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Effect of the pressure scale problem on the core density deficit
Takeshi Sakai (GRC, Ehime Univ.)"

Density of iron at the inner core boundary (ICB) condition depends on the pressure scale
adopted to determine a pressure of its equation of state. Here we examined the effect of the pressure
scale problem on the density deficit (cdd) of Earth’s core. The density deficit value differs from 3.4%
to 4.7% depending on the choice of pressure scale. I also estimate the possible amount of silicon in the
inner core and its several errors come from each of the uncertainty of the ICB temperature, core density,
average thermal expansivity, and nickel content. The silicon content variation due to the choice of
pressure scale is comparable or larger than the errors come from other uncertainties.

1. 1ZLwic
MR AL - RE S LT HIER DRZ D%
EL, BEOFERD THDIEOEE L DAR—
(0> 0core) 1E BOBERBRBEE L
THBNTWD, IS T 5 EREE T T
D pre W EEEDORREF RS AELOND
0, EJOBEIZANSNIZES A —v D
BIRICEL - T, ZOMRITER D, FRIZHIEK
DOWNKZITHY T 5 330-364 GPa DJE STl
2 — )V DIENZITBEETH Y, OB E
KREEZEZ DD ZTHEIAr—VREIEAR
AEOMETH 5,

2. FE

Z Z TliL., Mg0 A4 —/L (Keane EoS, Sakai
et al., 2016) ZJL#E L LC, Mg0, Pt, NaCl,
Fe, Fe-Ni, Fe-Ni-Si @ 300 GPa |Z } S Efi
7 — X% (Sakai et al. 2011, 2012, 2014) %
HIEOBEXRBR L OO TR EEL I
ho7- (D2 TSI ORERE), Ziuaxt
L, toEHAr—n (i) #8H L%
BICENENOHEEMD ENTZ T EL LS
LHMEFRER L,

3. MR LB

MgO A — LZ&JEHEL L, WEEBEAR (ICB)
DIRETE TGN, B ERaz EhEh
329 GPa, 5000 K, @=1.0x107° & L7=34&12,

WEERIC BT 25 EXRBIL, MskoGse
4.7%, Ni=b at. %DLGEIL 5.8% L 7x o7z,
FliERIZ DU T Dewaele et al (2006) TS
SENT-HERBEOMIL 5.3%THY . T
RARDFEL DFREDRKE I &2E X, 4F
DFER (4. %) & HEHBIVME & W 2 5, — 7,
Dorogokupets and Oganov (2007), Yokoo et
al. (2009), Holmes et al. (1989) ® {4+
T A= L U2 A B E KRR
OIEIXZNEI 4.5%, 3.5% 3.4%&720,
H%HE 2 DI OV TUIFHTIERVWMEE 5 2 5,
Fe-Ni-Si G4 DI & OIS Si 3%
AR TIZE 2 D3R A B U B /KR 5. 8%
BT HDICE ST R 5 L 6.4
wt%& oz, Zaucxt L, IEEREZAEE1000
K, @mDiiza+0.1x10°, ICB TOWNEEEEZ
DHLDODFRFAELTM, Ni EOREFEES at. %%

BELIZES, L& Si aFEIThTh
+1.6wt.% +0.6wt.% *2.4wt.% *+1.3

wt. %72 L 5 B, ZAUIxF L, Yokoo et
al. (2009) D A& A r— L AW HE50
BERBATHTD S1 &IE, 2.4%L 720,
R Mg0 27— DIGE & T 4.0 wth
L7\, BRI R O E R OHEE RIZ -
ZBDIETI A — )V DENZ L DRI, £ D
fitB 2 b DER & 7R L T A%
HOENVTRRREVWEEZRDEA D,

Keywords: Core density deficit, pressure scale, equation of state, light elements in the core
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Structures of amorphous hydrous sodium silicates under pressure

Tomonori Ohashi'*, Tatsuya Sakamaki!, Ken-ichi Funakoshi?, Takanori Hattori®, Asami Sano-
Furukawa®, Miki Muranushi®, Chikara Shito* Osamu Ikeda!, Yoshiaki Ito!, Yuki Shibazaki®,
Akio Suzuki® (* Tohoku Univ., Sci., 2 CROSS, 2 JAEA, * Univ. Tokyo, Sci., > NIMS)

1. HiY
BIETICBT D~ ~vDIRDE L, H
BRI OMEIE R 2 3 5 ETlna~A
HETHD, v/ vOREMEIT~ T ~DWY
LSRR EIC L > THRENTEY
FRIZKITZBE (5] 2.1% Sakamaki et al., 2006)
SOkEEE (B 2.1 Suzuki et al., 2011; Poe et al.
2006) &0 o I~ OWYPEIL S K R B
ERIET, MAT, 20X~ T<=0W
MIXZOREEIC L » CTHME - ZIHTE D7
D, ENEROEEZECER <D Z &1k
FAZHELBRZEV, £ 2T, TR (ND)
FEICESTEAT N U LERET T AD
EEZ OGREERNT, BLOWEIETTOR
EAKT MU T AR T T A O IERRAT %
Tolz, Fio, B X #EHr (XRD) 12
X oTEKF MY U LAEERE AL DO EIR
S DG G 21T > T2,

2. Bk

ND O HZEFEHZ X, SiO,, Na,COs ¥R D
IRE Y % @S LT O E THUREE S 7-1%
(IR, 2 L7- MK Nap0-8/3Si0, (NS8/3)
H T A&z, ND ERIZ L DMK NS8/3
H 7 A O &R AT X J-PARC @ BLI11
PLANET THTVM, VX4 BIDRY « =R
TV AEANWTEIEOS LK 7GPa £ Th
JEL7-, GHE/KNS83 T T A%, RE—Au7F
A NCHREO 6~ LFT L ENLT LR
M AV, K NS8/3 4T AT 5, 9, 12 wt%
DEKEMZTZLDOE ASRMICEE LT

#1 2 GPa, %9 1000-1300 °C 7> 5 [AY L THE7=,
St XRD S28r Tk, MK H 7 A2 5 wt%
BLUOW% DR K E N2 CTHFEHEE L
THio7c, XRD OREFAERRITIZ, ¥ A1 ¥E
VR EICHAETEY LI-EAS% (Yamada
et al., 2007) Z M7z, FEBRIXm =R ¥—
TR ERAIF FEREA% O PF-AR NESC T3 L. &
EEEREEEICIIX 22—y 7T BN
T A MAX80 Zffi~7-, BALZENB XL
OVEFE I 1.5-3.6 GPa, £ 1100-1300 °C T -
776

MR - BE

BN D15 B LT 2R 1 S(Q) T,
XRD, ND DWW AU BT JE I E
WE—E—7RNEm Ql~>7 L TEY,
EERIE R > b U — 7 M OULHE & 7k LT
oo WERTO7—) =R THH L
R ARREEL G(r) I2B W T, HEICRIT 5
7K NS8/3 #' 7 A\Z kb~ E H/K NS8/3 /T A
Si-O RO I NEWVIEFHEMEZ R L
7o £, BKEDOEWIL-TSI-OfEE
FEoOEMZEE b Bir-> Tz, Bz,
NS8/3-H.0 (9 wt%) * /L k@ Si-0OfiaFix
I EFAZ X o THFRITIE L 72— )7 T,
NS8/3-H,0 (5wt%) A/ ko Si-0OfiAEIx
FEAEBILL T o Tz, ZORER
. BKEICIKTE L EERRIE R A O % » b
U — 7 fEEOEV (] 213 Zotov and
Keppler, 1998) 7% SiO4 UKD K & S0
MaF BB A KT T ARt 2 R4 5,

Keywords: silicate melt, water, amorphous structure, high pressure and temperature
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Compositional convection and solidification modes of the Fe-S core
S. Urakawa* (Okayama Univ), H. Terasaki (Osaka Univ)

HIERLASMC, KEE T = AT NEBHRN 5
LMK T OXAFEERICE VAT
Wi Fio T\ %, Fiz, RiiDEEHEIX
KEEAICEBE OGN MO THEELEZ
LERTFEBLTWS, ZDX I /INREIKDOZA
FEEERETHDIE, =7 MR TH D
Bz b, a7 EETHIH Uz RS IR
95 “Fe-snowing” & L CTHIHL NS 7 B AN
MR Z R T W BndH D, Lal,
ED XD 7ET]  MEFITIBNT, a7 h
E#HrSEILTAIZOWTITEE LS by
S TWRW ARFER TIE Fe-S 2 7122\,
ZOMBEERET 5,

RSB S 725 a7 S 5 E
T5D00, FIE TN LEIET D080
IEWE, BAEEORS (VXX R) OIET
Al & 27 OWEE E AL O K/ TRE 5,
U H ADEFEAED T BN S WEEAIE R
HroElL, FOHAIL TR LERT 5,

Fe-FeS & DRl AL SV TiE, Buono &
Walker (2011) & F& % O3B/~ 5 10GPa & CT7
—EZRNbD, —F, WEEEARZ, FTxo
HEREREM D R - @ E T OBEER %

FAWTRIES - 7=, 10GPa £ TOEA#IC
BT, S<10 at%TIELY F 4 2D AR
IEWr AR E AR L D o KR E W RIRE T
b5, S>10at%x#2 5L, VXX RAARD
FF3/IN S UIREEAN LA F Tt < o JERIE X
D SIZETHR T, V¥ Z AAE & BEvE
FEABLIIIERIT 228, U ¥4 2 AEOH RN
/NS VMEIA DL Z D
ZOFERNG, T DOENH 10 GPa £ T
DO#IPHTIX, Fe-S =2 7 OE{LE— RiZkD X
227D, S<10atdDRERK TIX, = 71X T
25 Fe fEETH LEANE DS RET 5,
ZD7H, NZE EOFMBEITARERE & 72 )
U 28 =9, —F, $S>10at% T
a7 BB A E D, ElE L Fe
ICETHEECTIE, T L8k T 25956
RS 5, 72, LEE LY SICETH
BT, MTH L7 FeS 8% E LT CMBE T
W ED, 2O XL, a7 B CRE{b) A
ELH5EE, WTLbiiEa 7 LENIC Fe IC
Lo e B RAR O BEIR AN T AR S T EE AN
LENEL, MBCHAEE S5,

Keywords: Planetary core, Fe-S liquid, planetary magnetism, compositional convection
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Argon cycle in Earth’s interior

Shigeaki Ono* (JASTEC)

The high-pressure study of physical properties of argon (Ar) has been performed by high-pressure
experiments and first-principles calculations. An equation of state, melting curve, and some

thermoelastic properties of Ar have been investigated to 400 GPa and 3000 K. The estimated density of

Ar is smaller that of the PREM mantle, which indicates that the density crossover does not occur at the
bottom of the lower mantle. The melting temperature of Ar has a significant pressure dependence. In
the case of cold slab, solid Ar can be carried down into the deep mantle. Melting of solid Ar in the
upwelling mantle plume occurs at the bottom of the transition zone.

T A BRI Z O RINAR LT, IR JE )
DHERGE A~ =28 O RIGER & fif B 3%
72D —H —LLTHO THHATHD, i
HADHFTT LT AL T, KILZE iz
BRAEEIND~ U NVEEDT VI DTG,
KA ETHELZLEIRIBEN TS, DFED,
KEHFDOT NI DNEKITIET A F D
IKF DT NI DTSN D AT = AL TEL I
AT AT TIZRDIA TN, BV ZNT T~
VIUVHIEEER L B AR YRR SO
ARy IPEIFE~BHHEEINTWDIET TH D,
LInLZeRS, T NATTIZERDIAEND
AH =R BN OWTIEES L TR, Z D
728, T OHERNE CORD NS
FHVEL T, flix OMIEE DI EN AR
R THDH, AWFFETIL, #ER~ MUIZAEY
THEEESESRMET O, 7Aootz
RHELHZEZANEL, ARETIT, A
LoD T, B LIRENREIZTIER L
T, TOfERLENNL TREINET LD
RO HE T D,

AMFIE Tl mEZREEEFHE D2 DT
EEMA G DY, BIEERTIL, ¥ AVE
VYRT U BRI EER A E S Vv, e
OWE IS e 2R AL TH AR X B8
7 —2 RS LT, BUEFEBRTIX, R
POy 1B B E A BHERE R ORI
SEYEOFE 2 OB IEEHEE LT, @
BRIC I > TEIRTOMEM R Z R EL , $E
HENOEIESE T TotE RiEb o7,

ABFFE T OUREE T GH1E, e T 400GPa,
3000K T D,

WIREETRETHLT VI L, HikE
JE T CIXEROIREN L E ThH D=6, [ A
TN DIRBEFTFERERE LT, Z LT,
KT v b WLV O 725 FE (PREM)
EWELT-EZ2A, U MVERBETFTiEET AT
NTFENZT U MV E KB EE DS/ NSWNWZERN
oMo T, JEATIFSE ClE, v MUEE
HCEREVIRNEZLZENTEEN T
D, B EHIRO THIIFR THLZENEHELN
272 o Te, BURRH RS R DT LT o DOFR
HifRa AL o722 A, KRERIE RS
FFoTWBZEN TSN, ERE T 2000K
iz, T~ MLV TiE3000K 2L 502
2D ERZFESZENHBALE, 2ozt
[ = SV P el s N = e 5 2 S B
TRECTOHZ BT 5, o, L~ b
NBIOEBRETTH, ILAIATATT D LD
AR OFEIE Tl T AT R EER CIETEL
b, — . T NI OIRMRE~ Lo
MR ABRITERE R T TRETH, 2D
EMD, v MV ERFEEESITEIT N A FE A
TN NL, BRE R TR CIREE B G35
ZENRTREIND, ZNNHDOMFERE G, #
RN COT LT o DIFER AT = R 17 fiR B
T2 EC. EIAT V2L OB OJE kK
FED S CHAZENALNNI 2T,

Keywords: Argon, Equation of state, Melting temperature
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High-temperature heat capacity measurement of Mg,SiO, wadsleyite

Hiroshi Kojitani”, Yuki Tsunekawa, Masaki Akaogi (Gakushuin Univ.)

Mg,Si0; 7 AL 7 4 MWd) X, v> kL
EBREICB T D FEMBIEH DO —DLE R
LTS, MgSiO, Vo7 vy XA RO
EEBRE(Cp) A, HERDELIY b RENT
& 23 Kojitani et al. (2012) (2 X VB S S
Nz, ZOIREMTH 5 Mg,Sio, Wd &
DFXH 70 F 7 A = 3L X — BRI Y
TIER < o T, 2D 7=, Mg,Sio, Wd
DEIR Cp ZTHRET HMEMENAE T T,
2T, AW TIE, Mg,Sio, Wd 122\ T
DSC EIZ L 2 miRBVERHE 21T 72, %
7o, FERE Tz Cp & L CEVEME /X T 2
— X2 OFFHIZITV., S FIRENE T LEE
WL miEsMEE T o T2,

BV EE O M,Sio, Wd 1 X, FE Bk
FREONN I~ L F T eV ES A
EZHAWT, HEDED Mg,Si0, 7 4 /LA
774 b % 15 GPa, 1573 K T 2 FFH £
AWEINT D Z EIC LV EEAK L, [
INEUEHZ, NS X #REHTHIE 3 J OB
T ERIEIC XY Mg,Sio, Wd HLFE T
DL EMER L, mIRAEERIET,
AJIHfERL D DSC 3@ A W5 Z LIk
300—820 K DI EEHiPHIZ 351 VT 10 K DR
Rif@ED>> 10 Kimin D A% % Vi ETF — 4
EHUS L=, 7ok, DSC HIEICIXHARKRD
Wd k2 v, £ 0EE(IT 16,978 mg ThH

277,

ARWFFE T, 0.6%LL T DRTE RS BE T il
Cop MIRE S NT=, JEATHFSE D Watanabe
(1982) <° Ashida et al. (1987) (2L 5T —#
T D & AWFZEORIEME L 2—5%K
TV, ZOZ LN, ERHWsTE
Wd Ol Cp i, /NS TV Z &
MEBRIR I NI, EHIT, T34 DR
2 o = yuCul(K7V) Z HIW T B R R O E)
L. Katsura et al. (2009) (2% % P—V—T
7 — % ~® Birch—Murnaghan k& 5 =D
BRANZRT 4y NEMAGEDEDLZ LK
0., BRI NT A —FZ Ok a21T o 7,
5 OB N T A — & Bl Lok
WEET VERIZE D Cold, AWFZETRIE
ST Eii Co 7 —H& LIEFIZE S —E LT
BY., IHR5ERMA~OIFEFEE LTE
UTHLHI ENRBEIND,
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The stability of FesOs and Fe4Os at high pressure and temperature
Koutaro Hikosaka* (U. Tokyo), Ryosuke Sinmyo (U. Tokyo/Meiji U.), Kei Hirose (U.
Tokyo/Tokyo Tech.), Takayuki Ishii (BGI), Yasuo Ohishi (JASRI)

The oxygen fugacity in the interior of the Earth is largely controlled by iron-bearing minerals. Recent
studies have reported a variety of iron oxides with chemical compositions between FeO and Fe;O4
above ~10 GPa. However, the stabilities of these high-pressure iron oxides remain mostly
uninvestigated. In this study, we performed in-situ X-ray diffraction (XRD) measurements in a laser-
heated diamond-anvil cell (DAC) to determine the phase relations in both FesOs and FesOs bulk
compositions to 61 GPa and to 2720 K. The results show that FesOg is a high-temperature phase
stable above 1600 K and ~10 GPa, while FeO + Fe4Os are formed at relatively low temperatures.
We observed the decomposition of FesOg into 2FeO + Fe;O4 above 38 GPa and the decomposition
of Fe4Os into FeO + h-Fe;04 at a similar pressure range. The coexistence of FeO and Fe;Oj4 indicates
that none of the recently discovered compounds between FeO and Fes;Oy4 (i.e., FesOs, FeoO11, FesOs,
and Fe;Qo) are formed beyond ~40 GPa at 1800 K, corresponding to conditions in the shallow lower
mantle. Additionally, as some superdeep diamonds have genetic links with these high-pressure iron

oxides, our results give constraints on pressure and temperature conditions of their formation.

Key words: iron oxide, diamond-anvil cell, high pressure, Fe4Os, FesOs
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High-pressure phase relations in chromite spinel-bearing systems

1Kazuaki Yoshida, *Hiroshi Kojitani, *Masaki Akaogi”
(*Fac. Sci., Gakushuin Univ.)

71 I # A M Cr-spinel(Ch) & olivine(Ol)
Z LERRII LT 50T D, TDHT,
diopside(Di) D Eff A <> diamond % & Zp Ch
wEO EBEmEs I Z A N Ev s MV
HEEER LIz L& X B, £ DORIN DA < 3
STV D, LL, TORMBEL R EE
FBROMIIEIT 7 F iz ST, &
W92 Clix, Ch & Ol O LK TR TH 5
MgCr,04- M@;SiO4 5% & | Di-Ch @ E k43R T
&% CaMgSi,0s-MgCr.04 % O [ EAAER %
FEAMICHI DN L BEESZ v I 2 A F sk
B LT E R E 8 LT,

~IVFT CENVREZ -V, 2D DFRO
28GPa % ¢ 1200~1600°C C O Pl K & 17
U, EINECEF OB MRS X R — 2 &
FHRR AT & 0 AHBAER 2 IR E L7,

MgCr,04-Mg,SiOs % Tl 1600°C & 1400°C

(M1 oELLDRETS, K 13GPa LI E
TI% Ol & Ch 23 L. wadsleyite(Wd).,
anhydrous phase B (Anh-B), modified ludwigite
(mLd), garnet(Gty> W F oz ETe 2~3 fH
\ZZ b L, 20-23GPa T ringwoodite (Rw) +
calcium titanate (CT) N EIZ72 ¥ | 25-26GPa
LA 1= C bridgmanite (Brg) + periclase (Pe) + CT
INEEN g o T, FAHODHEN S~ 28T
VAFHRIZ RV SRR R | B A G
Keywords: high-pressure, UHP-chromitite
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CT Z &L MATITRD Z RSN,
F72, 10GPa LA FTlE Gt & H:AF3 5 Ch i
CaMEFENRNT EBRINT,

HEmEZ 1 I Z A ML, Ch & Ol 3%
i LTI S D40 Hp FE2S v & T
WRWZ END BEES v 2 A R DRRER
L7 BT R TH 10~13GPa TH Y, k
W~ FVNDIES ST TR Lz &
EIND,

i ® peiBrgiCT K
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{_wa * °\
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o
g
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1. MgCr204-Mg;SiOs 5% [/ (1400°C)

- R3-07 -



R3-08

&(AlLFe)OOH BEfE D EEERL

JII AN Eﬁ*

PANR NI SN

(/P NEE: N

/A vA kK- BGl,

KV AIFRZ, SRIEIR. RAHA
ALK - B U —FR X —HFJERT)

Single crystal synthesis of 5-(Al,Fe)OOH

Takaaki Kawazoe*, Itaru Ohira, Takayuki Ishii, Akio Suzuki, Eiji Ohtani
(Hiroshima Univ., Univ. Bayreuth BGI, Tohoku Univ., Carnegie Institution of Washington)

<[LZL®IT>

3-(AlLFe)OOH (%, HMERZEISICF T 5 KIE
BRAMHT 5 ECEHERATHD, ZOMHIT
~17wWt% b DR EF I, < MV FEEET
KELZLTAREER S D, 207D, 20
FHOYMEEH LI T HULERD 5,

RELHRE LT, I T &0 B DT
W FERTALA S L, AR & e HIE &
TV, IEFETIE, ¥4 YES 7 EL
L (DAC) % AW T= @ EEBRO W &
LCTiEHSATHD [1],

N6, ABFFETIEL §-(AlFe)OOH
RIELHAE G O S EA U AT [2],
<EBRJiE>

HIFEWEICIT AIOH); 3R S L <1
Al(OH); & Fe,03 DIRG M EZ W=, H¥
W AugoPdo 7 7B VIZEN A LTZ,

mEEA BRI, N HE~ LV FT ek
& % VN CTIT o 72, F2BRE ) - IR 13 21 GPa,
470K TH Y, 4hfRFFLAB LT,

[N ECEHE, RGBS, B X #RiE
WEE B o—T~A a7+ 74P —

ZHC T L,
<hE R & >
3-AlOOH + §-(Al,Fe)OOH KA HifE 5 D Ak
R L7z (M 1), B d D R & S1%.0.4-0.6
mm LT ToH -7, &(ALFE)OOH D
Fe/(Al+Fe)iZ. 0.0469(8) & 0.122(3) TH ~ 7=,
ARk L7z 8-(AlFe)OOH (X, DAC % v 7=
JEAMEZEE) & 2 E RO BFEICTE ] LT
% (Ohira et al. Am Mineral FJl]H),

6 ‘(Alo.ssssFeo.o47)00H
e 0.4 MM

1, 8-(Alo.gs3,Feo047)OOH KU HiFE EL DB,

[1] J Buchen et al. (2018), EPSL 498, 77-87.
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Dislocation creep of dry orthopyroxene aggregates
under high P-T conditions
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HERICBWT T L— T2 b= AREE
DI DICNER T L — ORI IE 150
MPa UL FEEZ LN TWDA[1], 7 L—Fh
DR TEGHTHDI I T HOBRET
500-600 MPa F2J& & 59X 5[2], D F v HuEk
T HOBEBEICB T L — hREN
(g9k) LCWABUMEND D,
BHEAITTL— T 2EBIZZWEST
b, BT UALIVIERWHRELZRL S 5 2
ENFEBRMICHEMEINTWSH[3], LML
WD ZAVTHAE SRR E O e bR S e T
R RIZEDFHITH Y . RKRD K 5 74k
DT ZBRHA L= COMERFT 21T
ZEIFHEETHD, £ TARFIETIE, Sk
ORI & WA ERN S, T L—
NREED 9940 ([ RIFTRIITHA DB %
S5 = & AR AT,

ARFFE T, LA 7 L— FNOLKMT
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VT T eIV E R A E & VD CRERE L
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EBRTH LN SI-EMWRN D, K ER
WCBWTHREHEN 4% ETER 7 V—71E
B (a7 200-1200 MPa) (ZE S Z & 2R L

e ZOER 7V —TIREIZBWT, #LhE
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ET11 em’/mol 3RO HNT-, B ozl
T O L OEIGRE P IZ 2 HAFET SR
N o, REFEA SR BIR Tl U — 7
WX ABENEIT LI E2 NS, Xk
WA s (100) B LD (010) @D 2
DOTRY EPBIE S, BBALONR—H— A
AR7 kUL [001] £721F [0k]] TH D Z &N
Thol, ZIHLORERIFET, R AT
WESHTWDS 2 5O FERT D ZR
((100)[001]35 X TX010)[001]) T X B ZEI &7
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IESTTWDLHLDEEZBND,
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