBVLIE 21T
VY, O L RO AR TEE LT,
FORER, Yo 7T RITRLED b DT THRK
THRIL6EETERLE L, £/, ¥ T R A
X0 HEIRTELE 21T S Z & T, HMHRMET
THWMED “BE” NROLNE L, HiEETEAN
ToRE R, ST H T AT OIEYUNERETE A £ O SECAT
RUFBOEIMZE > THERERZSNTNDLZ &N
DNy FE Lz, 6T, BEBENTT AOIFRE
IR D7 DGRCERE O E R EE R A E
(Orange—2000, 3000) Z TR (¢ 4. 5 mm) D
BEHTAZERLE L, BoNiHT 2D
W, BITRB L OO EERFEN (7 v ~5%) %
MELZEZ A, WL b8 L ., &g -
ROWMEEFTDHH T AT SL Z Enbny £

L7c, —MMIC, MAGEEI O A THERIEITE - K5
B AN S BT A 5A15D Z L IXREE T,
AWML T, RUTABET Z AZBNTH
R AL N 2 otk BICH s FETH D
ZEWRESNE L, A%IE, 10 GPax B x DHE
T CEBELSNT-H T ZAOMMEN E = F Tk
THMN, FTZDA =X ONTRA L~L
DIEEDBLEN DT TN FETT,

PRIUS TiE., X <MFE=EDFAEZE N CTHERIZ
ITHETNZTEWNWTWET, GRC TO R E
FIRE, B8 - st E 2 B34 bzt -
TREBWRRICZR>TWET, 8% LB EH 2
AL BEWWZ LET, RN RS B
(L1 FH B 3E)

<+ PRIUS FIAEDE

I am Wei Du
from
Institute of
Geochemistry,
Chinese Academy
of
(CAS).
I got a tenured
position at
CAS, 1  have
worked at GRC
as a research

Sciences
Before

scientist for
more than two
years (2014 to
2016), during which period of time I met many
talented colleagues and friends. I returned
to visit GRC by joining the PRIUS program and
collaborating with Professor Irifune on the
stability of pyrope—grossular garnet system
at high pressure.

Considering that most natural garnets are
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solid solutions, which are important for many

geobarometers, the mixing parameters of the
pyrope—grossular system are essential for
thermodynamic calculation. However, the
pyrope—grossular garnet system has been

reported as a non—ideal mixing system because
the large size difference between the two
substituted cations Mg and Ca. Therefore, it
is not proper to use linear interpolation to
the solid
solution from the end members (e.g. Geiger et
al. 2008, Du et al. 2015). In addition, it is
difficult to measure the mixing enthalpy or

calculate mixing volume of a

heat capacity or other thermodynamic mixing
parameters directly because these garnet
solid stable at high
pressure and it is not easy to get enough

solutions are only
solid solution samples to do
One way to solve this
problem is to determine the compositions of
(two at
different pressure and temperature conditions,
and the practical way to do this in laboratory
is to observe exsolution of garnet phases

I am really grateful to Professor Irifune
for providing opportunities to use the high
pressure facilities in GRC to the
classic yet challenging thermodynamic problem.
For the first visit in 2017, I carried two
heating experiments at 10 GPa and 1300°C for
about 3 hours heating. And for the second
visit in 2018, I have chances to use FE-SEM
equipped with EDS (JSM-7000F) to observed the
run products at 8 GPa and temperature between
1200 to 1300°C. Our preliminary results show
that increasing heating temperature is more
efficient to quickly bring the system to
achieve equilibrate condition than prolonging
heating time from hours to days

The
particularly enjoyable because it is a very
special and spiritual place. Now I am looking
forward to my third visit to GRC and Matsuyama
to get more fruitful scientific results and
to see so many old friends. (Chinese Academy
of Sciences, Professor, Wei Du)

pure single

these measurements.

coexisting garnet pair phases)

solve

days that I stayed in Matsuyama are
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