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Light elements in the Earth’s core and implications for core dynamics
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Abstract: The Earth's core, as the deepest layer, consists of a liquid outer core and a solid inner core. Seismological and
cosmochemical observations revealed that the core is primarily composed of an iron-nickel alloy and a certain amount of light
elements including S, Si, O, C and H. The presence of these light elements are helpful to explain the density deficit of the core and to
provide energy for the convection in the core. Determining the types and contents of light elements, as well as the physical properties
of iron-light element alloys, is crucial for understanding the core dynamics, such as core convection, crystallization, and the
anisotropy of the inner core. Here, in order to provide constraints on the content of light elements in the core, we have discussed the
density, sound velocity, and phase diagrams of iron-light element alloys under high temperature and high pressure conditions. We
have also explored the effects of light elements on the core's physical properties and dynamic processes, including solidification
behavior, electrical and thermal transport properties, and the anisotropy of the inner core. Furthermore, we have emphasized the
critical importance of accurately determining the composition and distribution of light elements within the core.
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Fig.1 The structure of Earth’s core and comparison of densities and sound velocities of pure iron under high temperature and high

pressure with seismological observations
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Table 1 Summary of experimental and theoretical studies on the light elements in the Earth’s core determined by using

equations of state of iron-light element alloy
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Table 2 Summary of experimental and theoretical studies on the light elements in the Earth’s core determined by using

sound velocities of iron-light element alloys under high temperature and high pressure
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AT, 3/ 300 e i 5 R S B0 48 ) Fe- C IRV AR & 4 AT LA 2
P AZ % FEEK (Yang et al.,2019;Huang Y Qet al.,
2022), HIRR IR RY] R 0T LR E SR Rk
JAFA L (Huang et al.,2024), FHit, W& REE—1 &
ABICR M E RIS 4.

AHON N RIER N PR IR Z —(Li et
al.,2018;Wang et al.,2021). 021w, H AT
Fe-H4& 4 p Uil i 3 SR T # S DACIE T X 251
60 1 A TR B A% A e i 25 F , B AR 100 GPa. £EIX
S ST () R 5 I LY, FeH A 4 Y P % A0 & B 6t
7 S . X Thep-FeH ,0.23(6) %M A & it
AEASAT 5 PREMAS AL T Fr) A A% % 2 M1 P 3 (1513 5 Shii-
bazaki et al.,2012; Wang et al.,2021), $X1i, % Ffec-
FeH , A g 5 2 07 i 2 2 (19 50 (0.8%~1.3% ) K fiff b
IR 3 %) ) B4R (Mao et al., 2004 ; Thompson et
al.,2018;Wakamatsu et al.,2022;Yang et al.,2022;
Tagawa et al.,2022a), VTHIRFRISIISE &K BAEE L
4000 KAy il 254, SR FAES R B i EE Y
PR, SRR A R T Eh M R T e
K7 A E AW A FE M (Umemoto and Hirose,
2015;Wang et al.,2021;He et al.,2022), XFLRZE
T B & B 7 T 2 R AN R A B v B AR AL 4 SRy ER 2R
55, BEMSTEFe i MR AH Z 18) A th R 3), B A% B 2E I
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Fig.3 Comparisons of densities and sound velocities of the PREM, solid iron and iron alloys under the inner core condition

AR B A E AR A A 3
ROR 5 SA% SN R S O BR AN R (B13) . T
AT A T BEAFTE0.26%~0.34% I B T
% (He et al.,2022;Yang et al.,2023a), L4k, A0
WRICRAENAZ S T W AT e LU B+ BB AT, X
A RE X K 14 5 Y1) I 7S AR 2 BE AR A S e (He et
al.,2022), XHFE/D I A A ME TR T hE
il A2 b, 75 JHOUE IS AR P A 0 R R oK . X BB A5
BICRTENZ ST RAE e 34t 78 i A, 78
WA Al e R B A 2 FIE S R o R H S &)
REILR T IRATMER TR — Y BB S T BRI 4S
PRI, A >F 3 i 2050 Jo R N 174 5 1 5 1 S 36 A 5 PN A
AT Fe-H/O/CA 4 AR 1 5C 2 1 i 1 T L 6 ik
AT EARRREI

LR 4 A 5% o0 B N AZ B9 4 PV T 42
BETRBA . SEIRAH IR TE AR R ) & IR A5
{°F , hep-Fe-Ni-Sif 4 (AR b 5 Fe, Cs AT (El3c)

X — G A X T ek VR T R 4 P RO < ek T 3R
AFER T V,(Mao et al.,2012) , TR TCR M AR 77,
LA BV, VAR ANARA L 2 541 (Antonangeli
et al.,2010;Liu J et al.,2016). ULk, BIEHIRI4s 8
H & A S ICE Mhep-Fe-Sif4: vl BE M i B N k%
BB 2L T ) —Fhi&k 7% (Wang et al.,2021),
E— 21 K B0 730 J1 2435 R |, 7EFe-Si-C-Sik
A, SA RICER B = I U I A 4 43 BE 1 [R] st i
JE A% P % B RN 7 UM 2R (Li et al.,2018)

S FNELIS B 5T X6 [ S MRS K-t R IR R AR
o Tk R T B B R SR EAT T IR AT X s IR
Sy A% R ST R B R OR S AR T R 1 S A
A8, BRI, B S RIT R RIS G 07 X R S5
W) Z R BN T X A% R T R O e IR 1 R A
it S2u bk A LAFeSTE R AFTE , WA BB &
T HE N 3.9% ; #7 LAFe, STEUAF 7R, M & i n B & ik
9.7%(Badro et al.,2007)., Fe-CIKZ Ay =ik = L4
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WEWME T LA/ (Chen et al.,2014;Hu et al.,
2019;Huang Y Q et al.,2022) . [k, N T 5w
FRESME RN TP R T R & i, AT LR A % &
BICRIENIMZZ I8 1 53 FeAT o B H SR F s
1.2 HHEXZH

b A% R IV A o R A B A RS A R 4 A A
FANZNAEK, X —d B2z Bgk-RTRIRRTEN
B-AMZ A (ICB) 2514 F 2 fdAT o 1 A il 2 . 200
BT [ 2 RN A Ak =2 () 1 4 T2 i o Tl A B 0 1) G
HE L TEICBULIN 2] 1% fnb 25 %% % Bk K (0.55~0.82 g/cm?)
T FENES St B b, Kid 32 oo R ] Bewl B 7E WS
ShEH . X — R HRR T E BRI R (FIANFe,S |
FeSi FeO Fe,C;akFeH ) Bk PIA%Z 3228240 43 1) Al e
o M AZ A 53 T 5 B AL T SR Y R A1
1.2.1 LK TH-BALEZSLOHEBTE
#1330 GPaJE iR T8k 4 1 [ -VRAH OC = BRI A%
W9 T AL R R R G R — . B A
LHDACAHI R A XRDEA , k& &S E T
FIFR I O R A 3] T IR ARRSY , I & 3R 5 25 R Az ot
RO AR AL W R e 2 2 A 25 H 1 A e P (Mashi-
no et al.,2019; Yokoo et al.,2024), fEFe-CI& &R iR
R AL Sz T WL RI211 GPalfFesCRa @444, 1
#1255 GPa/ iR il Fe fllFe,C3(Mashino et al.,2019),
o U R vh i S BN N Fe; CTE245 GPalf /{5 4744
FE, TE R S 25 31 L PN T8 LR 1) B 4 7 A A8 B8 43
fiR LA (Hu et al.,2019), & ES2K 42 H Fe,C5 B2
B4 A5 HI7E205 GPaFI3700 K& E T s iESS

BERAESE . MR AR TR MRSl 1 R

mn R A5 X SR B HAE B i 25 F T 08 SE M (Prescher
et al.,2015). LA HIRTHIAL RN T Fe-CIA R
1330 GPaz& T HYAHIE , M IEI4aml 1, N HMEZ I Ak
50— 45 ShAH ] BB f&Fe,C5(Yokoo et al.,2024). 2K
T, 30X 17 5 AR ) A A i S E (3760 K) FTAZ 1
HFHRIE (2760 K), LA T 136 GPazeff T Fe-CIA &
AL SRR (&l4a) o LT T Y45 2R AT 8 2R HA%
R IT R F IR, JoIE LUFe-CAb T AL G 1Y
T o

X TFe-Sith &, Bl g Fom i34, HoAH X Rla T
il TEBARIES T 2R R AT 2R E S A, 4R,
TE e FE AR A AU 2 P [ 25 A o 3l O ik
WA RS AR BEAT 1 S B F 5T s, Fe-Sih & 7E
M RN Dihep 45 958 € 7 7F (Tateno et al.,
2015;Komabayashi et al.,2019), {HSEEAMNE,
Ozawa§ (2016)FEH , 76 &l 5544 F hep-Fe-Sify 4 7]
REHE S B2A5H . AN, A% ik & B EUS I Fe-
Sif 4 TE A A% 0 FHEE [ I, S A1) 108 10 AR
HIB2AH . kL8 SR B  7E % RS N R A
A RERME—RITR .

FELZ T Fe- SRR TE g TN R I B 200
MR EARESMET , Fe-SIA R 2B A LAY Fe-
FeSJudt ik R . BEE I A3E N, Fes S, A AH B
W23 S5Fesi FeSILfE (Feietal.,1997), P& 1M
HE— 25 TF i Fes SofE 2921 GPalt 475 Sy BA 1Y)y Ak
ZER [ Fe,S , X —HMITE 15250 GPaly FE 1 R F5fase
(Fei et al.,2000;0zawa et al.,2013;Mori et al.,
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Fig.4 The phase diagram of Fe-C binary system under the Earth’s core condition and the variation of the enthalpies of carbon atoms

in the form of different incorporation mechanisms with the pressure (modified from Yokoo et al.,2024 ; Pamato et al.,2020)
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2017). TEHEFEAEIT T, Fes SPEIE 2 45 F Fea SAHHL
X, Tateno ¥ (2019 ) # 1B i AH#E306 GPaFf13000 K& 1F
TARRFERRE . E BRI — s, A
120 GPafy JEJJ T, Fes ST RETE = I A% 11 T 43 fifk , T i
HANAEER B HTFHFesS, (Zurkowski et al.,2022),
X 25 IR AR R W TEAR I Y M AZ A5 1 R, T g
FEAE L B AT AN TE 5 A Ak AL B o X SR AN
ICEE T AN Fe-SIAR Z i HAH F BN, i X 9 4h
BB IC R & B R T kAR

A FEINNAE HAZ 1 = TR RS R, 4 FC . HAO
FRUNFEFERIEICER , BT T 7Ehep-Fe i ] B
BT W E K (Williamson and Smallman, 1953
Huang et al.,2005). $EAHEXT T8, R g,
TEFE IR T350 GPalb), [R] B AR (155 g 1 ey T 45k
SR, 24 1 77 #3350 GPalf | B ik &5 H AR5 A28 , iX
KRB TENRZE T4, 18] Bt fie FR B ik T B A7
(Kl4b;Li et al.,2019;Pamato et al.,2020), X} T SHI
SIETCERI &, LR E R 58404, W5 i)+
b7 ihep-Fe ) dis A & | 7EAR KA - IR i fR e &%
B IR P DL A R AR SRR e AR

FOF T3 7R , FEICB I )RR 2544 T, [l
RSB E 4 P RIS (H) V48 (O0) Mk (C) BA LY
PERE(ES), X —RIFEW X ETE ] RE L 5
TR RF B AAE T HoER LSRG £ R AR T2
XEERY VK E B A (Hou et al.,2021;He et al.,2022),
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Shy B gt 30 46 TR AR P ) ) BECRAS SRAIE TORR LA . M
BRI AL AT LLE AR 28 IR BR RS R T R IR S
W, 9t BRI R O A L RS T
1.2.2 BUEEB/RAMEPHIEZL £330
GPaWAMZI AR T AR ICR SERA M =50
GaERMIFRA T RITRN S EZEH LB RW
2258, BRI, Fe-CIR R 1y 4L SR ST 29 3%
(Mashino et al.,2019),Fe-SifA R FHEEZA N1.5%
(Ozawa et al.,2016),Fe-SIAZR & it 2 4 5% (Mori
et al.,2017),1fiFe-O& F & & = Wi 1 10% (Morard
et al.,2017a;0ka et al.,2019) . XEEHHE HFATHEME
THME R RIT R F A AR FRR

Tk VBT PR HC 7 1285/ TSk P ) R 43 i &R A
(D>0.7) , BN A e A 1 SC e 2 . Rlr Y B
181154 (Alfe et al.,2002;Zhang Z G et al.,2020) Fl152
Bz R (Sakai et al.,2023)—FFE , MEEE SR 1S
o, B AE [ AR P 43 T R D (S) Wk F R 5 (Yokoo
et al.,2019),BE/RERAE LA i E HE M, [H
B R W BN BT 18950 Bd 240 (Morard et al.,
2014;Hikosaka et al.,2022),#f—UFS HiAE %
WM, 2 T Sinl BE R HAZ P ) R OT R

I3 — 7 W, R TR S AATE T A g ax — ()
B, HATIUA B A e AR R —B, SEHT Y SE R g
JUT- A BEAE [&] 2k sz il 1) 42 ( Yokoo et al.,2019) , 5
A E R BT R A X H, — A E A IME A
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Fig.5 The phase diagrams of FeHy»,FeOq 0625 and FeCy s25 and diffusion coefficients of light elements (H,O and C) under high

temperature and high pressure (modified from He et al.,2022)
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R BEICBAL 1Y% B Bk K (Ozawa et al.,2010) ., #R1M, B
BB T AR X — 0 4 T PR, DA TR A =
T AT REAFAE B BRI [E1 S FeOJZ (Liu et al.,2023) .
X — R EAE N AR i T — Rk iy m]
fig , 2 W50 7E N X =2 8] 9 20 A1 7T fig s L FR AT SE i
INHRY B Z% . WV ETE N IMZRY 23 B A 2 AT
(ERINISLEOF! /T SO ) N v ¢ o 1 B 7 R (AR
i B R | SR MZ B b VR AL T 5 — R R ARHL I (Li
et al.,2019;Mashino et al.,2019) , RS TERH S8k
i BE AR (B3 R EXD (C) 40.2,

AAE BSR4y BLAT O — R Mk R 2
WFSE A — AR IR . 4T, 56 T Fe-HAL At &
SR I T B TP AE A 5 T — R TR e RS
E R R S 5 R SRS H i Y (Tizuka-Oku et
al.,2017;Tagawa et al.,2021), X300 T SL86 1) &2 2
P O & AR R Y i SE I X R SR TR R
M3k % (Machida et al., 2014 ;Ikuta et al.,2019) . 8
KT Fe-Ni-HRE LI 4R 1 | 3R 0 A 7E W] RERHLAS T &
TES P ) S B S A Th A ik A BRIl =
1%(Shibazaki et al.,2014). #X1fi,Pépin% (2014)J5
LRSS AL TR R SRR T s N Y S R
il T 7£67 GPafll86 GPaf i /1 F FeH, MIFeH; Fif
st A G AR EfF7E . X RWIFe-HA &1yt
mm i AT RE ) & R — UL 3l , NI 8 1% (Hikosaka et
al.,2022) . IF HIWFSEE L 45 A # e R SE I 5
PRSI — DR T A Fe-NiG G 1E = 451
THRARENEEAR) AT e 2P ESS%E
80% (Piet et al.,2023), P EICRELE B
1943 B 280D (H) Al fiE40.50(3)~0.70(3) (Hikosaka
et al.,2022; Yuan and Steinle-Neumann,2023),

S HATDC T MAZ 20 R VT 2 4510 2 2 T k-
BITR ZIUR R (HZ 0k & SRR
7R TR ICER (AR AR 0 52 Zi M 3 0] 3L g b A% 1 53
HAEEZE Y. {FFe-C-HIK R P, LK ML |l % R
VA PR3 B TR A AR v ) i I 2 BRI (Hirose
et al.,2019), XMV EE 09 FEAR AT e 5 18 S 8k b i
T OUARL, S T BN ROST i ] T o 8 4
K& B 1R] B A7, DT BB i o 3k — ) 2 AT B (2 1l
T4 NI BT R, Fe-C-HAEA A b BRI AL KR4
MIA R AE R ERAE T AR (Lai et al.,
2022)., SR BRAEB2-FeSin FLAT 8w (VA i
R TEFe-Si-C=Jeik &, | a4 iy 2 & A SifIC
fJhcp-Fe(Miozzi et al.,2020b,2022) . AL, BAHTS
B CIT R MY A7 TE B & BLRE 8 W 35 19 Jn S1% 43 it 5 4K
(Sakai et al.,2023), #RW0, RAZEICBHE 1k %)

BERAESE . MR AR TR MRSl 1 R

6500 KM, Fe-Si-C-SHt i A" ] REAL T 8K A9 T X
P 33X — S I s v T A [T A £k A% - i Bt
(CMB) i JE o X R WA K AT REJE i Fe-Si-C-S&
SR, AT BE DL EAE N EE A IOCE (Hasegawa
et al.,2021), X} TFe-Si-O =0k Z& , 20645 iR
Si0, 4% fitt A YA TE 33X 2R G TR A A TC v () i, 5%
8 HH S10, 10 A1 B (1) E A4 (Hirose et al.,2017), jX£&
K IE— L sR i T AR SR T R IC R M EAE
BB FTTR SRR 250

123 BLFEExTBARENER Tk,
KT Ekm AR AT TR AR, Sl e RS
FVHLS B 5E 245 R 48 7 BRTE330GPa I By Iy AL il B2
5900~6300 K(HH 45,2021 ). Feilt BIXHT LR IG5
BB 7s TR IU R AR AT X B AR B ) 35 5
i (Boccato et al.,2020) . AE6H7N , 1£90 GPaf & S ¥
B BRI T PR AR PR Oy (B35 X — R
XF T H i AL AR RS B BB . Ak, A
e th B 4 R AE 1 3% A hep-Fe MM LI | 76 M 25 1
T X —EHIA T AERFCMB R FE AL T b e ek 1y [ A0
R CHE R, I SCRE T — X BRI CMBIRE (Hir-
ose et al.,2019;Miozzi et al.,2020b;Lai et al.,2022;
Yokoo et al.,2024). Ik, —SLRFoEE R 4R G A% AT fE
R MITE R S P, R A A% i S0 15 780.30%~
0.60% (Hikosaka et al.,2022;He et al.,2023;Piet et al.,
2023), WX BT, % TEF) E TR X PR LR
JERY B, BV AR AR SR AR L T S
FIRESE A AL, 30RF SCRF H G A% il AR X AL AR A A
11 (Hirose et al.,2019),
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Fig.6 Melting curves of iron and iron alloys under high pressure
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SRIMT, X F Sifb RZ M, B 5 45 SR A — B (E16) .
— M5 KB, 7E90 GPali i J1 T, Fe-SiR 4 K 1k
155 A oMt I A Bl 35 2 5 (Boccato et al.,
2020),H B fEFe-CH A, SiXHALL I B 152 mi o il
S HAM (Miozzi et al.,2020b) ., SR, 3 TR #R /R 3%
FR A VR X SR U 5256, DobrosavljevicZ (2022)
P FE80 GPalty Fi 1 T ik i 3 PR AR R A & 15 L TR
B . Xt HLord% (2010) FF /R A LHDACK AL S5, 1T 4
L2 1) R A TR B B AR G2 AL VA TR NG 2 A A7
. BHIL, 38 YD BEAE Bk N A R AT, X k-
RICRZ U RIATIRANIE . 0K BY T 1 B 420
B AR SR DT R 48 78 N A 4% TT 3R I 2 A
b2 06 F T SR

2 HEEWETLE4HASEAE

BT HR-ROn R A e WO IR 5 0F T B
9, it B EE P EORIAR DG R A A% h TR 2
BRE, AP B4 T R e R Bk 5 &
it M PSS R T B R 19 95% , I HoHh
U 4B /R T ICBAR Y 8 35 % B Bk ER . X — BG4
] T —A W M TP R TR SR B E ST
Wi HE—L Ry r R FEE S N IE o #
BOtR M TR EBAEWASIME T . XA AT A
FRATERAL T —Fh gy k| B GE ok A% A2 T Y R A
BT E 5 B R BOR A R A A R R &
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PEPE R 08T, R S 28 0 3k | 285 i 7 D ) i
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AHEC R MR G, AT B T —dHAMZ A SRt ER
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S.6.15% Silh }20.10% H. i#f—EmfF5ss il oo E
e [ B Y 43 e 22 00T BE40.20(C) ,0.80(S) 0.9
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BURAEICBAL B AL IR E 416000 K (Li et al.,2020) , |3
T AR AR G R 443 ICBFICMBAE X6 7 4 3L 13 43 5]
SH(5600+100)K (Gan et al.,2022)14200+100 K, 575 A
W4 W) &5 —% (Hirose et al.,2013), SR, FHFHIE =
AR T ER Z (Al AH BAE AT B S 8O bR % i S A6 1T
THAE R 2E .

H T A RBFFE i i T 2Rl Re Y Mk 4155,
AR QAR R3 T I T W i
A BERAL A 58 45 5 Hirose % (2021) i — 12k T
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Fig.7 Comparisons between the equation of state and sound
velocity of the outer core composition by this study and those
of the PREM model
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FH A HAZ A IR BE TR0 DLAR | S ) M R W
)28 P AP SR AT 198 HH Y ICBAR TR 5400 K,
P9 SMZ AT RES> 51 Fe+Ni+2.5% ~ 2.8% Si+0.69% ~
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IR T HAZ 2H 0 1 BIF 5 435 2R O B Atk b A% 1 ) B
FiAgh S EAT iR T A BE SR . FOT R
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T AL, 8 T BE X Ml 3K W 7 1) 4 R R AR 7 AR TR B
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Hiu A A Shy Hb Bk NS SR R Ak 1 BB 22, L NS 1 B0
2Rt R XT EEAS HL R R A B IR IE 1952 W (Shahar et
al.,2019), M BYER-RITR GG RE B MY
PR, R PRAR A% Bh 12RO . o Ron Bk
T2 - A AE TR A SRR 15 T 4 s A% 1)
ARZS RN AL L B bR & shblaz 17 5 Rl ) 3 F 2
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Table 3 Summary of compositions of proposed light elements in the core

FRE J7 % S/% Sil% 0/% Cl% H/% S 300k
0.14 6.15 0.75 0.2 0.1 £’
1.7 0~4 0.8~5.3 0.2 0~0.26 Hirose et al.,2021
0.6 0.3 2.4 0.64 Umemoto and Hirose, 2020
1.7 2.7~3.0 0.05~2.5 0.32~0.59 Sakai et al.,2023
A% LORe7k 7B s
2.1 6 0.9 Zhang et al.,2016
3.5 0.15 0.61 Hikosaka et al.,2022
1.9 3.7 Badro et al.,2014
5.8 0.8 Komabayashi, 2020
0.11 5.54 0.04 0.06 AL
0~1.1 0~2.3 0~0.1 0~1.3 0~0.23 Hirose et al.,2021
0.69~0.70 2.5~2.8 0.23~0.43 Sakai et al.,2023
OR7/L7/BLiES
1~2 6 3 Hirose et al.,2013
1.63 0.70 Li et al.,2018
[SEES
3.22 0.12 Wang et al.,2021
1.9 4~5 <1l 0.2 0.1 Wood et al.,2006
1.9 6 3 0.2 0.06 McDonough, 2003
HERIE2:
1.21 7 5 Allégre et al.,2001
8 0.5 Rubie et al.,2011

AEEGR . G0, #iZ b iR e RTE N IMZ A T 45
wn ARSI, T 7E M BR E ) /8 T b sk oy A% R 1w |
7 2 b BRAMZ TIER | iy 3K 2 i 7 4t T H A g i
38 (Fearn and Loper, 1981), FEFaiSC HiAZ g
JCRMFR RS BA THIL TG, A rhHe oo
FR 0] 3 ik AR A% v B 43 A AR ELAE R B2 e A
EEMAT A | - A T T RN 45 ) S MR REAE
3.1 ErEXMZEET AN

AT EAZ I ES il B R — N S IR L 4 L2
7 AR Z B 2R IR R A, O iRETR
FOFNG i, DAL O A 5 e At 4 5 e Tl B ) T
Z [ AR AL 8 SR 5 F AR PR Y DG HE R R (I8 -
RICR WIAEAE BRI T 85 4 RO MDA Z IR, Ty ELAA
RIS T A TR E B PR AR

M A% T AR T 2R BT R [R]85 e R AR, X R
FAEL fh s AR b 3 R S WA 2 IR A AR B 25 5, DT
S A RAEA R A i AT 0 . Miozzids (2022) il
e il T A AR SE g B T PR AZ O A AR AR —
FOEERIEREY “H T L (E )" A 5 —FE
KRS AR A BT (ERTRA)” A, Xk
BEAUA B T FATTH i 2 0 R % B A VR AL e TR %)
WA HbAZ 25 SR, A% EE R D R TR Al
S, B 0 b A B B R 0, R i AR T B AR A A R
FRAEMOARER vh | B0 1803 1 25 BE IS T [T AH B

X B 22 S B A U SRR AR TR , L
BIZS A% (E18) o A, A% 2H 43 i s A il 42 AR 3R b
Ll b A 2 P T 9 AR 3 T, DA DR b il AR A9 R i
47 (Zhang and Lin,2022).
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(1 FH Miozzi et al.,2022)
Fig. 8 The “bottom to up” crystallization scenario of the

iron-rich core in the Earth (modified from Miozzi et al.,2022)
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PG THT 3 {5 0T 4 00 b A% 19 A o R A P A 1Y
iR B CHE S I, NE6TT A, IR X4l
BRI AT 152 e R B B ) 22 5%, 7E LLH A S
N FERITTRBIMZ I X FR TR S 3L
i) Ty cp 25 57 7] BE 115 1000 K (Hirose et al., 2019 ; Mioz-
zi et al.,2020b). XFh2EFIERY] FICRBIFIZEA
B SMZ B BIUR 2SN 3y ) S R A 3 TR Y R
Wi RTIT, 24 Ti M AZ h 3 o0 3R A AN 0 7 TR 4 o A
Rt R ) T R T RO PR . ARG 0 b A IR ) T
XoF T B A A% Y B 22RO LA S G 3 1Y)
Az OR35S Hh PR P AR B OCEEE . PRt %
BRICER A AL P BB DI R A oy B o )
W) FEAT TR AT ST, 2 38 i FATT X M 3k N R 25 48 FN 5 )
7 PR CHE

HAZ I BUZ S5 R 9 2 #2632, IR Bk
B AR e (AR AR sl A A TR T R A
I IR B AP ; e 320 th AR LA, X 2837
IR TR B, TERCR X SR A i P, KT, B
SR B HAZ B RS SR A T — MR R R
JCEH  OMICAE[H 25 Fe b A AL RS PRI H Y w5
Pl R 5 (KI5 ; Wang et al.,2021;He et al.,2022),3iX
A ENTRESTE B S N AL P IR R AR PR . 7EIX
LT, RS AR 48 3 SC b i) 3 oA 7 T 285
BRAROTR AR G Y. M TSR TE A
FF R s BE )RR It R RE TR Bk & FATL A 7 A A AE 4R
Ty R A B IVER]
3.2 BILEREX AR E- ISR R

Mok 2= M35 Galtln, L= AT E 4.2 Gadf
AL C 2 AFAE IR R, 1 M A I 5 R 1 & ML
A ZE J (Tarduno et al.,2020). H Fim A kxR
R AALRY SR SHALA S A AT AN R T SRR
5 R )RR RS 3 X 5 T, A% P 30994 0
RN FE T IR 7 A MRS R E T
Ho A% 10] S S B B R DR M AR T RO IR
o RE AFTE 1Y HE ZE Bk B2 2 i | () AN S e 1 RO
Xof VA ) 548 555, DA TTTT 52 Wit 35K DAY AZ 1) 4 1 LA K% A% 10
e F) P A

] DL F B R A Wiedemann-Franz fE 45
B, ALK, B N AME £ 54 i R S
FNBE TR, X BB S e A i TR AR T A r B
FHRE T ) IZ 5T, AU4ESi(Gomi et al.,2016;Inoue et
al.,2020;Berrada et al.,2021;Zhang et al.,2021,2022),S
(Pommier,2018; Manthilake et al.,2019;Littleton et al.,
2021a,2021b),C(Zhang et al.,2018)F1H(Ohta et al.,
2018), ITHiZhang Y T %5(2020)%5 G =i ESE G AN
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(Zhang et al.,2021,2022) . 15—V 45 R

& HH i A HL B 23R 1 /NS AR T ELAA (i i T R R
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Fig. 9 Thermal transport properties of iron and iron alloys

under the Earth’s core condition

1B B AT A [F) 52 00 R AR & & AT R IR B
KighEL, R-RLE - A erSiimETHE
FEL A B 5T 5 HAN S 173 331 BLAT e /ISl B R A 4% Jo L BEL
R (Gomi et al.,2016;0hta et al.,2018;Inoue et
al.,2020). RMAERILR T HEMNEEEEFR T,
C OFISHYZ BT B 5 Sif AR 2, A e R 5T
LA A 30% ), SiRE7R M dwe i 9 2 LR COT R
W Z (K9;Gomi and Yoshino,2018). HIHUEHA , 7EHH
SE HuAZ L B A AN AT 38 3200 3R 05 A AT 22
B R . 3 —J7 T, 500 2 0 Bk L BEL A 5 52 0 4
- 5 AR An s h AR X B AHE (Gomi and
Yoshino,2018;Ohta et al.,2018;Zidane et al.,
2020). # T hep- dhep-Fifce-FeH, £ 4 H B2 A4 BF
FT, & B Bk v BH AR 1 S 2 T R P i/ iy R
H 5 DL 48 7 R hep-Fefb A6 46 s i HEA
K22 . fEFe-Sif 4, & RN &
FAIE ST &, TP B RS LA Jr & &4 B A
I HLBH % (Secco,2017) o BRitbZ4h, o BH 240 A5
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o7 1 255 R TV v i 8 PR 2 A N s Mt s A T
AN FER-52 0 R A A LB R A ST 25 R Z IRl 1 3K 22 5+
i 25 o

T2 B TR R I R F B R S I A S R s 2R
W, LT i BH A5 2 A AR I AR B A 2
5t , Wiedemann-Franz:& FE Sl T A SCE RS A 2550
BRI T3 H ATHI I TR R R Z —(Xu et
al.,2018) , 3 VT EAEAN IR TR A ™ A H 2 o B
S HINT R T BRI A, DA M A T 3R 3 IE A
TR A AL RN T2 TR e R i i T X
Fe-Sify A& 3300 B 5000 UESE T 420 R Sixf gk
IFR A FEARVERT, 1 2 828 T hep-Fe 33 56 T ot
ARG ; [RIEE, B TSR T e A fE 2k 1Y
PO B DR AR X T4tk , Fe-Si & HAT B /Ay iR B
HAOGHE (Hsieh et al.,2020). MBI AAE XTG4
1 R RO IR I AR T B R, S B A
BRI o

R AT T A AT S 0 i B) BB I A A
W, AREHA A 1Y e A% h R ST R A E— A B T
PR E B3 X i AE S b Bk K L AILIE AT, Dy — 5 T AT DA R
fREER B BT8R R T HAZ T A R A R4 T, DTG 58
Fffpve Bz tER” .
3.3 BREXNZE LR ERHERN I

b R UL IS R 5 VRS SN 3 — PR R
][] P AH B 12 A% 3R B D 52 A 0 AN 38— PR LA ]
SRS (Vocadlo and Dobson, 1999) . PoupinetZ
(1983) FiMorelli%F (1986) By SG 4 H 7 i B2 17
Bk B A ) Uy o i SR SR ELLL A e A Dy
HYAE XS FR A 1] e o AR R Y98 22 R N A AT LA
A 43R I 8 45 ) [R) P DX 38 (0 PR AZE ) AR 1) 45 1) S
P X3 (NN ) (K110a; Waszek and Deuss,2011;
Wang et al.,2015;Stephenson et al.,2021;Pham and

BERAESE . MR AR TR MRSl 1 R

Tkali¢,2023) . fEIXLEHFTE A Fr il 9 H = I 18
AL AR T HBR F Rl A BTR) A R Zy 500, B
1277 0] BRI B LRl O Tl R AR T 4% . NAZRIR
Mg — PR N4 0] S P AR AR AR AR PG BRAL A A Bt p 22
S, RN ZRPGER 04 10] S PR 2 IR BEA ], HLPG ek
M5 ] S PR B R (~4% ), AR 2K BRI S M
(~0.7%) (Irving and Deuss, 2011 ; Lythgoe et al.,2014;
Brett and Deuss,2020). &I N, NZRIE
] S PERRAE AT BE IR T HA 45 1] S M A hep-Fe iR 1 &
M HE%) ([E10b; Stixrude and Cohen, 1995 ; Gannarelli
et al.,2005; Tateno et al.,2010) , B ARFRR AR TURLY)
€ [0 HEF (Singh et al.,2000)

BEAR W AN R bec-Fefiff R A% 45 ) S 1 —
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W EMFSEHE S | SIFING A2 0 3 A A5 T B 0 1
bee-FefE X $e4f v 2518 T i fe M (Vocadlo et al.,
2003) . AUESE R, AL AT BE Hhep-bee A7 AR ALK
(Mattesini et al.,2013;Zhang B et al.,2023;0zawa et
al.,2013) , [A] B3 F P20 A | bee-Fe nl GE LLE AR
BT HNEZT (Sun et al.,2022),  FHHHTF
5%, B T Hb R P e o A AL BRI AL & Blbee-Fe
AL 111 4l 5 Bk A S P4 T SRl S AR SRR ) W] BE
it R T b R AE AN R I 1w b AL R I [R] £ 22 57 (Mattesi-
ni et al.,2010) , F H5 35 P AZ 4 ML RZ I 0L 25 SR A1
Y4 (Wang et al.,2015). e RESCIRAFR R,
bee-Feft i N2 225 YDA PEH B 45 0] S P AR
WA S B4 0 FE (Lin et al.,2014) . T AYEEIE
HEHF—LZFHETX—WMA, Blbece-FeS5hep-Felli#
U HE LA T R [ R A T A 114 S A R % 1]
S (Cuong and Phan,2024). WHEAFGEITTE T M
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Fig.10 The anisotropic characteristics of the Earth’s inner core and their prossible physical mechanisms (modified from Sun et al.,2023)
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