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Abstract: The origin and composition of LLSVPs is a currently frontier focus in the solid earth scientific research, but
there is still no definitive answer as a lot of controversies remain. Studying the origin of LLSVPs is of essential scientific
significance for understanding the properties of global mantle convection, the thermal structure of the lower mantle, and
the transportation and evolution of chemical substances. As one of the main minerals in the lower mantle, Calcium silicate
perovskite (Ca-Pv) is also the focus of academic attention in recent years. The crystal structure of the Ca-Pv in the lower
mantle is still one of the main problems should be currently researched. One current unknown is whether the Ca-Pv and
Fe-bearing Mg-Pv could form a solid solution as they have similar structures and chemical formulas. In this paper, the
ground state stability, elastic properties and seismic velocity characteristics of the Ca-Pv and the solid solution have been
calculated by using the first-principle theoretical geochemical calculation. The results show that the tetragonal structure is
the most stable ground state of the Ca-Pv at pressures ranging from 20 GPa to 120 GPa. The elastic wave velocity of the

Ca-Pv in the ground state is about 5% lower than that of the Mg-Pv. Compared with the non-miscible system, solid
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solutions with x(Fe) values varying from 0% to 10% could cause a drop in shear wave velocity (vs) of -2%—0%, a drop in
P wave velocity (v,) of -1.2%—0%, and a change in body wave velocity (v,) of -0.45% —0.15%. Therefore, it is inferred

that the solid solution of Mg,.,.,Ca,Fe SiO; may be used as one of the candidate mineral components of LLSVPs in the

lower mantle.
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Fig. 1. The structure diagrams of three phases for the Ca-Pv.
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AT DURRRE T HE (o 3 ) BB AR . LR AU T Ca-Py 7 N Mg A LIS ST (IARAEAE o SR17 Ca-Pv
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. N R ‘ tetragonal and orthorhombic phases (yellow line) of the Ca-Pv.
Birch-Murnaghan IR Z 75 #2 B4 & 45 # P v )

BIR 1 PR, WATEIL 3 DM K1 CaSiO; M= Birch-Murnaghan RETTRRHTHL &4
) Vo, Ko LS K" B Z IA) ) 22 B AR /)N Tablel.The fitted results of the third-order Birch-Murnaghan
5 = A2 B T AR A i e o,

N . A L] Vo/A® Ko/GPa K
TRIIRA 2T 20 meV). A CaSiOs A4 77 4693 21730 414
WA = Birch-Murnaghan K777 CaSiOs R77H (Jung 2%, 2005) 2 4690  219.16  4.08

. CaSiO; PU 5 # 4691 21904 409
SR A gk B e AT 5 o PN
M aLR G R URR ARG CaSiO; PU77 4 (Jung 2, 2005) 2 4689  219.04 408
B T AR Bl S B vh 3R A5 AR CaSiO; PUF7Afl (Ono 4, 2004) B7 4538 248 4
= ~ w7 i F 4 Ef, [4] . )
(VO) ﬁj(?"] 3%, IX% EE?&’“]FE?K CaS?Oz iﬂiﬁ*ﬁ (Gréaux 2019) 45.58 228 3.7
A it A Al AL 2 CaSiO; 3. J7 46.89  220.04 4.12
I GGA el 7k s 2 mflifk & CaSiO; 7 (Gréaux %, 2019) © 4558 248 42
AR T ER, (15 PSRl IR TS UE T Vo RERTGIAR, Ko BR FARMBE, KM i S50

[ R M [

FrAS 25 GPa [E /1R, L5454 Ca-Py PA . Ca-Pv 5 &84 B 47 2 A4 22 1R A Y0 I 5 B =& 2
Fise BATKII IR AR E (K AU E (G), Ca-Pv MEREFEMLT Mg-Pv ZER, H
Ca-Pv M3 =T Mg-Pv, K Ca-Pv (FEE(L T Mg-Pv (R . 3411045 15 Kaiki T 7e45
— B, MATE A YR B 1Bl 1T AT TN B Sk A R LT 45K Ca-Py B, KIW Ca-Pv
(R EAL T Mg-Pv FIBOE .. [F Kaiki®hE K BISE 74540 Ca-Py (IBAIEH H, BAPERE K s #R 6
FARE AT, XS BAERS T RS B ARL S R SRITIRATASE RAF T Stixrude™!
AN Karki® AR TS . Ca-Pv AT LA 8 A M (p 0 WO REEE, H2 Ca-Pv L Mg-Pv (1)
FEBE (s ) PEH B K. (HRARAIKT Ca-Pv b Mg-Pv FORE I 4 B Bl /N O T 545 SRR el 1Y)
Gréaux 1 Thomson"12¢F Ca-Pv (VLB FT 45 5 — 8. WE 2 Fion, WATKRIL Ca-Pv AL Mg-Pv,
Vo (62 5%, v MK2 5.7%, vy 1K) 3.5%. Thomson™" 15 Ca-Pv ) v, A v, 23514 10.2 km/s F1 5 ks,
XSRS HIATE R KarKi®*P 16 F Mg-Py O3B A EL# I SR K. Gréaux B 78 R BLAE 30
GPa T, Ca-Pv HILL Mg-Pv ] v, (-6.7%) Hlv, (-12.2%) #H KIEFHIK. FI Gréaux Bl Ca-Pv 1
SR R BRI ) 55 R EAKL 26%.
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2 CaSiO; RHE MgSiO; B EHNBEES, ABKE, BYIHRE DR R IKBE
Table 2. The elastic constant, bulk elastic modulus, shear modulus and seismic wave velocity of
CaSiO; and the mixed phase of CaSiO; with MgSiO;

L)L Cn/GPa  Cip/GPa  Cu/GPa  K/GPa  G/GPa  vp/(mis) — w/(m/s)  ve/(mss)
CaSiOs (Karki %, 1998)P% 558.0 240 278 345 228.0 11.7 6.9 8.6
CaSiO; (Ono 2013)P%, 2000 K 447.0 185.0 230.0 275.0 181.0 10.8 6.4 8.0
CaSiO; (Karki %, 2015)™%, 1000 K 505.0 242.0 226.0 324.0 178.0 11.0 6.2 8.4
CaSiO; (Karki &, 2015)™%, 2000 K 468.0 234.0 213.0 309.0 163.0 10.8 6.0 8.2
CaSiO; (Karki &, 2015)™%, 3000 K 433.0 223.0 197.0 286.0 151.0 10.5 5.8 8.1
MgSiO; (Karki %%, 1998) 1 362 220 12.0 6.9 8.9
MgSiOs(Karki 25, 2015)2¢! 11.2 6.4 8.4
CaSiO; 511.0 218.8 241.6 316.2 197.5 113 6.6 8.4
MgSiO; 331.9 215.2 11.9 7.0 8.7
Mg 575Cao,1255103 3289 204.2 11.7 6.8 8.7
Mgy 75Cao.125Fe0 1258105 326.7 202.3 11.5 6.7 8.5
Mgy 625Ca 125Fe 258103 330.2 200.8 11.3 6.6 8.4

XTT Ca-Pv { PR IO AE v ST 5 e i e R 22 57, BRATTUCN AT REAEAELL L7 iR : 1) 2
AL IR HC AT BEAE K, RS RS EA M . Ca-Py HIBTYIRI R B2 SiO6 e I3,
ML S A R 88 RE, A R LU AT A SiOs HIE s, FECA AT A FINASHH A, R R0,
BORBIYIR R MME; 2) A v Re2 T EW THE R Erig T2 B2 AN #ERR, Ca-Pv BN T7 45
FIFDU 7 SR e GRE AR B, B BIRZ R THES, SHARMAIMERIMIES 175 3) LAY
WA REAFAE—LE 22, (ESCIRM S s e A A2, A W] B D& pl At 5 BT i Geadt Ty oio2s 17 5 s 4)
T Ca-Pv RHIEHRE, TERMECIKE, SCIGIERE R ICVE R R AR B (P SR AR S5 40, W] REAF 16 2. 35 IR s
L, IX— SR A W I EE R . Gréaux FH T I SR MR A5 SOAS [R) b A AR RS (1) v, R v fEL,  RIW
FE N HU IS THER (660~770 km)MORB %) 18 22 B AR T b 5 5 Y (1) 0, B ise g 5 RN 20%~
30%F] MORB, 8] LLFRARIX — XIS AGE,  HETmR A5 B A A g 22 a0, BRI, Bk P B
WAL 55 I  [A ) 22 F AT RE & BT Ca-Pyv ARG RN Xl f#fS Ca-Pv FE AT LA
FfRE T R T U8 o e 1Y) B A AE

5k [EI), Thomson 256/ 5t &I Ca-Pv F BN Ti f§15 Ca-Pv (DU 75 FHAE Bl T & 3 d K,
VY5 A R 3 A2 A T 377 A 3 o 78 b 2 /T Hune - 2 A R v H SRS R B T ST 7 454 Ca-Py
FS T ERIBOE, 44 Gréaux™ B H L 45 5, Thomson™ &7 (1 VU 77 5 ¥ (R8s, BT & DU
7 SRR T 4584 Ca-Py WPIRES TR, THHEBGHEE R, W 1500 K iRk, MORB HI3 5 ZK T
SRS NS I, IR AT 2R TR RN B S MOBR 13 & T P g il i or JE . T
MORB % B 5y T3 Hubg, s K T30, B DAn] DUACA LLSVPs 52 FH V2 22 R Hiuhg M
R e 33— 20 XA R LA ) MORB AR A B 1502 B, 100 GPa N, 64%1) MORB #1125 GPa,
48%1) MORB #RAEIR 4T (MIfARE LLSVPs T77E BT DI o 7 7 7. H4E KudoP A Stixrude* i 723K,
RIS A U5 FE (3G I B DI & 2= ek )N, 38 B il T O HE T e LU S 208 i 75 2219 Ca-Pv AR
VU7 4544 Ca-Pv 4544 B3 E o BOR B B T2 8540 . Rk, B R T 45/ Ca-Py
() BEfLPE i BORR IR G SR LG Mg B 76 B, TR A RMEAE SR 264 R Ca-Py VU5 85 H AN T Mg ¥ 7GR
FA AR R E R

P BB SR 2 T Ca-Py £ R HUIE /E NS AHAAAE , W Ca-Pv Fll Mg-Pv 1R & i CaSi0;-MgSiO;
[l AR, SRS B DA R R 2 AR 45 5 . AR A4 Joshua Z5 5B 78 R 24 Ca-Pv Fil Mg-Pv Ji
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F K CaSiOy-MgSiO; [FVEA, 78 F MR R E I %M MG 5RIBE SR EEZZUN v -3.5%~
1.5% 5 v -1.2%~~-0.5%. IXFEIIEE R H 5 LLSVPs (RIS S H W) &0, SZhr T Hub8 iR 1776 Hofh g
JGE (W1 Fe, Al, Ti %), SWPMIBETAEM. Fe & PSR AFEENNHRLZ—, RITRE
2 HI AR R Fe fiefeit Ca/Mg-Pv WA EI, B BALE Fe IMARTRIE A R . 13 2 P, 3141
RIS U R A B S B s, RN BRI SR, Ak /b Sk, &
AR R AR . FATHS T 7 25 GPa F, Ca-Pyv Fl Mg-Pv [E AR TR A AH I E AL B4k & B AR
WG (B 3D, ARE N g A B oy 2 P Bk B i RS B AN 10%. W8] 3 fos, S8E 8T 10%I0,
2R v 2%~ 0% RN, vyr -1.2%~ 0% RN, RBGELAIY: -0.45%~0.15% MR . X5
NHIE LLSVPs T 223 vy 29-2% s 7 5 T 00 R AL 5 A BEA R RIS , 7 Fe &8N 7.5%~10%
IR A, FRATEI TR B vy SARBORGE B T SO GBI SCII R R . HEit, FRATT AT AT T
82 BRI P AH LI M., Ca,Fe, SiOs 1RAT AT REAE N T i LLSVPs (1 B %N W2 —.

3 B4iHRESE

AU TR I, B A 20~120 GPa 544 T,
Ca-Pv W IU77 Z5 ) AH B AR E « ABARE SR i
18, BEIRFERINN, 7EmiR T, MERYERH &
BTSN E TR E . BT Ca-Pv A REN
RN, B LB T A S QHA Tiiker™
AR ZE, A AR AR ) 7 15
JIERAL, AL TEE T CaSiOs 243
MRS B S, Tl B T A — 1
YA IF R A S 2 R ERGE . A,
BT R AR R, £ NIRRT,
AL Ca-Py HIHLEEREORACT Me-Py, TMTH=1 g3 45 05 Gpa FEJy 4 F, Ca-Py 5441 Me-Py IRAF

Ca-Pv 5 Mg-Pv JERCEN GG, FHX T A0 A TR A PRI 2 B A R AR A

S0, AR U PR T R R, Fig.3. At the pressure of 25 GPa, the wave velocity difference
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