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absTracT

By using a diamond-anvil cell (DAC) with laser heating technology, a cubic perovskite polymorph 

of SrSiO3 has been synthesized at c38 GPa and 1500–2000 K for the first time. The P-V data of this 

new phase give ambient temperate elastic constants of V0 = 49.18(5) Å3, K0 = 211(3) GPa, respectively, 

when they are fitted against the Birch-Murnaghan equation of state with a fixed K0ƍ�DW����2Q�GHFRPSUHV-
sion, the SrSiO3 cubic perovskite phase becomes unstable at c6.2 GPa and disappears completely at 

c4.7 GPa. The transformed product can be considered as an amorphous phase with a minor amount of 

small sized crystals in the amorphous matrix. First principle calculations predicted structural proper-

ties of both the cubic and the six-layer-repeated hexagonal perovskite polymorphs of SrSiO3 in good 

agreement with experimental results. The experimental and theoretical results indicate that the larger 

Sr2+ cation can substitute the Ca2+ cation and enter into the lattice of the cubic perovskite phase of 

CaSiO3 at lower mantle conditions with only a small lattice strain. These results indicate that Sr can be 

hosted in cubic perovskite CaSiO3 found as inclusions in diamonds originating from the lower mantle.
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inTroDucTion

The chemical and structural models of the Earth suggest 

that the Earth’s lower mantle is composed of three major min-

eral phases, namely (Mg,Fe)SiO3-perovskite (MgPv), CaSiO3-

perovskite (CaPv), and (Mg,Fe)O-magnesiowustite (Mw). The 

two silicate perovskite thus constitute more than 80% of its 

volume (Irifune 1994; Kesson et al. 1998; Wood 2000). The 

other elements occurring in the lower mantle are considered to be 

either dissolved into the three main minerals (Irifune 1994; Taura 

et al. 2001; Corgne et al. 2005) or to form accessory minerals 

such as aluminosilicate hollandites (Gillet et al. 2000; Hirao et 

al. 2008). Partitioning experiments indicate that geochemically 

important trace elements such as strontium (Sr), lead (Pb), and 

rare earth elements (REE) enter preferentially into CaPv, and that 

CaPv can accommodate a significant amount of Sr (up to 2 wt%) 

(Kato et al. 1988). In addition, CaSiO3 inclusions in diamonds that 

are believed to be CaPv originating from the lower mantle also 

show a strong enrichment in Sr (up to 0.85 wt%) (Stachel et al. 

2000). Therefore, it is a scientific topic to confirm experimentally 

the substitution of Sr in CaPv by either occupying the crystal-

lographic A-site or by generating a lattice defect in the perovskite 

structure. According to the size of Sr2+ cation and the lattice strain 

model (Shannon 1976; Blundy and Wood 1994), it is reasonable 

to assume that the Sr2+ cation may substitute for Ca2+ in CaSiO3 

perovskite. Additional indication and first hand information on 

the atomic volume of Sr in silicate perovskite can be obtained by 

synthesizing SrSiO3 perovskite at high pressure and temperature. 

SrSiO3 in the cubic perovskite structure has not been synthesized 

in experiments (Komabayashi et al. 2007). It is still unknown 

whether the corner-sharing perovskite-structured silicates could 

provide a lattice site large enough to accommodate the Sr2+ cation.

SrSiO3 crystallizes in a monoclinic structure (C2/c, Z = 

12) at ambient conditions (Nishi 1997a) isotypic to the high-

temperature modification of CaSiO3 (pseudowollastonite) (Yang 

and Prewitt 1999) and SrGeO3 (Nishi 1997b). The typical features 

of the pseudowollastonite-type SrSiO3 are alternate layers of ter-

nary (Si3O9) tetrahedral rings and close-packed Sr atoms stacked 

along the [001] direction forming a six-layer-repeated structure 

(Nishi 1997a). The high-pressure phase relations of SrSiO3 were 

reported to be somewhat similar to that of CaSiO3 (Shimizu et al. 

1970; Machida et al. 1982; Fleischer and DeVries 1988; Kojitani 

et al. 2005; Swamy and Dubrovinsky 1997; Barkley et al. 2011). 

The results of high-pressure and high-temperature experiments 

up to 12 GPa and 1600 sC suggest that the pseudowollastonite-

type SrSiO3 (SrSiO3 I) transforms to SrSiO3 II at about 3.5 GPa 

and then to SrSiO3 III at about 6 GPa (Shimizu et al. 1970; 

Fleischer and DeVries 1988). The structure of SrSiO3 II has 

been determined to be isotypic to walstromite (I-SrSiO3, P1, 

Z = 6), and SrSiO3 III has been determined to crystallize in a 

monoclinic structure with four-membered (Si4O12) tetrahedral 

rings (Iƍ�6U6L23, P21/c, Z = 8) (Machida et al. 1982). Further-

more high-pressure and high-temperature experiments indicate 

that SrSiO3 III decomposes to SrSi2O5 plus Sr2SiO4 at about 11 

GPa and 1000 sC, which is similar to that of CaSiO3 (Kojitani 

et al. 2005). At much higher pressures of above about 20 GPa, 

the thermodynamic stable phase of SrSiO3 is identified as a six-

layer-repeated hexagonal perovskite (6H-type, P63/mmc, Z = 6) 

(Yusa et al. 2005; Akaogi et al. 2005). It is the same structure as 

the hexagonal BaTiO3 perovskite.* E-mail: wsxiao@gig.ac.cn


