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Fig.1 A cross section of high pressure cell for MgSiO; perovskite synthesis
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Fig.2 (a) The X-ray diffraction pattern of MgSiO; perovskite by the micro-focused X-ray diffractometer;
(b) The X-ray diffraction pattern of single crystal of MgSiO; perovskite by precession X-ray camera
F1 FE25GPafA 1500 CHIRESHET MgSiO; BT G LWL R
Table 1 Experimental results on the synthesis of MgSiO; perovskite at 25 GPa and 1500 C
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Run No. Capsule length Duration ResulAts -

/(mm) /(min) Crystal Quantity Grain size/ (mm)
5K1443 2.5 120 Crystals Around 5 0.4-1.0
5K1444 2.5 125 Crystals Around 5 0.4-1.0
5K1448 4.0 140 Crystals More than 10 0.3-1.0
5K1460 4.0 200 Sintered sample — —
5K1475 4.0 120 Sintered sample — —
5K1510 5.5 130 Crystals More than 20 0.3-1.0
5K1519 5.5 150 Crystals More than 20 0.5-1.0
5K1522 5.9 130 Crystals More than 10 0.3-1.0
5K1542 5.5 140 Sintered sample — —
5K1583 5.5 150 Crystals More than 5 0.3-1.2
5K1592 5.5 150 Crystals More than 20 0.3-1.0
5K1617 5.5 150 Crystals Around 5 0.5-2.0
5K1638 5.5 160 Crystals More than 5 0.5-1.5

Note:“—" means that there is no description because of sintered sample.

ARG L B 25 R B 4 BBl . (1) 58 & 4% B/ Shatskiy S5 0 07 2 B & FE M AR K E R
2.5 mm, Q1 5K1443 F1 5K1444 5 525 & AU b AR BURL K /NVE 0. 4~1. 0 mm Z[i] L TR 1 4 45 4%
() b3 L 25 A T S CEIV T AR v 35 194 1 e 7 D R F ARy R L Ry R X S R AT S o0 A 28 E R KB
A B Mg(OH) , 5 {H 2 b 44 1 B A 5 2D 0 O KBURL Y AR — AR T 5 . () RITKEE
4.0 mmAYEI 4 75 f . W1 5K1448 5 528 (& 3 (a)) . 25 2% 19 b 350 Ak T o A% 00 76 B IX L [ RE AR K
MgSiO; fh Ak , I B KR 1) SR B 8 2, 1T 3k 10 ML E, (3) BT 5K1448 B 528 iy 45 3 R K
JEZ 5.5 mm EI &7, A BUE S ERT BORL K /NEZFE 0. 3~1. 0 mm Z i), = B K £, 1l ik 20 4
PLE G 5K1592 55250 (B 4(b)) i HAEZ #4819 b FIRFE AR T SR (B 4 Cad) s v i e I DX 0
DLZKBE A1 R 3o 8 A A7 6 ORI 0 b AR, B B K I 25 88 TE A AT RE K Ky f A, 4 5K1617 Al
5K1638 5 52, Hirh 5K1617 5525 19 K K32 3E 2. 0 mm, (4) 7E 5K1460.5K1475 fl 5K1542 &5
ST 6 1) B A 5 i PR T R AR AU 1) B R A A L AHL 20 A L D B R 28R R B MgSiO; A5 ERET
LA 2 A (MgO) FEA7E . WL 3(b)

MgSiO, Pv crystals

Pt capsule

e

Sintered |
Mg(OH),
N

(a) 5K1488 (b) 5K1460

3 ARERET A RS R A

Fig. 3 Products of perovskite synthesis experiment
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Fig. 4 (a) MgSiO; perovskite (Pv) crystals in the Pt capsule of run 5K1592;
(b) Schematic diagram for crystals distribution in the capsule of run 5K1592 and the relative position LaCrO; heater
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Fig. 6 (a) The X-ray diffraction pattern of MgSiO; perovskite twin crystal by the procession X-ray camera;
(b) Schematic diagram for the MgSiO; perovskite twin crystal
M MgSiO, #5Ek a5 i 5 ) 2o B v S AR R a5 R B, 5 Shatskiy 885 W05 21 1 —FE L 5 478 IR
B 5 1) AR K Sl (110, SR E — A L1105 m gk i A= & VB L 110 JAI[o01 JhlRs 1) A& L B4
C110 AT —A~[001 Pl iE 2 Si-O NI AR 3 A Sl . 15 L1104 ) J2& i 88 19 Si—O S T e i)



56 ] VR TN 25 AR K BE A # N MgSiO, 554k 8™ 28 5 1 & % 913

L) MSiO, B5EKT I % SO 210 PR 0 K30 2 1K 5 BRI 75 25 96 TR T o 4 2 Si-O 2 1 f ] g 2
FRAR T 907 KL . MaSiO, 45 6k 5 P B SRR J 2 7 5 7 B B 4 1) S e (LR I o 0T &
B K AR/ 9 EL TR RS J5E T 0 910 46 e ), M K 24 0 3 1 28 T A . 7 B
P 3 4 I 0 K R b /I A5 3 AR KA 9 6 O 2
KBRS 8K, MeSiO, 456k B 25 5 1 47 2 3L 101 TR AL 101 Tl I 655 FR 22 1. ¥ B2 5 o
B BRI @ B b B AR SE 20 907 I (L7 A — MR/ £ BE A7 BE S 2arctan(a/b— DA22° Qi
/N4 5 O 5 B0 2 8 U A 160 S R B R

A K B 2 ST LU SR K 7E MgSiO, 45 Bk 1 1 o ke T 95 40 L ELJR: 2 K
MgSiO, 454k B o K AR S L BEWI AR T L 5 JE T OB B 45 My B 3 S 285 o /K g 7 Ik 4 M6 3 — 45 4
BEAE 15 3o B 99 O 2% ) £ AR A7 W SR R e o F bR — AR AR P2

4 R IF

B A RO — R LR 2 i A B 2 il B LR S S B B e A BB 2 A 2 A S SRR
AR BRE 5 90 06 2 T B SR i . B SERBOR TR P2 il i R 2R 6 R 5 A9 A K AR e A A
MORBIHMERE . SR, 38 5 A [ 25 1F T 22 00 S 06 25 SR /0 L, S BRI 0 Bir 592 36 45 2R 4 200 Bl 22 001 i B 4
PR R R A R BB Jy 2 AR . TR AT N B A b Sk S Ty 1 R R SR R, LA S B 2R K RS
IS 56 K P 1) e g

References:

[1] Dziewonski A M, Anderson D L. Preliminary reference Earth model [ J]. Phys Earth Planet Inter,1981,25(4) :297-
356.
[2] Katsura T, Yoneda A, Yamazaki D,et al. Adiabatic temperature profile in the mantle [J]. Phys Earth Planet Inter,
2010,183(1/2):212-218.
[3] Strixrude L,Hemly R J,Fei Y,et al. Thermoelasticity of silicate perovskite and magnesiowustite and stratification
of the earth’s mantle [J]. Science.1992,257(5073):1099-1101.
[4] Tto E,Takahashi E. Post-spinel transformations in the system Mg, SiO,-Fe, SiO, and some geophysical implications
[J].J Geophys Res,1989,94(B8) :10637-10646.
[5] Maynard J. Resonant ultrasound spectroscopy [J]. Phys Today,1996,49(1):26-31.
[6] Liu L G. Post-oxide phase of forsterite and enstatite []J]. Geophys Res Lett,1975,2(10):417-419.
[7] Tto E.Weidner D J. Crystal growth of MgSiO; perovskite [ J]. Geophys Res Lett,1986,13(5) :464-466.
[8] Dobson D P, Jacobsen S. The flux growth of magnesium silicate perovskite single crystal [J]. Am Miner, 2004,
89(5/6):807-811.
[9] Shatskiy A, Fukui H, Matsuzaki T,et al. Growth of large (1 mm) MgSiO, perovskite single crystals: A thermal
gradient method at ultrahigh pressure [J]. Am Miner,2007,92(10) :1733-1749,
[10] Litasov K, Ohtani E, Langenhorst F,et al. Water solubility in Mg-perovskites and water storage capacity in the
lower mantle [ ]J]. Earth Planet Sci Lett,2003,211(1/2):189-203.
[11] Paterson M S. The determination of hydroxyl by infrared absorption in quartz,silicate glasses and similar materials
[17. Bull Mineral,1982,105(1) :20-29.
[12] Bolfan-Casanova N,Keppler H,Rubie D C. Water partitioning between nominally anhydrous minerals in the MgO-
SiO,-H, O system up to 24 GPa:Implications for the distribution of water in the Earth’s mantle [J]. Earth Planet
Sci Lett,2000,182(3/4) :209-221.
[13] XuJ,Yamazaki D,Katsura T,et al. Silicon and magnesium diffusion in a single crystal of MgSiOs; perovskite [J]. ]
Geophys Res,2011,116(B12) :B12205.



914 = JiS 7] B 2% i %27 %

[14] Min N B. The Physical Basis of Crystal Growth [ M]. Shanghai: Shanghai Science &. Technical Publishers,1982:
15-16. (in Chinese)
BITIA. SR AR A Y BEE A [M. b . RS EOR AL . 19822 15-16.

[15] Tto E,Matsui Y. Synthesis and crystal-chemical characterization of MgSiO; perovskite [ J]. Earth Planet Sci Lett,
1978,38(2) :443-450.

[16] Kawamoto T,Hervig R H,Holloway J R. Experimental evidence for a hydrous transition zone in the early Earth’s
mantle [ J]. Earth Planet Sci Lett,1996,142(3/4) :587-592.

[17] Kohlstedt D L,Keppler H,Rubie D C. Solubility of water in the in the a.f and 7 phases of (Mg,Fe),SiO,[]J]. Con-
trib Mineral Petrol,1996,123(4) :345-357.

Synthesis of the Single Crystal of MgSiO; Perovskite
in Capsules with Different Lengths

XU Jun-Shan'?, WU Xiao-Ping*

(1. Institute of Crustal Dynamics ,China Earthquake Administration ,Beijing 100085,China;
2. School of Earth and Space Sciences ,University of Science
and Technology of China ,Hefei 230026 ,China)

Abstract : MgSiO; perovskite is the most abundant material in the Earth’s lower mantle. It is very diffi-
cult to obtain single crystal of MgSiO, perovskite due to its high pressure stability over 22 GPa. Thus
synthesis of MgSiO; perovskite,especially the large grain size single crystal,is extremely important to
investigate the properties of lower mantle. In this study,the details of synthesizing the single crystal of
MgSiO; perovskite with large grain size were presented. Our synthesis experiments were conducted at
a condition of 25 GPa and 1500 °C using a 5000 t Kawai-type multi-anvil apparatus. The results using
different lengths of Pt capsule showed the large grain size perovskite crystal can also be obtained even
at the large temperature gradient area in longer Pt capsule,which is different from previous experimen-
tal results. It is suggested that a large temperature gradient in the sample capsule can increase the nu-
cleation density,however,it can also boost the crystal growth of perovskite and thus crystal can grow
at a fast speed. Furthermore, the perovskite growth mechanism was investigated through analysis of
twin crystal, which is important to understand the characteristics of the crystal growth of MgSiO, per-
ovskite at high pressures.

Key words: MgSiO; perovskite;single crystal;crystal growth;lower mantle;high pressure and tempera-

ture;twin crystal
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