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Abstract: In this paper, we have summarized the progresses in mineralogical researches over the past two decades regarding to the
structural phase transitions and mineral reactions in the lower mantle, and emphatically discussed the formation of Ca-rich
bridgmanite and the influence of its structural phase transitions of (Al, H)-SiO,, on the physical properties and chemical
compositions of the lower mantle. Firstly, we have discussed the formation conditions of Ca-rich bridgmanite, clarified
contradictions and problems in previous studies regarding to the influences of temperature, pressure, and elemental composition on
the depth of the formation reaction of Ca-rich bridgmanite, suggested that this reaction could lead to stratification of phase
compositions in the lower mantle, pointed out that its effects on the velocity, density, and element partitioning of the lower mantle
should be further researched. By summarizing the influenece of Al and water on structural phase transitions of SiO, in subducted
oceanic crust and the reactions between carbonates and SiO,, we have further discussed relationships between these variations and
the low velocity bodies in the middle part of the lower mantle at different depths and scales, and have proposed that further

investigation of the influence of Al and water on the structural phase transitions of SiO, under relevant mantle temperature and
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pressure conditions is crucial for understanding the formation of small-scaled scatterers in the middle part of the lower mantle.
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T L 2 M BR N R R Y i 2k B R TR
660 km IE# 222890 km , i & AF fL 7 35 1800~4400 K
(Brown and Shankland, 1981 ; Hernlund et al.,2005),
HI T BR T A 1 4 W (0 BEOR RE S5 K A T Mg
Yyl A B AT ILF-J0 i B RS e Ay
LR S o PRIHOR T 0 A 9 32 AR T Ml 7 2
PURIIIG: 182 S DA Recy Uk VN TR - A =D AR 7/ e o v A e
(Bercovici, 2007; Lay, 2007 ; Price,2007) . AR T Hh
WS P 445 A 11490 J5iT 2HL IR, %o 4FE 50 R A B A ) b 3k 4y B
e, JUHSR AN B e PR A3 R Bk N 3R 5l ) o7
AR 7R TZ Mk FR GE Y B2 2R M A A AL ) AT

WFFE R BT g = 5 h A a7 & 41 [ (Mg, Fe)
(Si,Al,Fe)Os ], kT8 A [ (Mg, Fe)O T RIEGEA
(CaSiO3) A i, (McDonough and Sun,1995;Irifune et
al.,2010;McDonough,2016) . 7Eiig mpiA g 45 i
A2 AT TE T Y i R A T 5% (IR FR A8, Bk BE
AR AT L3 3 R ~17 % F~8% (B 5340
(McDonough and Sun,1995;Ricolleau et al.,2009;
Irifune et al.,2010;McDonough,2016), M T XLy
WA T 0 R T R N A AR AR AR S R I A — 4
b 2 R PRTAR T M AN A7 TE A RV 1) 1) b
I (Dziewonski and Anderson, 1981). 25X Mk
RS S W BF ST Y OCTE A R BRI L N R
SRR TN 177 100~300 km &b 8L 1] ) 45 I AL
P HO0.5%~3%MBkAE 2 LD R SE T (Lay and
Helmberger, 1983 ; Wysession et al.,1998), D" A%
SE T AR AZ S 0 R M D7 I 3] A AN [R] X
LI A e A IS ERE (Li et al., 1998;Lay and Gar-
nero, 2004 ; Hutko et al.,2008;Sun D Y et al.,2016),
W AR TR R A Y XSSO I 3 3 AR Y
B4E(Sun D Y et al.,2016). HEIRD" AL 1H 1YY A
BN 5 A B AT A ) S B R 4 R R AR 2 DA OG
ED 7 A 3 S5 THT 52 A% 14 6 3 45 1) B R W A 0 i A A
568 10 P R 1) 3 AL B2 43 A AN — (Murakami et al.,
2004,2007;0ganov and Ono,2004 ;Hirose,2006;Ono
and Oganov,2005;Catalli et al.,2009;Sun et al.,
2018).

BR T DA EESE A, KR ST YT # A (LLSVPs,

Large Low Shear Velocity Provinces ) Fl#8 {4y
(ULVZs,Ultra-low Velocity Zones) & T Hil& #5711
T3 AN R e S ), LLS Vs T K- FE
AR IR T A A% 0 00 AL | R (Vs ) L ] ) g
R RKZ1%~3%(Ni et al.,2002;Ni and Helmberger,
2003 ;He and Wen,2009,2012). LLSVPsHZ AL &
H AT AR R A4 o FE e =220 Wy, DUy i 22
BEA EFedi LS A7 UK & Fedl B S 41 (115
A R AR BN A AT RE S LLSVPsHYTE il 3¢ (Zhang et
al.,2014;Wu,2016; Thomson et al.,2019;Wang et
al.,2021) . MAMBERS) S 2T 5EHE T LLSVPs T fiEg
JE IV A R A Oy S R v 5k B A RO RRUE
A (Labrosse et al.,2007;Lee et al.,2010;Nomura et
al.,2011) . IXLE4) I b Bl s B s, DRkl LA
JE G B 8 X AL (Labrosse et al., 2007 ;Lee et al.,
2010;Nomura et al.,2011), WAWFFINN K HIMZ
BB Fe-Ni- ST /A #E AT 1 i i 7 s 7T G 1 1%
LLSVPs, {HEFed 4 Uit A Ar e rp (9 & BB A7 AERUR
4+ (Shi et al.,2013;Zhang et al.,2016), X T4
i1 A B LR Rl 2 I 10%~30% ULV Zs, H AT AE Y
T BHL AL 8 B K0 i 7K 5 B8 43I il L Fe it
T, LA K B Fea 854K | & Fedk Tk A1 IR i Fe-HAL
B E RS BT EA % —/IAiR (Williams  and
Garnero, 1996;Zhang and Fei,2008;Hu et al.,2016;
Liuetal.,2016,2017;Mao et al.,2017;Fu et al.,2023;
Esdaille and Chen,2024),

R TR ) MR S A T b v UL 2 i
Z/NRUEHUSHK (Kaneshima and Helffrich, 1999; Niu
et al.,2003;Niu,2014;Haugland et al.,2017;Zhang et
al.,2020) o 326 B R AR (Vs ) 3l K LEJ F
H AR 2%~6% , P (V) I~1% , 2 B 22 57 1E
0.6%~9%= [H] (Kaneshima and Helffrich,1999;Niu et
al.,2003;Niu,2014) . 7E 7 3 P45 X3, /N ROBEE Bl
PRFNE 30T Holg V22 =ik 10%~12% (Haugland et al.
2017) ¢ X L8/ HUR AR T3 5 T LR i 741 o
9 5053 A AN — A O, A 4 (Sun et al.,2019;
Wang et al.,2020;Zhang et al.,2021;Yu et al.,
2024).

UTAER 7 A e T o TR S B A5 2R O R e ok T
AR K BRAF AR K 43 AT RE B BE IR v I 7 E A M
BRUEER , I EL52 e b 88 Jeg 3595 DX I8 100 ) o 26 1 5 b 7
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{55 (Zheng et al.,2016;Maeda et al.,2017;Li et al.,
2018;Lv etal.,2021), JEHIZILAFAR LI ARSI
R, BAGREAT A T e PR IR I A B A,
OO FRATT AR T g 9 454 5 ) B AR AR A T A
AJIANIR (Creasy et al.,2020;Muir et al.,2021;Ko et
al.,2022;Zhang et al.,2023) . ASCH R4 TR
o R ) 2 TE T M TR B 0 S A IS TR 4 R
DS 0 b 5 40 R0y Jo 73 T2 SR B BRAR AL

1 EEEEFMGTETEANEES TH

845

RAE20 M8 WA H SO FE I, i 1600 km
TR AL v] BEAFAE L5753 )2 (Kellogg et al.,1999). 1
T Mg AR AR — S R B 4 JE R LASE A
FRE T MR TR P S B XA Y TRl 2R 25 55 D e )
A7 Hb AT 7 R 5 b RN AN A 9 1) 5 (K ellogg et
al.,1999) . EAEAZME L L T b b A ool
B A A BRIV AN S

N HE i J LR J2 B T AR S AE T ML AR PR R
KA SR AL B A e HIX S AR A 2ok 2 AR
JE LR 5 AN L. Badro4§(2003) &
BRI B P Fef3d)2 HLT1E60~70 GPazy K4 H
K FIE 156 22 2B FEARGES 1 X Fe H iE4% 42
T | 1 b BR ) B8 A AIFFE HG (Lin et al., 2005
Marquardt et al.,2009;Mao et al.,2011;Yang et al.,
2015;Wu,2016). BIRTE300 K R84 R ki A
T 2 e BB AE T AT | S A AR e AN S ~10%
B I SR T o R 28 Y 5 (ELVR R T i 22 Ml v IR
BEJG 5 B e 8 i 3 % ~1200 km (Lin
et al.,2005;Mao et al.,2011). H i, HFe [ i/ 25 2
A AE 7 A= W] BRI (4 72 2715 5 A AR ORI (Lin
et al., 2005 ; Marquardt et al.,2009 ; Antonangeli et al.,
2011;Mao et al.,2011;Yang et al.,2015;Wu,2016),
YER TS s b & i e 2 904, A BLAr 2 40 i Felr]
FEAE A e A2 | (H B e e 28 & A 1Y 2% 1 1R i Z1
(Dobson and Brodholt,2005;Catalli et al.,2011;Mao
et al.,2015), HA Y7 B4 24 hilFe i AEBAL
A HEFE40~50 GPak /1l Hie%% 28 (Dobson and Brod-
holt,2005; Catalli et al.,2011;Mao et al.,2015), &
SRA AT B AT F e L AR R RE T LG LR B BE 11
ST AN e A B AR L Pl T A LA = A A ALRR
Bl T BRIy & i, i A2 A hFe’ " e AR R
JE R A B 7T L AR M | R e L) ) i ek
254443 )2 (Dobson and Brodholt,2005;Catalli et al.,
2011;Mao et al.,2015;Fu et al.,2018)., TEHAIE

INT TR AT O s T N AT SR 5 Ay Sk 42
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FIS X 3ol A ol 1o SE 98 R, RS IR B4R i i -Cafi L5 2 A I 2%
o b 5 (BT HFe & 5% AL 2% ; IR (A Y15 HFe & E10% Al
B A% LI HFe B 5% ~8% N & AL £L (0 fi W Fe & i 12% Al R

21% (Creasy et al.,2020;Fujino et al.,2004;Ko et al.,2022),

RELE R BE T P E -Cafii HLE B 41 IR A IR B B Fe B it 10254 (Muir
etal.,2021), Hr @A BR HALIE 5%, @ L F 5t 10% Al
BES% WS O R NFT S 20% AL 5%, MR SE N IEH

B i (R IR 1 28 (Brown and Shankland, 1981)., CMB—#%i&5h 5t

E1 Fe AIZEICE N & -Cafi B4 2 A AR

Fig.1 The Influence of elements such as Fe and Al on the

formation conditions of Ca-rich Bridgmanite

0 e S B A A L R AR T T
wm U E5 R A g T B T b e A IR O ST U A R 4 A
(Sun N'Y et al.,2016) . UT4ERA WFTERGLEE i, ALFI
TiJC 2 A A AT LA P Ty 5 280 =6 45 i A A R 1 4
f A ] DUAE VR IR o A EE R A7 78 T F b (Kurashi-
na et al.,2004 ; Thomson et al.,2019) ., {HAl Ti%Jc &
FE T 108 it A B, ORI b iR R R R B A R X
T i A7 2R AR 14 52 0 O R i i — B TR AR, 31X
FERY LS AR AL 2 T BERS 51 1L T M b A BR Ve A B2 5 /2
WARHRE.

Ko (2022)7E A SR A4 75 & 32 1 v Tk e JR 45 2R
N b SR 39 GPa | JREE 52200 KU 5k
AVRHE AT B A — . X5 T b b B
PHHEAT AT HL A S0 AT B A R Ik S AR Y
LGN REAA AR . WS R ARG, SR T T
Mo R AFTEY) BOE SRR B G . 2B R AE20
2K, Miyajima%§ (1999) 5t LA & ALA R A 7E Rl i
FEdh 7235 GPam i INAJG | & 9B 55 ik 4 A
NALFVE A T A LAy 8 A, ABJS SR B A VR e
UGBTI 5T K B, 685 A A E A AT 2 A AV
& H7H0.02 (Irifune et al.,2000)

HATE kK, BEEA GRS AM BT 2 0%
ZMAIEE, B, BEREA A RS S0 kAT
VR I FE SR AE~35 GPa(900 km IR ) LA -, i BE 4 8 i
1900 K(Creasy et al.,2020;Fujino et al.,2004;Ko et
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al.,2022; Muir et al., 2021 ; Zhang et al.,2023) . i,
Fujino%§ (2004 ) £ LLEK AR AR A1 5 55 8018 A1 TR B 1R
Sy RS HRAE o 114 v e v P S 8 RO B B S A A R A
258 f17E~30 GPa . 1900~2200 K F ik JL P52 A H.
75 T 2476 A F~78 GPa  1900~2200 K& , B Rk A
R I B A ~9% Mg (BRI, T )L K&K~8%
Fe. K5 M5 5 RMF AR IR BE XS Calts ATR
HAT 2 A AWK EEH (Miyajima et al.,1999;
Fujino et al.,2004;Creasy et al.,2020;Muir et al.,
2021;Ko et al.,2022;Zhang et al.,2023)., fEKo%§
(2022) W 5E A ATTIREE 2 B A & Cadin HLAT & A 4
HWEAE2200 KL s B IF A 45 R A M, 7
125 GPa 2042 K, {U1%H) BASHEA AT LA A L4 2
A, 752675 KB 10% 0 BEGRE A A, (5 2435 B T+ 5
22743 K, WA 50% 19 BE5 kA 7] LLA A (Muir et al.,
2021).

T M A LA A R Fe M AR T A% 2, Fe ATAL
T 2T B A A TS AN EEA B E
1 (Miyajima et al., 1999 ; Creasy et al., 2020 ; Muir et
al.,2021)., &%, BELS AP FeXt BE A 13
AFIRHEEH (1) (Ko et al.,2022) ., &8ki10%HY
fMEA2ASBEEATE R K ETE3IGPa,
1900 K, & i Cao Mg sFeo Si0O5 , H.1A 1 B L B e i
BT ) 4EMgSi03-CaSiOs ik R ~400 K (Muir et
al.,2021), A X FHF SR PREREF L2
Fe "y it 7 W B 0, B AT AE R R e
(Miyajima et al., 1999 ; Creasy et al.,2020; Muir et al.,
2021) ., HISTEBsEE I, A0 LA 8 A ThFe” il LI
s Cadiy BLar 2 A1 IR 8 (Muir et al.,2021). 40
5% F e A LAl — RE O 2 1Ak 3 B A Rk A V8 A A
LA S IR R [ ~700 K (Muir et al.,2021), {H5E
B g A a) A N Fe X & Cafi B 47 2 A0 IR L A 7]
(Miyajima et al., 1999 ;Creasy et al.,2020) , Miyajima
45 (1999) YR AFE S U A Fe R AT 75 Ml
(YRR i v & BT AR R R P A Fe® o R At AT 3
T, 76 6805 ek A Vi A A LAY 2 v e s PEAE T 2
Ak 2 R 77 A fIFe® (Miyajima et al., 1999) ., A4
I, Creasy®% (2020) & BAEFe® /ZFefl 1y 1% fHHE
d B R R R 3R 15 $1)2000~2300 KF135~40 GPa
W H B REAIE A BT 2 AN E 12’5
MRS Fe /S F et N E155% 5 , £ A R I 4k 14
THHTECafi BATE 1,

S AE RS AT EEAN TR
— AN S s Cati 27 2 A HITE B (Fujino et
al.,2004 ; Muir et al.,2021;Ko et al.,2022), Figi &
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MWL, & 10% Fe? FI5% ALPTHIRES AL A A 8%
Fe*"  LIKFe ™ + AP R 2% I BF 5 1 %5 6
~200 K (Muir et al.,2021), Ko%:(2022) %8, 7E[F
& A Fe FIAIR R S B A 5 b A LA & 4 - B AS Ak
A REH R A Felk R m~400 Ko R, 3X 7
THAIFFE YA R AU 6 85 1k A 7 A A LT = AR
H (Muir et al.,2021;Ko et al.,2022),

— HBEEEA 510 B2 0 0 BETE T gk
Az HLKE B o E Dk A LA 2 A BT EEA B
REA AR B2 DA R A AT & - B A Rk A A
BT AR B T R o AT ETIA BRI R 4y 2
K M TR E 32 )84y TR EE FNA BLAT B A0 Hh Fer S 19 5%
W, R A 4 K A AR TR g 3 1500~2200 km g
BE o HRT, %40 2 RN AT REHE R 16T 1 iy B A
P NI AE o MR O A B SE IR 5 Ko %5 (2022) 48
W% T BEAT 0.6 % 188 B ARk | 2% Al e Y A
TR JLT- A A8 Ak, PR32 S AN 25 7= A T LU
HIHb R A0 S o AR P BEIE T A0 &5 5 1% ] BE
ot A I8 A D D 3 0 7 AR -0.5%~1.2% F1-1.5%
~3.5%H748 4k (Muir et al.,2021), {HXJEHE=4: 4
BRVE A R 2R S8 W RH S . WA R TR R 5
XA E O R R Z — . 75 R b Ek A 5
R HLE 1 251, & Cafii EEL B A AT REFEAR VR 1Y T
Hu e IR TR W (Ko et al.,2022) . 7EHIBRIZ H4 )03
R N L & Cafii HLIE & )2 S5 Wi A SR P 7
T HuE RS (Ko et al.,2022) o X FhEGE AL R vh R B
AN AR AR B A 43 2 AT 52 e Hiu i i) B A8 5 L T
FOrHC R R B B T, DU e 1 R B AN )
R — PR R

2 fRrop il T g o AN R HAT R

R T A% 0 B I AR A B B S, ML RR A
36 R L8 1 E900~1900 km P B 776 — L 5 )k 1%
T & Fl 8 2 %~ 12 % 1) 3 i 5 45 1A (Kaneshima and
Helffrich, 1999;Niu et al.,2003;Niu,2014;Haugland
etal.,2017;Zhang et al.,2020) . XK A7 T Hulg A
A B, B 22 700 R Q0 i ok AR E 110 S 35 ) 8 o 1
FHHEGE ARG T HE AN [ TR 22 F0 X A7 AR ) 52 43 A
HYSH? XY B S A SRR I g OG? ik LE
HB B Ay P T b 0 ) 5T A B R 2 B Y B R R
[R] Rt

TEALS 0y b e PE S R W Mg 2 Mg, (H &
Si.Fe Al Ca% % ,Jf Hib#ns 1T K i 945 & 41 (Ri-
colleau et al.,2010;Ishii et al.,2022b) . X Fj A2
SRR A e HAT B S DX I b ) %8 R R



32

R /km
410 660 900~10001000~1100 ~1600~1750
U T <
i gt ol &
& x5 Bl =[]~ e
A LeF w| #H,. &
£ 1 gl x| S
2.4F # o
oo
0.5 1. %<H<0.6 1.%
§ l 6 mo! O MO
< R
0.8}
H>5 1.9 Zng
0 i mo. (]
1 1 1 1 1 1
20 30 40 50 60 70
p/GPa

W5 R S H 1 0.5%~0.6% ; ZL (S AT A b H A R T
5% IR N AR ETHI A0 . 520 M= 20 21 T Hbibg
T R TR LA R VsAE Ak, b S R DL HS (Zhang et al.,
2020) ;1 {44 H AW (Niu, 2014) FIHE—T 5 HbIX (Niu et al.,2003) ; 1

64, T LG 491X (Kaneshima and Helffrich, 1999) ; 4 Jy 5 261X

(Haugland et al.,2017)
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i 5 SO A AN i) DX 2 0 A e B
Fig. 2 The influence of Al and H elements on the phase
transition conditions of stishovite under ambient temperature
and high pressure,and seismologically observed low S-wave

scatterers in different regions

JiE 4544 (Wang et al.,2020; Yu et al.,2024) ., #3512
IEH M AR L AR e oe oh & A KB SIO,, B A 1
AR XA 3R o % R B g AT B RGP I (Harte , 2010
Sun et al.,2019;Zhang et al.,2021) ., SiO,LI# A IfF
TE TR ob 22T M g 9 52 b, S i T LRI 16%
~25% (MBI E0) (Harte,2010) o 7 T s bl [
ZAF T (~1800 km 2200 K) , i f7 S 2t — 2B AHAE
HA CaCL R E5 4 (1) J5 B A1 940 (Kingma et al., 1995;
Prakapenka et al.,2004;Shieh et al.,2005;Nomura et
al.,2010; Wang et al.,2012;Fischer et al.,2018; Sun et
al.,2019) . MIRX —HHAS R BRIPE R AR A2
| Y A Y % R R (H 7R AR 8 2o 7 2 S BT AR
2 118 R R B FAAE 2 20 1.2 % 18 A I 6.3 %o 14 A U8 I
W (Zhang et al.,2021;Yu et al.,2024), K, iX—
ARSI A 2 v A /N RO HIC A Y 32
(Sun et al.,2019;Zhang et al.,2021) . {HHb 7= W0
2 (1 /N RUEE BGHA 53 A1 7£900~1900 km A R (Ka-
neshima and Helffrich,1999;Niu et al.,2003;Niu,
2014;Haugland et al.,2017;Zhang et al.,2020), %
JE B 40 9 2 CaClL B 5 37 47 SAH 728 AT IR 1 e hr i
Je R AR TEARIR T 0] 6B & AR TE B R I X, AR
SRTERVR IR b 25 A T 1R SE IR BEAR T IE #1800 KT,

INT TR AT O s T N AT SR 5 Ay Sk 42

X — AR %2 A R BE AT AR 22 ~1500 km , {HL AT AR M figt
B SR EEFE900~1500 km , B % 54 F5 34 10%~12%
/N R EE B 1R (Haugland et al.,2017) .

B3 — 4R 2, SiOL 2 AIFIUK 7E T Ho e i) 5 48,
{4 (Lakshtanov et al.,2007;Litasov et al.,2007;Bol-
fan-Casanova et al., 2009 ; Nisr et al.,2020;Ishii et al.,
2022a;Lin et al.,2022). SCEGAFFTEE], T Hupg i
A YER] DLAS A4 10% (Joi 54350, R 18] By K i s 3
AL AL AT LLIAF9% (Ishii et al.,2022a;Lin et
al.,2022). ALRY S BLAEE AR B R AR B A 05 28 )5 i A
HEAHAL 5% (Nisr et al.,2020;Zhang et al.,2021;
Ishii et al.,2022a). FE300 K I, & 3%A1(EE /R
i, N R A3 A 9 AE~35 GPa(900 km) 5l AH7ZE A J 7
AL R TR SR I T4 Si0, Wi 471 9E 4955 GPa(Zhang
et al.,2021). X FARFAIKR HEELI4H -Si*
B HCA AL 1 AT e H A S 36 6 H ey 5% e Sy
YA AR SR AT AE 4 (Nisr et al.,2020;Lin et al.,
2022), B, Nisr%5(2020) N AHAAIZERL, 7] K bE
FEARHT A0 A AR IR ) . 76 5 14% HIWSiO T,
A FiAE~24 GPa, 1500 K (660 km ) 5t 25425 M 5 ¥ 41
YEAH . fHLin% (2022) XN HRA G 43 S A0 A2 1 52
/N, BHETAE , 2 7EAVFHIF BHFEAE R Sio,h
(2.37(2)% Al1,0.53% H),#H78 E5% Al ik 224.3 GPa
(~660 km) (Lakshtanov et al.,2007 ; Bolfan-Casanova
et al.,2009; Nisr et al.,2020;Lin et al.,2022; Zhang et
al.,2022). B iR 56 T& AVFIHBT A 9028 514 i F
FELE IR A TR T RS o R A T e 52
Wi X — AR B R AR TR T 7 ALFIHE 5 5| K AR i 2 rp
TR B R I R ARk 7 Sk AR K e T R AT T Ml
JINROBE BB AATE BUBIL A ) 3% o

ARG PRI IR R L A T e 2R
ZEEEWT (MgCO5) B K 43 (Maeda et al., 2017 ; Drewitt
et al.,2019;Lv et al.,2021) . XLEIE K S37E T Hudg A
A B 2 55V 50 L S s ) Jo A A SR, S T T e
TE 30 X I B ) i 2H i (Seto et al.,2008;Maeda et
al.,2017;Drewitt et al.,2019). filtn,Z580 Mo
SiO, 78 F g Fh#650~80 GPa(1200~1800 km ) & 4= &2
B, Az CO, MM gSiOs, I #Y 5 f 3 e &4 5h
147 MPa/K (Seto et al.,2008;Maeda et al.,2017;Dre-
witt et al.,2019) . FelyIM A SRR HED 5 Si0, i
I &% A= 1R BE (Drewitt et al.,2019) . & FeCO;415.38%
(i 80 B2 k0 # 7E46 GPa . 1900 K 5Si0, %
A L, SR e AR R 74 MPa/K ;N K AR Y IR E
K FMgCO;MK R EZIRE )~2100 K (Drewitt et al.,
2019). WRHA = AR HZ 2T Mg 25 5>
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16.89% (/3B )FeCOs M H = A1 £ 7E50 GPa .
1880 K5Si0, & 4= )z i ( Drewitt et al.,2019)

il R k55 S10, 5 N g B 19 028 ARF o v 76 oh
S10, ) £ it , 1 1T 5% M 07 A 0% 28 i 307 Ay R A 1o 3ol
SR o 4Si0, PR S A AL AUFIHE , 78 155
T HE R R ZEEET-Si0, 1Y SN AR T A S AR AR
RAETEH R ~1000 km?R i (Maeda et al.,2017). 40
T ST COL I i H2.5%~5.0% (5 4K
FRHER 55 S10, 19 KR T FEFSLAN M 52 1 4.5%~9.0%
9Si0, (Yu et al.,2024), AHETAERAIT TR,
STOL B THFE S5 , AR A 32 i v = 2 Ay A g AVt o oy
~6% 5 52.5%~4.5% (Yu et al.,2024) . X T4
A b i, 24 G B B OE H M AR5 00 KA, 220 5
SiO, By b &A= AE B 9 A A8 2 J5 (Nomura et al.,
2010;Sun et al.,2019). Z5&BRERERAS B SR i 5
F14) S 288 85 5, 5 B A v e o R A B A A AR
BT N 4.4%~6.4(4) % MRS I I BEFE (Yu et al.,
2024) . ISR R ALFTHXS 7 A7 Sk AR R Y 520
A i 57 iR B B AS ) AR R BE Y AR Ak mT LA i B A H
ARG G — T M B 4N S X 0 # Y
900~1800 km ¥R & i Fil P, AT 2%~ 7 % ok I AIG o S 4
AN RO BUHA RS TE i (Kaneshima and Helffrich,
1999;Niu,2014;Niu et al.,2003; Yu et al.,2024).

PRI, T AP e 2 3 /0N R B0 A 1) ol ]
A5 IR PP 50 4 B 43 22 5 A B b 0 8 P T 22
DB 8 AA 5 OB B YITA OG o 48K, ALFIH & &= DL Y
ok 3 72 A 2 AT 5 e 17 A 95 5 CaC L R 25 R AHAR TR
P A B T H AT B2 RS A SR A A . X —
S T S S 38 B 1 0%~ 12 % K14 7N R E B S0 4 T
B H] BB SIOAHAS AR i B, 3k LEH T SR ke 11 52 56 A
HOE TR FER T B FRA T — PR A AR AE T N ith
S A T R 1 3 S A ) T J LA

3 B4

A==

AL ok 2 b 22 AR R R R ) 2 5
B A BIS T 7 AR T Mg A R RIS R S
PRUT T 33 S BIF 5% 5 25 ¥ 4 728 R0 49 12 1 5 1 8T &
B, VLR FRATER A A T b 4y 5 21l A0 3
SN EREE L, CEFRELSE T AR SA-B8
fit A1 HIE FT(AL H)-Si0, 45 M AHAZTE 5 78 T e 78 7
PTG 2% AN [ U8 32 T S i A L R S v i P ) F
FEMA . M T RS FefALR & DL K Feffr % i B
A - B REA TR T HIS B R A TR IR, 48
HAT O A LR AT ISR P E RN R . R
fi i B BRI A ST B T A WA A AT 2 0 - B A

33

Tl A EL A ) R LR 2R P (ELN B R PR S S AR S T
15 B3 A 1 A 0 3R 20 I Az L B Sk R 4 TR 25 A AT
AR, A — T . BRI AL AL ST
g SR B /N RUPEE AR D2 0 S RS S PO i DDA
5, (EAE b AF IR BE T, A LRI K Ji ey 5 i 87 47 B 4544
FHASTRIE | LB AT A A 15 3 A 52 452 ) et 47
e ZEARK I L AR T HEAT IR A ST . X SE T X
O IR F) 23 R R A A I S AT 108 T St i 2l A
SR IATR, XoF I s B TR A A R B G

EERBAER: 30T F, LaAM 28 XFRE; TEE,
SUBKIAAT UFS KRR A B R LFS AR 4, UF
B 5145,

FEE MR AFHRIEALRA SR,

SEZ K (References):

Antonangeli D, Siebert J, Aracne C M, Farber D L, Bosak A, Hoesch M,
Krisch M, Ryerson F J, Fiquet G, Badro J. 2011. Spin crossover in
ferropericlase at high pressure: A seismologically transparent transition?
Science, 331(6013): 64-67

Badro J, Fiquet G, Guyot F, Rueff J P, Struzhkin V V, Vank6é G, Monaco G.
2003. Iron partitioning in Earth’s mantle: Toward a deep lower mantle
discontinuity. Science, 300(5620): 789-791

Bercovici D. 2007. Mantle dynamics past, present, and future: An introduction
and overview. In: Treatise on Geophysics. Amsterdam: Elsevier: 1-30

Bolfan-Casanova N, Andrault D, Amiguet E, Guignot N. 2009. Equation of
state and post-stishovite transformation of Al-bearing silica up to 100 GPa
and 3000 K. Physics of the Earth and Planetary Interiors, 174(1-4): 70-77

Brown J M, Shankland T J. 1981. Thermodynamic parameters in the Earth as
determined from seismic profiles. Geophysical Journal International, 66(3):
579-596

Catalli K, Shim S H, Dera P, Prakapenka V B, Zhao J Y, Sturhahn W, Chow
P, Xiao Y M, Cynn H, Evans W J. 2011. Effects of the Fe** spin
transition on the properties of aluminous perovskite—New insights for
lower-mantle seismic heterogeneities. Earth and Planetary Science
Letters, 310(3—4): 293-302

Catalli K, Shim S H, Prakapenka V. 2009. Thickness and Clapeyron slope of
the post-perovskite boundary. Nature, 462: 782-785

Creasy N, Girard J, Eckert J O Jr, Lee K K M. 2020. The role of redox on
bridgmanite crystal chemistry and calcium speciation in the lower mantle.
Journal of Geophysical Research: Solid Earth, 125(10): ¢2020JB020783

Dobson D P, Brodholt J P. 2005. Subducted banded iron formations as a
source of ultralow-velocity zones at the core-mantle boundary. Nature,
434(7031): 371-374

Drewitt ] W E, Walter M J, Zhang H L, McMahon S C, Edwards D, Heinen B
J, Lord O T, Anzellini S, Kleppe A K. 2019. The fate of carbonate in
oceanic crust subducted into earth’s lower mantle. Earth and Planetary
Science Letters, 511: 213-222

Dziewonski A M, Anderson D L. 1981. Preliminary reference Earth model.
Physics of the Earth and Planetary Interiors, 25(4): 297-356

Esdaille S S, Chen J H. 2024. Mineral physics constraints on ultra-low velocity



34

zones in the lowermost mantle. Earth Science Reviews, 250: 104685

Fischer R A, Campbell A J, Chidester B A, Reaman D M, Thompson E C,
Pigott J S, Prakapenka V B, Smith J S. 2018. Equations of state and phase
boundary for stishovite and CaCl,-type SiO,. American Mineralogist, 103
(5): 792-802

Fu S Y, Chariton S, Prakapenka V B, Shim S H. 2023. Core origin of seismic
velocity anomalies at Earth’s core-mantle boundary. Nature, 615(7953):
646651

FuSY, Yang J, Zhang Y Y, Okuchi T, McCammon C, Kim H I, Lee S K, Lin J
F. 2018. Abnormal elasticity of Fe-bearing bridgmanite in the earth’s
lower mantle. Geophysical Research Letters, 45(10): 4725-4732

Fujino K, Sasaki Y, Komori T, Ogawa H, Miyajima N, Sata N, Yagi T. 2004.
Approach to the mineralogy of the lower mantle by a combined method of
a laser-heated diamond anvil cell experiment and analytical electron
microscopy. Physics of the Earth and Planetary Interiors, 143—144: 215—
221

Harte B. 2010. Diamond formation in the deep mantle: The record of mineral
inclusions and their distribution in relation to mantle dehydration zones.
Mineralogical Magazine, 74(2): 189-215

Haugland S M, Ritsema J, Kaneshima S, Thorne M S. 2017. Estimate of the
rigidity of eclogite in the lower mantle from waveform modeling of
broadband S-to-P wave conversions. Geophysical Research Letters,
44(23): 11778-11784

He Y M, Wen L X. 2009. Structural features and shear-velocity structure of the
“Pacific Anomaly”. Journal of Geophysical Research: Solid Earth,
114(B2): doi:10.1029/2008jb005814

He Y M, Wen L X. 2012. Geographic boundary of the “Pacific Anomaly” and
its geometry and transitional structure in the north. Journal of
Geophysical Research: Solid Earth, 117(B9): doi:10.1029/2012jb009436

Hernlund J W, Thomas C, Tackley P J. 2005. A doubling of the post-perovskite
phase boundary and structure of the Earth’s lowermost mantle. Nature,
434: 882-886

Hirose K. 2006. Postperovskite phase transition and its geophysical
implications. Reviews of Geophysics, DOI: 10.1029/2005RG000186

HuQY,Kim DY, Yang W G, Yang L X, Meng Y, Zhang L, Mao H K. 2016.
FeO, and FeOOH under deep lower-mantle conditions and Earth’s
oxygen—hydrogen cycles. Nature, 534: 241-244

Hutko A R, Lay T, Revenaugh J, Garnero E J. 2008. Anticorrelated seismic
velocity anomalies from post-perovskite in the lowermost mantle.
Science, 320(5879): 1070-1074

Irifune T, Miyashita M, Inoue T, Ando J, Funakoshi K, Utsumi W. 2000. High-
pressure phase transformation in CaMgSi,O¢ and implications for origin
of ultra-deep diamond inclusions. Geophysical Research Letters, 27(21):
3541-3544

Irifune T, Shinmei T, McCammon C A, Miyajima N, Rubie D C, Frost D J.
2010. Iron partitioning and density changes of pyrolite in Earth’s lower
mantle. Science, 327(5962): 193—195

Ishii T, Criniti G, Ohtani E, Purevjav N, Fei H Z, Katsura T, Mao H K. 2022a.
Superhydrous aluminous silica phases as major water hosts in high-
temperature lower mantle. Proceedings of the National Academy of
Sciences of the United States of America, 119(44): 2211243119

Ishii T, Miyajima N, Criniti G, Hu Q Y, Glazyrin K, Katsura T. 2022b. High

pressure-temperature phase relations of basaltic crust up to mid-mantle

INT TR AT O s T N AT SR 5 Ay Sk 42

conditions. Earth and Planetary Science Letters, 584: 117472

Kaneshima S, Helffrich G. 1999. Dipping low-velocity layer in the mid-lower
mantle: Evidence for geochemical heterogeneity. Science, 283(5409):
1888-1891

Kellogg L H, Hager B H, der Hilst RD V. 1999. Compositional stratification in
the deep mantle. Science, 283(5409): 1881-1884

Kingma K J, Cohen R E, Hemley R J, Mao H K. 1995. Transformation of
stishovite to a denser phase at lower-mantle pressures. Nature, 374: 243—
245

Ko B, Greenberg E, Prakapenka V, Alp E E, Bi W L, Meng Y, Zhang D Z,
Shim S H. 2022. Calcium dissolution in bridgmanite in the Earth’s deep
mantle. Nature, 611(7934): 88-92

Kurashina T, Hirose K, Ono S, Sata N, Ohishi Y. 2004. Phase transition in Al-
bearing CaSiO3 perovskite: Implications for seismic discontinuities in the
lower mantle. Physics of the Earth and Planetary Interiors, 145(1-4): 67—
74

Labrosse S, Hernlund J W, Coltice N. 2007. A crystallizing dense magma
ocean at the base of the Earth’s mantle. Nature, 450(7171): 866—869

Lakshtanov D L, Sinogeikin S V, Litasov K D, Prakapenka V B, Hellwig H,
Wang J Y, Sanches-Valle C, Perrillat J P, Chen B, Somayazulu M, Li J,
Ohtani E, Bass J D. 2007. The post-stishovite phase transition in hydrous
alumina-bearing SiO, in the lower mantle of the earth. Proceedings of the
National Academy of Sciences of the United States of America, 104(34):
13588-13590

Lay T. 2007. Deep earth structure—lower mantle and D”. In: Volume 1:
Seismology and the Structure of the Earth. Amsterdam: Elsevier: 619—
654

Lay T, Garnero E J. 2004. Core-mantle boundary structures and processes. In:
Geophysical Monograph Series. Washington, D. C.: American Geophy-
sical Union: 2541

Lay T, Helmberger D V. 1983. A lower mantle S-wave triplication and the
shear velocity structure of D”. Geophysical Journal International, 75(3):
799-837

Lee C T A, Luffi P, Hoink T, Li J, Dasgupta R, Hernlund J. 2010. Upside-down
differentiation and generation of a ‘primordial’ lower mantle. Nature,
463(7283): 930-933

Li A B, Fischer K M, Wysession M E, Clarke T J. 1998. Mantle discontinuities
and temperature under the North American continental keel. Nature, 395:
160-163

Li X Y, Zhang Z G, Lin J F, Ni H W, Prakapenka V B, Mao Z. 2018. New
high-pressure phase of CaCOj; at the topmost lower mantle: Implication
for the deep-mantle carbon transportation. Geophysical Research Letters,
45(3): 1355-1360

Lin J F, Struzhkin V V, Jacobsen S D, Hu M Y, Chow P, Kung J, Liu H Z, Mao
H K, Hemley R J. 2005. Spin transition of iron in magnesiowiistite in the
Earth’s lower mantle. Nature, 436(7049): 377-380

Lin Y H, Hu Q Y, Walter M J, Yang J, Meng Y, Feng X L, Zhuang Y K, Cohen
R E, Mao H K. 2022. Hydrous SiO, in subducted oceanic crust and H,O
transport to the core-mantle boundary. Earth and Planetary Science
Letters, 594: 117708

Litasov K D, Kagi H, Shatskiy A, Ohtani E, Lakshtanov D L, Bass J D, Ito E.
2007. High hydrogen solubility in Al-rich stishovite and water transport
in the lower mantle. Earth and Planetary Science Letters, 262(3—4): 620—



T PrE AR ER 2025,44(1)

634

LiuJ,HuQ Y, Kim DY, Wu Z Q, Wang W Z, Xiao Y M, Chow P, Meng Y,
Prakapenka V B, Mao H K, Mao W L. 2017. Hydrogen-bearing iron
peroxide and the origin of ultralow-velocity zones. Nature, 551: 494-497

Liu J C, Li J, Hrubiak R, Smith J S. 2016. Origins of ultralow velocity zones
through slab-derived metallic melt. Proceedings of the National Academy
of Sciences of the United States of America, 113(20): 5547-5551

Lv M D, Dorfman S M, Badro J, Borensztajn S, Greenberg E, Prakapenka V
B. 2021. Reversal of carbonate-silicate cation exchange in cold slabs in
Earth’s lower mantle. Nature Communications, 12(1): 1712

Maeda F, Ohtani E, Kamada S, Sakamaki T, Hirao N, Ohishi Y. 2017.
Diamond formation in the deep lower mantle: A high-pressure reaction of
MgCOs; and SiO,. Scientific Reports, 7: 40602

Mao HK, HuQY, Yang L X, Liu J, Kim D Y, Meng Y, Zhang L, Prakapenka
V B, Yang W G, Mao W L. 2017. When water meets iron at Earth’s core—
mantle boundary. National Science Review, 4(6): 870-878

Mao Z, Lin J F, Liu J, Prakapenka V B. 2011. Thermal equation of state of
lower-mantle ferropericlase across the spin crossover. Geophysical
Research Letters, 38(23): doi:10.1029/2011g1049915

Mao Z, Lin J F, Yang J, Inoue T, Prakapenka V B. 2015. Effects of the Fe3+
spin transition on the equation of state of bridgmanite. Geophysical
Research Letters, 42(11): 4335-4342

Marquardt H, Speziale S, Reichmann H J, Frost D J, Schilling F R. 2009.
Single-crystal elasticity of (MggoFeo1)O to 81GPa. Earth and Planetary
Science Letters, 287(3—4): 345-352

McDonough W. 2016. The composition of the lower mantle and core. 143—-159

McDonough W F, Sun S S. 1995. The composition of the Earth. Chemical
Geology, 120(3-4): 223-253

Miyajima N, Fujino K, Funamori N, Kondo T, Yagi T. 1999. Garnet-perovskite
transformation under conditions of the Earth’s lower mantle: An
analytical transmission electron microscopy study. Physics of the Earth
and Planetary Interiors, 116(1-4): 117-131

Muir J M R, Thomson A R, Zhang F W. 2021. The miscibility of calcium
silicate perovskite and bridgmanite: A single perovskite solid solution in
hot, iron-rich regions. Earth and Planetary Science Letters, 566: 116973

Murakami M, Hirose K, Kawamura K, Sata N, Ohishi Y. 2004. Post-perovskite
phase transition in MgSiOs. Science, 304(5672): 855-858

Murakami M, Sinogeikin S V, Bass J D, Sata N, Ohishi Y, Hirose K. 2007.
Sound velocity of MgSiO; post-perovskite phase: A constraint on the D”
discontinuity. Earth and Planetary Science Letters, 259(1-2): 18-23

Ni S D, Helmberger D V. 2003. Seismological constraints on the South African
superplume; could be the oldest distinct structure on earth. Earth and
Planetary Science Letters, 206(1-2): 119-131

Ni S D, Tan E, Gurnis M, Helmberger D. 2002. Sharp sides to the African
superplume. Science, 296(5574): 1850-1852

Nisr C, Chen H W, Leinenweber K, Chizmeshya A, Prakapenka V B, Prescher
C, Tkachev S N, Meng Y, Liu Z X, Shim S H. 2020. Large H,O solubility
in dense silica and its implications for the interiors of water-rich planets.
Proceedings of the National Academy of Sciences of the United States of
America, 117(18): 9747-9754

Niu F L. 2014. Distinct compositional thin layers at mid-mantle depths beneath
Northeast China revealed by the USArray. Earth and Planetary Science
Letters, 402: 305-312

35

Niu F L, Kawakatsu H, Fukao Y. 2003. Seismic evidence for a chemical
heterogeneity in the midmantle: A strong and slightly dipping seismic
reflector beneath the Mariana subduction zone. Journal of Geophysical
Research (Solid Earth), 108(B9): 2419

Nomura R, Hirose K, Sata N, Ohishi Y. 2010. Precise determination of post-
stishovite phase transition boundary and implications for seismic
heterogeneities in the mid-lower mantle. Physics of the Earth and
Planetary Interiors, 183(1-2): 104-109

Nomura R, Ozawa H, Tateno S, Hirose K, Hernlund J, Muto S, Ishii H,
Hiraoka N. 2011. Spin crossover and iron-rich silicate melt in the Earth’s
deep mantle. Nature, 473: 199-202

Oganov A R, Ono S. 2004. Theoretical and experimental evidence for a post-
perovskite phase of MgSiO; in Earth’s D"layer. Nature, 430(6998): 445—
448

Ono S, Oganov A. 2005. In situ observations of phase transition between
perovskite and CalrO-type phase in MgSiO; and pyrolitic mantle
composition. Earth and Planetary Science Letters, 236(3—4): 914-932

Prakapenka V P, Shen G Y, Dubrovinsky L S, Rivers M L, Sutton S R. 2004.
High pressure induced phase transformation of SiO, and GeO;:
Difference and similarity. Journal of Physics and Chemistry of Solids,
65(8-9): 1537-1545

Price G. 2007. Overview—mineral physics: Past, present, and future. In:
Volume 2: Mineral Physics. Amsterdam: Elsevier: 1-6

Ricolleau A, Fei Y W, Cottrell E, Watson H, Deng L W, Zhang L, Fiquet G,
Auzende A L, Roskosz M, Morard G, Prakapenka V. 2009. Density
profile of pyrolite under the lower mantle conditions. Geophysical
Research Letters, 36(6): doi:10.1029/2008GL036759

Ricolleau A, Perrillat J P, Fiquet G, Daniel I, Matas J, Addad A, Menguy N,
Cardon H, Mezouar M, Guignot N. 2010. Phase relations and equation of
state of a natural MORB: Implications for the density profile of subducted
oceanic crust in the Earth’s lower mantle. Journal of Geophysical
Research: Solid Earth, 115(B8): doi:org/10.1029/2009JB006709

Seto Y, Hamane D, Nagai T, Fujino K. 2008. Fate of carbonates within oceanic
plates subducted to the lower mantle, and a possible mechanism of
diamond formation. Physics and Chemistry of Minerals, 35(4): 223-229

Shi C Y, Zhang L, Yang W G, Liu Y J, Wang J Y, Meng Y, Andrews J C, Mao
W L. 2013. Formation of an interconnected network of iron melt at
Earth’s lower mantle conditions. Nature Geoscience, 6: 971-975

Shieh S, Duffy T, Shen G. 2005. X-ray diffraction study of phase stability in
SiO, at deep mantle conditions. Earth and Planetary Science Letters,
235(1-2): 273-282

Sun D Y, Helmberger D, Miller M S, Jackson J M. 2016. Major disruption of
D" beneath Alaska. Journal of Geophysical Research (Solid Earth),
121(5): 3534-3556

Sun N Y, Mao Z, Yan S, Wu X, Prakapenka V B, Lin J F. 2016. Confirming a
pyrolitic lower mantle using self-consistent pressure scales and new
constraints on CaSiOj; perovskite. Journal of Geophysical Research: Solid
Earth, 121(7): 48764894

Sun N Y, Shi W G, Mao Z, Zhou C J, Prakapenka V B. 2019. High pressure-
temperature study on the thermal equations of state of seifertite and
CaCl,-type SiO,. Journal of Geophysical Research: Solid Earth, 124(12):
12620-12630

Sun N'Y, Wei W, Han S J, Song J H, Li X Y, Duan Y F, Prakapenka V B, Mao



36

Z. 2018. Phase transition and thermal equations of state of (Fe, Al)-
bridgmanite and post-perovskite: Implication for the chemical hetero-
geneity at the lowermost mantle. Earth and Planetary Science Letters,
490: 161-169

Thomson A R, Crichton W A, Brodholt J P, Wood I G, Siersch N C, Muir J M
R, Dobson D P, Hunt S A. 2019. Seismic velocities of CaSiO3 perovskite
can explain LLSVPs in Earth’s lower mantle. Nature, 572: 643—647

Wang F L, Tange Y, Irifune T, Funakoshi K. 2012. P-V-T equation of state of
stishovite up to mid-lower mantle conditions. Journal of Geophysical
Research: Solid Earth, 117(B6): B06209

Wang W Z, Liu J C, Zhu F, Li M M, Dorfman S M, Li J, Wu Z Q. 2021.
Formation of large low shear velocity provinces through the decomposi-
tion of oxidized mantle. Nature Communications, 12(1): 1911

Wang W Z, Xu Y H, Sun D Y, Ni S D, Wentzcovitch R, Wu Z Q. 2020.
Velocity and density characteristics of subducted oceanic crust and the
origin of lower-mantle heterogeneities. Nature Communications, 11(1):
64

Williams Q, Garnero E J. 1996. Seismic evidence for partial melt at the base of
earth’s mantle. Science, 273(5281): 1528-1530

Wu Z Q. 2016. Velocity structure and composition of the lower mantle with
spin crossover in ferropericlase. Journal of Geophysical Research: Solid
Earth, 121(4): 2304-2314

Wysession M E, Lay T, Revenaugh J, Williams Q, Garnero E J, Jeanloz R,
Kellogg L H. 1998. The D" discontinuity and its implications. In: The
Core-Mantle Boundary Region. Washington, D. C.: American Geophy-
sical Union: 273-297

Yang J, Tong X Y, Lin J F, Okuchi T, Tomioka N. 2015. Elasticity of
ferropericlase across the spin crossover in the earth’s lower mantle.
Scientific Reports, 5: 17188

YuY X, Sun N Y, Mao Z, Li L, Prakapenka V B, Lin J F. 2024. Thermal

equations of state of magnesite: Implication for the complex mid-lower

INT TR AT O s T N AT SR 5 Ay Sk 42

mantle seismic scatterers. Journal of Geophysical Research: Solid Earth,
129(2): €2023JB028026

Zhang F W, Xiao T T, Muir J M R. 2023. Solid solution of CaSiO; and
MgSiO3 perovskites in the lower mantle: The role of ferrous iron.
American Mineralogist, 108(3): 439-446

Zhang L, Fei Y W. 2008. Melting behavior of (Mg, Fe)O solid solutions at
high pressure. Geophysical Research Letters, 35(13): doi:org/10.1029/
2008GL034585

Zhang L, Meng Y, Yang W G, Wang L, Mao W L, Zeng Q S, Jeong J S,
Wagner A J, Mkhoyan K A, Liu W J, Xu R Q, Mao H K. 2014.
Disproportionation of (Mg, Fe) SiOz perovskite in Earth’s deep lower
mantle. Science, 344(6186): 877-882

Zhang L M, Li J, Wang T, Yang F, Chen Q F. 2020. Body waves retrieved from
noise cross-correlation reveal lower mantle scatterers beneath the
northwest Pacific subduction zone. Geophysical Research Letters,
47(19): doi:10.1029/2020GL088846

Zhang Y Y, Fu S Y, Karato S I, Okuchi T, Chariton S, Prakapenka V B, Lin J F.
2022. Elasticity of hydrated Al-bearing stishovite and post-stishovite:
Implications for understanding regional seismic Vs anomalies along
subducting slabs in the lower mantle. Journal of Geophysical Research:
Solid Earth, 127(4): doi:10.1029/2021JB023170

Zhang Y Y, Fu S Y, Wang B Y, Lin J F. 2021. Elasticity of a pseudoproper
ferroelastic transition from stishovite to post-stishovite at high pressure.
Physical Review Letters, 126(2): 025701

Zhang Z, Dorfman S M, Labidi J, Zhang S, Li M M, Manga M, Stixrude L,
McDonough W F, Williams Q. 2016. Primordial metallic melt in the deep
mantle. Geophysical Research Letters, 43(8): 3693-3699

Zheng Y F, Chen R X, Xu Z, Zhang S B. 2016. The transport of water in
subduction zones. Science China Earth Sciences, 59(4): 651-682

(AXFERE: £BH; HXHFR: KNE)



