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Abstract: Seismological observations suggested that Earth’s inner core presents complex heterogeneity and anisotropic structure.
The key to understand the structure of Earth’s inner core is to study the mineralogical composition and dynamic mechanism of the
anisotropic structure of Earth’s inner core. Hexagonal close-packed (hcp) and body centered cubic (bcc) Fe alloys both have
seismically anisotropic features under temperature and pressure conditions of the Earth’s inner core. When the fast axis can be
oriented along the Earth’s rotation axis, the anisotropic characteristics of the Earth’s inner core, which is fast in the north-south
direction and slow in the equatorial direction, can be explained. The input of light elements into Fe alloys significantly changed the
anisotropy of Fe alloys. Particularly, the fast axis orientation of superionic Fe-H alloys had changed inversively with the increase of
H contents in those alloys. Under There are 3 kinds of dynamic mechanisms of the Earth’s inner core. (1) The lattice preferred
orientation (LPO) during the solidification period. The LPO texture and structure formed in the solidification process cannot be

maintained at the temperature of Earth’s inner core for a long time, therefore the LPO is not the main reason resulted in the
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anisotropic structure of the Earth’s inner core; (2) The LPO due to the external stress: The directional arrangement driven by external
stress needs to consider the rheological mechanism of the material in the Earth’s inner core, while the current model is mainly
established based on the assumption of a rigid inner core of the Earth. It is required that the dislocation creep mainly occurred in the
Earth’s inner core with the viscosity of its material exceeding to 10'® Pa-s. (3) The LPO due to the diffusion induced stress: If the
Earth’s inner core was under the superionic condition, the directional diffusion of light elements driven by the geomagnetic field
could result in the presence of the lattice internal stress which would then result in the LPO. The driving forces of the above
mechanisms (chemical convection, thermal convection, and geomagnetic field) are all sourced from the Earth’s outer core. In this

case, understanding the interaction mechanism between the Earth’s outer core dynamics and the Earth’s inner core dynamics is the

key for understanding the composition and structure of the Earth’s inner core.
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hep2h #4854 4 (Tateno et al.,2010,2012; Sakai et al.,
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2001 ; Gannarelli et al.,2005;Vocadlo et al.,2009),
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2010),7E330 GPafl15000 KAY 4T, il & c/afd
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22 f&iLSITT (bee) 444
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T T o8k stk R 5, & M becsk it 45 ) M tehep
BRSO, SRAR I [ 111 ] )7 [ L5 3 fe R . Mattesini
ZE (2010 ) K[ 111 JHIPAT FA S 5 ), AL 111 150
RN AR, F4  F 24 A bec 4 MBS | i T8¢ b A 2 L
B %4 0] Ve, MattesiniZF (2013) 8% [Ehep Al
bee PIAR A Y 5 1] HEA Y | AT LA LS P9 A% 1) 45 o)
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Fe-H Fe-CHIFe-O % & 1E WAL IR T T 5% 78 iUl B 725
(He et al.,2022). fEBEFER ST, XEFILER
AR —AETERR A A i 3l , S 30T R B A AR
file e T NAZAR BT DI RRIE . A AL TR B AN AR
(NS I PO O R R 2% 7/ PN R ST
Sunf§ (2023 )i — 115 T B F S Fe-H(hep) &4
V14 e 453 0 45 1) S % BT S5 HLA) 5 i 4T X Fe-
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B %5 1 T 5, Fe-HA 4 1045 a] 5 Mk Je B AIK J5 484
I Bt 25 0 3 DRl DA el 3 a il £ P i . HL A B 0
WA R, IMTFeH, s HAE AR T T J i iTa
ho7 R e . ARIERT AT W hepAHiFe  (Martor-
ell et al.,2013) .Fe-Si(Martorell et al.,2016) .Fe-S
(Li et al.,2018) \Fe-C (Li et al.,2018) FllFe-H(Wang
et al,2021 ;He et al.,2022) &4 1E NAZ IR T B S0
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T ARG G v el gy ) B akih Iy ] 5 He 4 I MR
&, IF R HAZ Ty 1] ~F- 349 6 3 %k B s 47 1 I — {1k Ak
B, ER R ICR AR B REAR T hep i & 46
WA ) S o S15 SAUF B0 1) 7 MR O/
117 C 5 HXT & 0] SV A 52 0 W 8. e 12 FeH g o5 14 4 1]
Sk AR B A A B I AN (] HG o b R e Y il
GG . FIOL, 32T ZR A R 28R X Fhep Ak
B A I B A4S 1] S PR W 52 ) 3X 5 RO R B AT
hep®Ek W c/a b M 5 (Sun et al.,2023). X T
B ASFe-HE 4  HE | S 2 h @15 K 45
Wi 5 i 752 2 L0 5080 D i i ) S A HE A T 1) 7
a-b V-1 J7 6] (%5 & hepZE A Y X FRE ) 5 Bk B el
SEAT LA R 5 2 O8I0 38 14 m b T Tl R AR 3E T T 1)
1 ) A S R RRAE

3 30 1 F AL

by 52 U A o) S e R R T A Y 1 HE A
(lattice preferred orientation, LPO )&l & H A A [F] s
PR 5T 1 PR AR ) B E ) B9 JE AR HEAT (shape preferred
orientation, SPO) . WX &M T, hepMbecZ5 8k G 4
187 3% LAk Y Sk P AR % ) S e R P A R AR B R 1)
HE 5 it B N A% 4% Il S PR R B T2 WF SR ORI .

NS BE0RTRI[001 ] (chill) F7 1) , A #8 BEQ0CR B[ 10017 [, L ES T
AxFeHo os DLl afith 7 ] , 80 HS 5 HA B 445 1) S i) (b 3 25 531

1 MR T Fe Fe-Si Fe-S Fe-CAHIFe-H H 4k i i
(Vo) Bl ASTFAIEAE(010)F-1f1_E Y2
Fig.1 Variations of compressional velocities (7p) in Fe,Fe-Si,
Fe-S,Fe-C, and Fe-H alloys with changes of propagation

directions (incident angles) on the (010) plane
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Singh%§ A (2000 ) 42 i PN A% 4% ) 514 19 2 1) IR HE A
BLT, TA R N AZ A 1) S Pk el 2 BT S N b W ol
A 1] HEA B AR BB WA AR 2 B, w0, Joig 2 d ik
SR B 2 1) HE AT 2 BEAL A 1) S PRSI IA RN 45
Tr] e P A DAL ) SCBREAE T 1 A A o AR B R 1l 4
AT SR SN J7, BN A% 2% ) S PR S A8 T8 i 3 ) 2= AL I
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3.1 EEEIERHE mHEFIYLE
Karato(1993)IA R, WAZEERI BTG & S0 A
— 8 WIREYE T A UG B A T B LA 1) S M 9 445
¥ o B T AR R ) A i A R A T DA A R 1)
HE , Bergman (1997 )i\ RAESME H #fL RO A I —
PR ] DL BOE [ I kG Y 2R T 7 1 1 AR O
TE R X B 8 45 1) SR 254 o 3248 48 AT LA i A R
T3] £ i, 752 O R R U5 [ Sk o AR, 3 D S g b
¥, 33 Fofr DR T 117 B2 WG 1) 45 1) S PR 25 4 28 3 JL R
A IR At 4574 2% (Bergman et al.,2010) . [,
DRI [T 717 TR 8 P 45 1) S PR S5 4 TE I AE A% S5 T 40
FETE AL JC e R I AZ R Y 2% ) S M 45 14

T4 . HBBRIN AR 1) VRSS2 BL

3.2 SMNRZATERBHHLE

A AN AR 5 3N A% W) o A= v A i A2 AT LA
T LA 1) S PR A8 AR R, B SRAN & AR 3 RO 722 WA g
T A 0 S5 o BRI XS T N AL S5 1 T 0 i T A
PET A FFEXT TN A% A& 1] S PRI B+ 3 F e AR
1717 855 A2 AL I A AR T 9 o3 A AR AR 5T, 38 5 A0
FIR/INFUE I 5 A 563X i A5 3 vl (i) F 53 AR A5
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SR AR E [l HEAT BB -

PN ) T I B S B Jeanloz AT Wenk (1988 ) 2 13
i T P A% 45 1) S, SR T T B T A A S A
FIFAL RN A B E T . SR, BT
I — B IR AT 2 T BN A 32 B ] R
E5 BN R X EE L. 4N
12301 A 78 TR KT AR i A8 BRI, 2 S BUN Y
JoT (R R 1) -5, RO BT AE — i1 P ke [, 78 0 — il
BRIGAL , W BT D\BE [ 2 3KOF % 245 ALY 2E BR (Albous-
siére et al.,2010; Monnereau et al.,2010). 2 NAZPH
BRI A B AR R LR AL AR S ZR PG 2 B [R] Y

xR1 AEEhhFEER
Table 1 Dynamic models for the Earth’s inner core
L IR A B bR B
A A R SEPIGBEEI R R T —ANEERO S B RO PR A T
LR S
S Mg = A i R PONTIRe. e K Karato, 1993
EELELES SMEATTE SN REAS T AFREAS [ Sk B A5 1 SR RETR 68 T T O A T
el %
AMZST LB A A K JEs AL, KR Bergman, 1997
HATNVNBINSE | nloz and Wenk, 1988
S EERHEA RREPIRIRE O 1 b RS, TRk uRah St 2 . N
Romanowicz et al., 1996
i HEA
A UL F N LSEI
s SRSMEMEITIRIOEE R T BRI R
= R, SROT APEREOR R LG o
I 1
PFERNBBERL RIS ) e i IO IR BORBEREERTRE  Alboussicre et al.,2010;
PRRRL, TOF kiR Ao PRAZ 1R R A5 P 2 3k a2 5 (>10"® Pa's) Monnereau et al.,2010
BRERS, SEORTLERE R - N
IMERH B AR T A ” v ORI PRERRIES _
e e R L i L I
T PR = ‘ SR € N
e ISR, R T Witk
SMEAEN ) Eggfifg%ﬁﬁi RUGHMAEI A IS 5 OBk B I
ey ;% - Ib] SR TR AR ; 452K (>10'8 Pa ) ”
= BRUHFIE [ Sk 2 5
PR Ay ke o
BT Maxwell ) S5 H ST —ABERS [ TS, TR Karato, 1999
PEHETR SRR W FIFRIE T 6 b 7Z 54 Buffett and Wenk 2001
MR LR B S
HERRET P O RS R T —ERI T S SHERA Takehiro 2011
AR A SR L ST 1 ’
MR FRARTY R T M4 i N
SR e
WRLIIE AR SRR S, e SRR gkggﬁfﬁ;fﬁ Sun et al.,2023
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s R RS 50 P LA i 88 5 2 WL 381 79 A A2 2 G~ Bk
MR A PRI 22 5 o AR, X B 5 B A DR AR
— 5 BRI (B E>10"8 Pass), X AME B R T H AT
Sk UL I R v U R T T S AR AU T R R R
(Koot and Dumberry,2011;Belonoshko et al.,2019;
Ritterbex and Tsuchiya,2020). 540, iR EIAR & FH
AN BE S e U 5 1w 5 R 3 T 5 1) ) R D A 1] S
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TEHP R 1 B2 & W 2% (Bergman et al.,2010) .
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BT N SR E ] HE A AT AR T A A S 1)
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SENEITZE IR BENE &R FEERZ . T,
Frost4F (2021 Kz AL S IR 2 T AZ AR P8R
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AR5 H R T T ) AR R SR )37 P TEE N 5 3L
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B 1 e 6 R 2 L 3] ) A A 4% ) S PR RRAE o

HBR S LA DL 3R B N A R A TE Y F e
6] (Bp ) IFRSE AL T 1] (Br) MG /) . Karato
(1999) % & 1 M By e WAZ 1 547 B Maxwel L
TIVER R0 ) RN A 26 BE AR Ak, AT 7 A 1 Bl i) %
BRI 7 22, TG Bhep B & 4 Y il 5 A 52 3P 47
BuffettflIBloxham (2000)#t—2%)8 T WRZFEAL A
POPMRIRAS T I Maxwell i JJ1EH , 3 & BB 43 2 7™
A2 B T3 2 TR AR IR T SR TR A S AL TR
S, AUHREE B J3 5 BRI T3 A DA AR 3 11 4 o)
SPESEH . BuffettHWenk (2001) iF— 42 [& T Bp Al
B oy e A i Maxwell i 17, IF & BAE 40
BIFERT WK D5 10 B & A 52 WA AT 520, A
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Fig.2 Schematic diagrams of geomagnetic field and depth-dependent anisotropic texture changes of the Earth’s inner core,and

comparison of the superionic Earth’s inner core model with seismological observations at different depths
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