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HZE:Py-FeO,.Py-FeOOH #1 e-FeOOH £ Hi 18 K Mg RhEE K 4, HEFEEE T W
P EAMAEXN T BB TARAE MR N FARAEEEN, FFA A E - REF &
4% 7 0~350 GPa 4 # T Py-FeO, f# Py-FeOOH Ll % 0~ 170 GPa % ## T &-FeOOH & & 1&
G 5 MM R, Py-FeO, f1 Py-FeOOH &y i #% % %k M J& 78 o 3 Jw 2 2 79/ 2 %, 1 e-FeOOH
B R E R TR N, o c B E R G W E S . Py-FeO,.Py-FeOOH #1 £-FeOOH #)
A JE MR TR S e T MG Ok, ¥ B % E K 2| NKR UK Py-FeO,.Py-FeOOH . e-FeOOH . 3 48 #
TR B R BR B9 3 fn & M3 Ao, Py-FeO, #1 Py-FeOOH th 87 4] & [ JE 78 69 39 fm & 0 3¢ Jm
X R R E T S, Py-FeO, Wk R & & &, Py-FeOOH #1 &-FeOOH W A R E B £ & £ T /L
S — % ; T Py-FeO, th 57 ] # & & K&, e-FeOOH ty 3 4] # & & /) . Py-FeO,.Py-FeOOH #=
e-FeOOH B JE 4 % 7 W JE 78 ty 34 Ao 7 3 4w, Py-FeO, B 57 Y7 3% 3 W JE 58 B9 39 4 77 3% Ao
Py-FeOOH #7 5] 47 % # 72 0~2 000 km ¥ & 5% & ) K 5 & 3 Ao 7 90/, 72 2 000~6 000 km % £
Yo B WA E N (£ 5.8~6.0km/s 28] ) ; £-FeOOH # 5 7 3% # 7% 33 GPa ( 4 900 km % £ )
K E R, 34 ¥ s-FeOOH B 9 3% & 1K, T Py-FeO, ty I % & & . % & it £ 4% £ ¥, Py-FeO,
#1 Py-FeOOH B 7 & & J& . 1K 2 B9 4% 5, 5 3018 48 (K X B9 £ T — 3 . Py-FeO, 1 Py-FeOOH
ERRZETHEE TR ZEH R, Ky BKEKX B RIR . e-FeOOH % # it 33 GPa /E 18 &
BTRENEHNHNS c-FEOOHME MW REEL N, B AN HRAMLEMEFHEAEL
Y B, $E T % e-FeOOH By %8 1 M T DL R 3 8 3% .

X $218): -FeOOH; Py-FeOOH; Py-FeO,; i # 45 3 # M4 % — R B it &
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T, BB AT ST W] RE ISR T H e o f A A K B SCBET D Li ARl K B 1 B g A R g o

* ks HEA: 2021-05-10; §£ 5 H #7: 2020-06-15
BEEWE: 1 E RS 5 4 (20211EF0101-01)
fEZE A BN (1996— ), Zo, B-EBF5E AR, 2N & IR & R T 99 R 5T
E-mail: gxy.cea.2018@gmail.com
BIEMERE: X H(1980—), B, Wi, BIBFSE 0, 32 g5 =i s e R - 0 ) AT 5T

E-mail: liulei@ief.ac.cn

012201-1


mailto:gxy.cea.2018@gmail.com
mailto:liulei@ief.ac.cn
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i T 20~ 135 GPa F15800~5000 K 454 F 8k 5 il FRER A VR Z 8] A 7K 19 43 TE LU, 36 iE 17 7K (9 25 B
PE, e B A% AT BB — A0 HUER R 43 /K i KA K 2, 3 mT e 5 R O IR B ) R, B, H AT
KGR e] i 32 380 bR A9 VRS, DA KA W 8 B BE AT, AT SR AEAEAR KA 48 o iy o i) 4 o sl o/ v
Ao 5l UL 24 SROAS ) L T A 1 LR A T S A 1 L T Y R IR R B,
B RRE M LR AR L DR, AR SY  R R S K T T, T R MR ORI R S5 R L
2R LA B RS KA A AT T

AHIF 5% 36 B b Bk R B T Y S K AR B 4 8 kW A FeO,(Py-FeO,) . FeOOH(Py-FeOOH) LA K&
&-FeOOHE E R BF5E X 4 . Py-FeO, Fil Py-FeOOH 2 2016 4F 15 125 1 25 15 52 36 vh % & B A 8 77 78 18T
WA, S A 25 RARUE W] T M\ e-FeOOH £ #5447 % FeOOH M54 4k ¢ &, e-FeOOH Fl 8 4 7Y
FeOOH Z [a] () #H i1 54057 T+ 60 GPa, 1500 K",

Hu %500 (i FH 28 — P IR BB S5, K€ T 76 GPa, 1800 K 44 N R @/ E /Y P AR (B Ekm™
%l FeO,) . Bo %1 Fi| i % & 17 oK # i (density functional theory, DFT) Fll DFT + DMFT /#0158 T
FeO, 1ML T 45 /) M S5 M M 0T, FeO, 1 SR S5 14 Hh Fe* Fl O, R ARAL Ak, Hovh Fe B 7 /\ ik O J+
fLHl, FeO, 7 = T R 4 8 -4 21 A (MIT) 3% 748 (Fh A8 2 SR IR B B AR fL R Bl i 46 2 2580 ) . Hu 550
28 T P A 2 FE #1133 GPa, 2000 K 554 F, S5 bk & T HAT B0 T 45449 1) FeOOH,,
A — 1 R B T I A R R AL T P AH (Py-FeOOH,) HAY & & 1+ (0.39 <x < 0.81) . Nishi 2517 % 3
TR T FeOOH AH, R AE LI JEG B 09 45 18 F AR08 A7 4E, ITF 51 B 1l Fe,0; F1 H,O, Zhang %51 i
17 75— IR BT, WAL T Bk B FeO, MOARE M AP M BT . Huang 55U 3R 47 155 — Mk 33T
B ORIE RN B T T Bk FeO,H-FeO, & 2 1945 ¥ B 1tk . T 46 47 S A 4% 1) S
Liu 2500 F1) 8 5 S2 36 FI S 140 B T Py-FeOOH, FY 75 i 45 5, 'k IRk FI 7K fETE 86 GPa. 2200 K 4%
14 F B A2 i Py-FeOOH, . Yuan 2512 BT JF v XRD 525 FIEE — 1k JF B4, AF98 T Fe-H,O fE &5/ F
B AH SRR AE, Kk BLAEAR T 78 GPa i 45445 F 77k FeH, Ml FeO, 7 T 78 GPa i 414 F 2k il Py-FeOOH, Fil
FeH,. Zhuang 5" FI| ] Kawai & Z%ili /LA XRD S2 903 T 7E Py-FeOOH, 541t e-FeOOH 1y i #H,
&-FeOOH &A= T #B4r & i, LA e-FeOOH, HJE X AF4E T T Hulg . Deng S5 Fi| FH &% — 14 I 2 43+
B 12 WESE T PR I VR AR A AR T, & B3 Ao A T /D ) 45 il FeOOH,, 1 L fiff A8 YR 458 31 1) b
&4 Bt o BB X (ultra-low velocity zones, ULVZs) [ 152 5% . Hou Z5U5 25 4 5 TR HL 5 R 52586 | HiL
2 ) AR — P RS, ST T EE R  R FeOOH, (x < 1) A MR AS, & B 24 K 5% H i 73 GPa
AF, X AR A ¥R S A A Ak, (BT 1 ) 70 L Al A 7 8 BRI AR A5 A0 1. o 7 0 0 &y g R B S 2 0L T
B AE AL, X T i BRURS Y F G 5 R 1 A5 b sk A IO, DA R Ml G AU D A B
AR RIEE W ER L 243 . Thompson 55U F H &8 — MR R FE T3 T ¥ 2 0 /K X FeOOH-
AIOOH 7E 60~ 140 GPa #% {4 T 4 it 1 o A0 i 5 %, % 30 B R0 78U (Ally s o 5 Fega—o.5)OOH T LAAR 47
Hiu WA T b v AT DX 4 R B VD ER B S 4R Y CaCl, B (ALFe)OOH 1] B JE Ak A 1 1% 59 D) 3
[X 1 (1arge low shear-wave velocity provinces, LLSVPs) .

Bendeliani 21" 7£ 9.0 GPa. 400 K 55 F 4 i T &-FeOOH, XRD It 177 5 52 36 11520 S B |
&-FeOOH HAG %5 (A B Pmn2, 1 IE 458 . S8 &P, 0-FeOOH 7E 5 GPa, 200 °C iy 55 1F s 24K
1) S g B[] A" B AE i 6-FeOOH . Suzuki™ > F| F [/ 26 in # XRD SZ4%, 742 T 8.6 F1 11 GPa, 700 K iff &
2T e-FeOOH 1) R 25 ¥ S HURR B i (K) o Otte %529 FIH DFT #i5€ T &-FeOOH I E 1, [F]
WH155] T e-FeOOH BIL5 M) . RETEFIHL T¥E . Gleason 2% R FH 525 5 DFT T AHSS & 09074k, BF9E T
&-FeOOH RYZE A T F [ iERiE . Thompson ZE2 8 ffi | DFT W55 T e-FeOOH 1) 45 ¥4 A1 i 4 5, I
FIH XRD 55K X} e-FeOOH 118 AT A #EAT W5, ZIAE 0~75 GPa [k J1 G [l e-FeOOH 4 2 A~ 4L
HI S5 AR, (18 + 1) GPa B i T 1% J1 375 5 1 SV X FR A 17T 77 A2 149 P2 nm— Pnnm 2584754k, 7€ (45 +2) GPa
W07 T SR 25K 00— AR S o
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Py-FeO,. Py-FeOOH Hil e-FeOOH 3 Fi " ¥ 1 i Fe-H,0 & & ¥ K 9% R G2 Wi F 5, Py-FeOOH Al
Py-FeO, FBPE M Bk A7 f it — P R R . 45— MR B T I 7E IR R W T AE v Wi v . R 44 . s | 3%
SR T B TR AR R, B RORE BEOR R 00 bk, AS BIF A Aok AR — R D B B A B
0~350 GPa 5l N i) Py-FeO, F1 Py-FeOOH LA K 0~ 170 GPa 78 Bl [N i) e-FeOOH 4 AR 25 Hy | s i
DA R SR AV T, R G LB 3 R W e 25 5%, Ol T R R Fe-H,0 1R R4 W ) v T Ak S A E
BRI A7 R AE P2 LRI S 4 o

1 FZE5ER

K F 3T DFT 0945 — 1k OB )5 32, f# FH Materials Studio-CASTEPUY 8k, i+5 T Py-FeO,.
Py-FeOOH Fl &-FeOOH 7E Al Fe 3 T B 245 #4925 Ak o & M 45 44 06 Ak 338 {5 T° PBE(Perdew-Burke-
Ernzerh ) 32 e & 55 R B0 | SCBS JE 3T L /7 5 ( generalized gradient approximation, GGA), GGA J7 % ¥ i Ji
TR SRR R A 2270 RS I i A A, S T SR A R T R AT RE S R 5714 eV, A B
THIX B K SR A S 508 6 % 6 x 6(Py-FeO,) . 6 x 6 x 6(Py-FeOOH) . 5 x 6 x 8(&-FeOOH) .

o —VE R 45— 2P T B Py-FeO,. Py-FeOOH Fl e-FeOOH 1Y & iR B k47 LA Ak, sk A5
Je do F e A G, SRR SE BRI G011 PR . Py-FeO, Fil Py-FeOOH J& =57 7 i 2 (25 [a) Bf: Pa3, JEL 1 JF
B Z=4)P", &-FeOOH N IEAZ i F (A5 [ HF Pmn2,, Z=2), Z5H 4 Fe M1 O JELFIE A 1 CaCl, BI45 441,
AR T e-FeOOH, Py-FeOOH Fl Py-FeO, [ it i 2 K e 45 ¥4 N 45 IR -7 B 4Rl i BFGS ikt T
oAb o 8 R -0y AR 56 R VTR B R B, P AR KN A 0.05, LR e-FeOOH., Py-FeOOH Al Py-FeO,
AbF o AR . R A Voigt-Reuss-Hill T 5 215545 H .

QR0 %% ..
LS 000 oo &

I%i ==|i Ceo00O

(a) Py-FeO, (b) Py-FeOOH (c) e-FeOOH
B 1 Py-FeO,. Py-FeOOH Fl &-FeOOH HY fhiA%i 14
Fig. 1 Crystal structure of Py-FeO,, Py-FeOOH and e-FeOOH

2 HR51R

B JEXt Py-FeO,. Py-FeOOH il e-FeOOH Ky i A 25 M i 47004k, 15 B R 45 W B A 28, L3k 1
Py-FeO, I itk H HORT i B AR 5 TSR 8 AH X 22 43531 R 0.14% Fi1 0.40%, 5 52 BB 1) AH X
P 2553 59 7 2.4% F1 1.7%. Py-FeOOH H i AR 5 5 ATHEAED B AR X O 22 2.3%, A & B0 i
PR 5 S (E S TV R R 25 58S B 3 0.5%. e-FeOOH (14 4 i A4 FR 15 i AT 8 250 0 4H i 25
0.02%, it MRS S A 725240 (1 fe KA X 25 0 14%, A8 F 8 a. b, ¢ 5 SE5R A2 [ e K AR T
T 2253 50K 4.8%. 4.7%. 3.4%, Bl A\BF5E 45 e, e-FeOOH (AR BB i B P 5 S (gl 22 il f ok
AT 254 32%. &-FeOOH [ b A% 0. fb MR BURMA BB i 5 S0 S0 (A i M 22 s K, B2 Tl A
Tl T GGA J73k, ITIRAN T 2544 N - [8] g Py 58 g 07 2324 4081 Bk &, AP i 45 1 S
SCHR A TSR SE g 25 SR 17 2 g — HOE Y, PR BT T S R R A BT R

21 miFEEWMEELTL
0~350 GPa 51~ i Py-FeO, il Py-FeOOH L) J 0~ 170 GPa 44 T ) e-FeOOH (1) it 4% & %k n
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% 1 Py-FeO,, Py-FeOOH 0 s-FeOOH B R & S HF Ak FAHEE
Table 1 Lattice parameters and bulk moduli of Py-FeO,, Py-FeOOH and ¢-FeOOH

Garnet Pressure & Temperature  a/A b/A c/A V-Z"'/A>  Bulk modulus Method Ref.
70 GPa, 0 K 43370 20.391 Sim. This study
Py-FeO, 76 GPa 43310 20.308 Sim. Ref.[5]
76 GPa 4.4420 20.745 Exp. Ref.[5]
Maximum deviation/% 2.4 1.7
120 GPa, 0 K 43540 20.635 Sim. This study
120 GPa, 0 K 21.110 Sim. Ref.[7]
Py-FeOOH 119 GPa, 2300 K 4.3447 20.503 Exp. Ref.[6]
119 GPa, 300 K 43626 20.758 Exp. Ref.[7]
Maximum deviation/% 0.4 23
0 GPa, 0K 47054 42510 2.8970 28.970 172 Sim. This study
28.900 187 Sim. Ref.[25]
0 GPa, 300 K 49540 4.4540 3.0001 33.100 126 Exp. Ref.[23]
&-FeOOH 0.001 GPa, 300 K 49544 44594 29999  33.139 135 Exp. Ref.[24]
4937 4432 2.994 32.636 Exp. Ref.[18]
Maximum deviation/% 4.8 4.7 34 14.0 32

& 2 fff7R . Py-FeO, Fl Py-FeOOH )45 K4 A 7.7

F(a=b=c), firks H L0 T 35 00 150 52 2 /) K _33GPa

[0 3, L A L 25 T R 1 4% 0 T e 1 PR

&-FeOOH ML A IESE S & (a, b, ¢ AHIZE), i 2 40l

s A A PSR B 38 K T2 T/, 0~ 170 GPa g 33 GPa

D] P9 K JE T H b K 8 K R/, (R 7 & 337 e oom ket

33 GPa WHES SH S, a0 bIETES I, F 3ol - PR

c K BE G SR L ¢ b E A 3 1 SR TR 3G R

S, AT HAT S5 BT L Bk SR a. b, B3 Teoonsggg L T
05 B IE . AT ST B TR A B 8 0 60 120 180 240 300 360

Pressure/GPa

J& ., BARTFE T 0~350 GPa JE J1 444 F Py-FeO,.
2 Py-FeO,. Py-FeOOH #ll £-FeOOH [t

Py-FeOOH L }2 0~ 170 GPa [t ] 51 F £-FeOOH v A——
i A R Fig. 2 Lattice parameters of Py-FeO,, Py-FeOOH and
&-FeOOH 1Y fhi i i 40 7E 33 GPa B &A= T £-FeOOH under high pressures
AL, NI HEE e-FeOOH £ H 76 JE 5 K 8 T L 1
X PR LR o SRR S R 5C R ARSI 5 R W, SRS PR AL LG 257 30~40 GPa Y[R 35 4K
B R AT S A 55 A B 00T AR D A, anvk B VIDAH . D A In-OOH #H LA K 55 /K i Ak ) 3 40 51447,
A9 b Y R DU X PRSI B9 O—H---O JH IR, SV i i s AL i (O— H) 5 — AU BT 45
B, @R T 50— MR R R T s g KA (H- - O) 8545 o BB TR B M 5 A9 189 o, 352 66 i 340y
(O—H)IEK, 55 ZU8E (H---O) 4 L, B3PI/ A K BE AR S5, H 213K IS AH 48 41 A9 e Ak bt o B i
A RS R TE v T T A A B R AR AL B4R, 7 BB v R A R R SN B (O— H) F55 SEUHE (H---0)
R AR N OO HERE B ) — 21,
fF 33 GPa L) |, s-FeOOH 451 th F B (i S 4 15 OO i 22 (] B B85 114 — 2 JL -7 AHAE, AnTel 3 TR
£ &-FeOOH MiX K & 55 AR R b, BT OO Z M I BE B — iy 2.6 A, BB —h 1.0 A;
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Bifi 5 15 5 (9 59 111, e-FeOOH 1 i A4 B2 8 4 /)8, L5

33 GPa i, O---O Z [H] () #E 25 & i 4 /N 2 2.338 A; o Ry

FE I i B K I A R 5 B 34 0 S T 3 48 K, 33 GPa 14 Roo/2

A ¥ 3 AU B SR T N 2 1.170 A, LI R I EE K sl

J3.0-+-0 B B — 25 B T SR ARSI (33 GPa 5 o

ZJ7), e-FeOOH 45Hyth OO 2[4l iy B 25 Al f2 5 <iab

R ARG, BEEK 5 00 BBk [

IECN M
Py-FeOOH M &5 # A7 7E J2 5, fH Py- - e

FeOOH [ i k% 3 B AE 30~40 GPa ¥4 % 1 5675, o0 6‘;ressu9r2/GPa‘2° 150° 180

PRI Py-FeOOH @ RZTHN AL AN BRI oon sappepmciicmsssam ke i
O—H--O, ifif HAEHTA M 52t oy Py-FeOOH i Fig. 3 Hydroxyl bond length and oxygen bond distance of
JE 58 (K F70 GPa) # itk & A= SV BRI 1Y 5 4% £-FeOOH under high pressures

£:(30~40 GPa) ., Py-FeO, 454 PN AN FFEA7EFR 5,

ZER T O— O BBl 3R A8 1k 1 fa L 5 e-FeOOH 45 My R[], 54 & BRE5 # b O— O B [ 16 3 1 154
Tz s CULIEL 4), 5 ke o 45 e He i 22 Ak %) fa Shop ]

Py-FeO,. Py-FeOOH Fil &-FeOOH 4 i Jifd 25 Ji£ Fifi F 52 (1) 3% Jin i 38 fin ( WL 5), Py-FeO,. Py-FeOOH il
&-FeOOH 14 %% i 7 [F] 45 i 5 25 14 KUK I8/, Py-FeO, [1)% i i i, Py-FeOOH ()% & [t Py-FeO, F#IX
9.4%, &-FeOOH 1% FE Lt Py-FeO, FEAIK 14.4%, 1115 3 (%) % B Bl R o (9 A8 ffa 3 5 52 g 25 10 7 B AR
AHAE, Py-FeO, MY i il %% B 15 5206 25 B (W A X 22 4 0.5%, Py-FeOOH 1 i it 2% i 55 52 36 25 11 iy AH
X 224 0.8%, &-FeOOH 1Y i il %% FE 5 S 40 245 17 i AH X i 25 1 2.5%

23
Ro.0 1000
22+
2000 |
2.1
< E 3000}
é? 2.0 —‘g_ Py-FeOOH
2 | Py-FeOOH, Ref[7]
& 4000 Dot Re
1.9+ Py-FeO, Ref[5]
5000 F —*— &-FeOOH
—#— £-FeOOH, Ref[7]
1.8+ —— PREM
6000 | — AK135
1.7 L 1 L . . | | | | |
0 60 120 180 240 300 360 4 5 6 7 8 9 10
Pressure/GPa Density/(g-cm™)
4 Py-FeO, 45#H & E K Bl R sm i A8 1k &5 Py-FeO,. Py-FeOOH Fll e-FeOOH 1Y% B BRI 78 4k
Fig. 4 Oxygen bond length of Py-FeO, Fig. 5 Variation of density of Py-FeO,, Py-FeOOH
under high pressures and e-FeOOH with depth

1E 0~3000 km IR Y5 {4, Py-FeO,. Py-FeOOH Fll e-FeOOH 1 %5 & 1 T~ it 78U b Bk 235 J3F 435 oy A5 A4
(W 5), 5 Mg /2% 5 (5 g/em®) A LMY, Py-FeO,. Py-FeOOH Fil e-FeOOH )% & ¥ % . Py-FeO,.
Py-FeOOH #1 &-FeOOH 1% i th 2 7 2 898 km (#4153 5% ) fif ii 55 PREM 1 AK 135 #EAUAHAS, IR A%
% L T Py-FeO,. Py-FeOOH Fll -FeOOH. 5 J& [l By i A L, iy W] 2 0 &5 ) % 2, Py-FeO, .
Py-FeOOH i 24k 2 1] #th BRIEHS T U0, W58 & 8, e id 100 GPa B9 K38 5% /£ 1, Py-FeO,, Py-FeOOH 2%
5 AIOOH Hl MgSiO H, JE i [ # #K ), Tsuchiya 51" Bl AIOOH it LA Bk ™ %1 25 44 £ 5 77 16 &
170 GPa, JE B 1) [ 1 1R S AR AR R (0 % B, fifi 2 SE 23 PREM B4, KL, Py-FeO,. Py-FeOOH Fil
&-FeOOH B¢ [&T 5 VA ) A7 7E P fil £ Xof Hbu e (% 285 7 A T 252 0
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2.2 MR

40 %) P B R A 7 K P A AR (0 SR, s O A SR ORI R R . O T RS
Py-FeO,. Py-FeOOH Fll &-FeOOH Iy #LPEPE T, 4313155 T 10~350 GPa i [l N Py-FeO, Fll Py-FeOOH L) K
0~ 170 GPa i FEl I e-FeOOH HY i1t 5 %5, 45 022 1.

W) AR E T AN (L 5 Rl 1 A RS 1, A9 D) F e M, 5880 1 WT LAk A Born-Huang £3 €
PEFHE 47 H 8

(1) Py-FeO, fl Py-FeOOH MY Z5 4 7 fh &R, A 3 DML st 80 (C,. Chy. Cu), BROEESAF N
C,>0(i=1,4),C,>0,C,,—C,,>0,C, +2C,,>0,

(2) &-FeOOH M ZE M IEASdh &R, A 9 DA R H B (C)y . Cpyn Crsn Chy Cyzn Cazy Cyy Cssa Cog)
FasE &N C,>0(i=1,2,3,4,5,6), C,, + Cp+ Cyy +2(C, + Cy + Cpy) >0, Cpy + Cp, —2C,, >0, C,, + Cyy —
2C;;>0, Gy + G55 = 2C;> 0o

Py-FeO, Fll Py-FeOOH 7£ 0~350 GPa PNiiff /& 37 77 i 2 45 14 i B M 2%, e-FeOOH 7£ 13~170 GPa
T A E A d R A AR e VAR, RUTENEA 1R E 45 . e-FeOOH J& %24 (a-FeOOH)

P75 £F 84 (B-FeOOH) | £F 8™ (y-FeOOH) iy 2400

FiTEZ A . SCH B E BRI S ESE , e-FeOOH 21007 o

AT BIEZ) 10 GPa 4Pk T IR AL, (IRFE T i BasE 47 1500} T

FEUS 1, AR THETAE R (13 GPa) HIFF £ 00 et B
Py-FeO, Fil Py-FeOOH Hy#iHE %L C,,. C,,. § 1222 C Z33Gpa, |+ e-FeOOH

C,, B FE 58 P 386 T e 3G i (WLIET 6), B4k &, ERT

Py-FeOOH fy 3t # 4 5k T Py-FeO, 3PS 5 coolss ara

B, Py-FeO, il Py-FeOOH My M ¥OUE ML 515 5 4090

NGER0 A, - FeOOH HytE chalE = ' [c,

SRR AN 6 FE 7 B, Ho €L Ch,. Gy 600 |-

Cun Cogn Cran Cy B TR OB I AEBEIN, €, BE Aol nsrprrasprrzsse———t—s

H i B3 0T /1N, Css Bl 558 0 3G AL AN K 0(; \36%GPaléo T

&-FeOOH ) itk 4 E 33 GPa Mt KRRk, iX Pressure/GPa

S T A B RS ALTT 2 TSR 6 pyreo,. Py-FeOOH I s-FeOOH A

% X —MR KW, e-FeOOH 1Y 5PE 3 B 5 AU it (Cpy\ Cpon Cu) BT IS AL,

S UIAH G o R A M A Cyy RILT S Fig. 6 Elastic constants (C,,, C,,, C,,) of Py-FeO,,

(100) & T W5 45 (010) i ) 55 U1 3 28 Y HKHTRE 7, Py-FeOOH and £-FeOOH under high pressures

(100) /& 17 b H A e300 %) S50t P AU, 5 i 700 s

C, FE R T 58 BRI . RSB C,, 281 ggg I gu

W/, R BN R DK 338 e-FeOOH [ 4514 £ 400133 Q{;

FUEPERRE . X TIESCR AL MY e FeOOH, & & 200l

R MR R: C,>0(i=1,2,3,4,5,6), S el G

Ciy + Cpy+ Cyy +2(Cpy + Ciy + Cpy) >0, Cyy + Cyy — 2 500 o
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First-Principles Calculation on Crystal Structure and Elastic Properties of
Py-FeO,, Py-FeOOH and e-FeOOH under High Pressures

GU Xiaoyu, LIU Lei

(The United Laboratory of High-Pressure Physics and Earthquake Science,
Institute of Earthquake Forecasting, CEA, Beijing 100089, China)

Abstract: Py-FeO,, Py-FeOOH and &-FeOOH are important components of mantle and core-mantle
boundary. Their physical evolution characteristics at high temperature and high pressure are important for
understanding the composition, structure and dynamic process of mantle. The crystal structures and elastic
properties of Py-FeO, and Py-FeOOH at 0—350 GPa and e-FeOOH at 0—-170 GPa were calculated by first
principles in this study. The Py-FeO, and Py-FeOOH belong to the cubic crystal system, their lattice
constants decrease gradually with increasing pressure. The &-FeOOH belongs to orthorhombic crystal
system, and its lattice constants decrease with increasing pressure, however, a and b axes bump up at
33 GPa, while ¢ axis swoop at 33 GPa. The cell densities of Py-FeO,, Py-FeOOH and &-FeOOH increase
with pressure, and the relative cell density among these three phases is Py-FeO, > Py-FeOOH > &-FeOOH.
The bulk moduli of Py-FeO,, Py-FeOOH and e-FeOOH increase linearly with pressure, and the shear moduli
of Py-FeO, and Py-FeOOH increase linearly with pressure, but the shear modulus of e-FeOOH mutates at
33 GPa. Py-FeO, has the highest bulk modulus, and Py-FeOOH and &-FeOOH have almost the same bulk
modulus at high pressures. In addition, Py-FeO, has the largest shear modulus, and £-FeOOH has the
smallest shear modulus. The compression wave velocities of Py-FeO,, Py-FeOOH and &-FeOOH decrease
gradually with the increasing pressure, while the shear wave velocities of Py-FeO, increase gradually with
the increasing pressure. The shear wave velocity of Py-FeOOH decreases with the increasing depth in the
range of 0—2000 km, and the variation is small in the range of 2000—6 000 km (5.8 km/s < v, < 6.0 km/s).
The shear wave velocities of e-FeOOH mutate at 33 GPa (about 900 km depth). The wave velocity of
&-FeOOH is the lowest, while that of Py-FeO, is the highest. Based on comprehensive theoretical
calculations, it is found that Py-FeO, and Py-FeOOH have the high density and low wave velocity
characteristics, which are consistent with the properties of the mantle ultra-low velocity zone (ULVZs).
Py-FeO, and Py-FeOOH may enrich and sink to the core-mantle boundary after formation, becoming the
source of the ULVZs. The hydrogen bond symmetry of e-FeOOH under 33 GPa may affect the crystal
structure of e-FeOOH, the atomic interactions of e-FeOOH, and then the elastic properties and seismic wave
velocity of e-FeOOH.

Keywords: £-FeOOH; Py-FeOOH; Py-FeO,; crystal structure; elastic properties; first-principles calculation
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