
Letter

A new (Mg0.5Fe3+
0.5)(Si0.5Al3+

0.5)O3 LiNbO3-type phase synthesized at lower mantle conditions

Zhaodong Liu1,2,*, Leonid Dubrovinsky1, Catherine McCammon1, Sergey V. Ovsyannikov1, 
Iuliia Koemets1, Luyao Chen2, Qi Cui3, Na Su3, Jinguang Cheng3, 4, Tian Cui2, Bingbing Liu2, 

and Tomoo Katsura1,5

1Bayerisches Geoinstitut, University of Bayreuth, Bayreuth 95440, Germany
2State Key Laboratory of Superhard Materials, Jilin University, Changchun 130012, P.R. China

3Beijing National Laboratory for Condensed Matter Physics and Institute of Physics, Chinese Academy of Sciences, Beijing 100190, P.R. China
4Songshan Lake Materials Laboratory, Dongguan, Guangdong 523808, P.R. China

5Center for High Pressure Science and Technology Advanced Research, Beijing, 100094, P.R. China

Abstract

A new (Mg0.5Fe3+
0.5)(Si0.5Al3+

0.5)O3 LiNbO3-type phase was synthesized at 27 GPa and 2000 K under 
highly oxidized conditions using an advanced multi-anvil apparatus. Single crystals for this phase are 
0.2–0.3 mm in dimension and maroon in color. They crystallize in a noncentrosymmetric structure with 
space group R3c and lattice parameters of a = b = 4.8720(6) Å, c = 12.898(2) Å, and V = 265.14(8) Å3. 
Fe3+ and Al3+ cations substitute into A (Mg2+) and B (Si4+) sites through charge-coupled substitution mecha-
nism, respectively. The distortion of BO6 (B = Si0.5Al3+

0.5) octahedra is 1.6 times higher than that of AO6 (A 
= Mg0.5Fe3+

0.5) octahedra. This phase is probably recovered from bridgmanite at lower-mantle conditions 
by a diffusionless transition because of the displacement of A cations and distortion of BO6 octahedra on 
releasing pressure. Bridgmanite can thus contain the FeAlO3 component (50 mol%) beyond previously 
reported solubility limit (37 mol%). The present study shows that the Earth’s most abundant elements 
form a new Fe3+- and Al3+-rich LiNbO3-type compound from bridgmanite at lower mantle conditions. 
This new compound provides a new insight into the complicated crystal chemistry of LiNbO3-type phase/
bridgmanite and constrains the pressure and temperature conditions for shocked meteorites.
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Introduction

Phase compositions of ABO3 compounds are of great sig-
nificance in physics, chemistry, and geoscience. Among ABO3 
compounds, LiNbO3 (LN)-type compounds exhibit remarkable 
physical properties because of their noncentrosymmetric structure 
(space group: R3c) and capacity to adopt a multitude of distortions 
between BO6 and AO6 octahedra (Navrotsky 1998). Some LN-type 
oxides such as LiNbO3 and LiTaO3 can be prepared at ambient 
conditions (Abrahams and Bernstein 1967; Megaw 1968), whereas 
the majority of LN-type oxides have been regarded as a metastable 
quench phase formed from high-pressure stable orthorhombic 
perovskite by a diffusionless transformation upon decompression 
(e.g., Ross et al. 1989; Leinenweber et al. 1991; Navrotsky 1998; 
Ishii et al. 2017). Natural LN-type FeTiO3 was also discovered in 
shocked gneiss from the Ries impact crater, southern Germany 
(Dubrovinsky et al. 2009), and can be used an indicator for shock 
conditions (Akaogi et al. 2016). Consequently, synthesis of new 
LN-type compounds and exploration of the novel functionalities 
related to their structures are important in Earth and planetary 
science as well as and physics and material science.

MgSiO3 perovskite (bridgmanite) is one of the most common 
ABO3 phases in the Earth’s mantle and can contain a large amount 
of Fe3+ in the presence of Al3+ (McCammon 1997; Frost and Lan-
genhorst 2002). The incorporation of Fe3+ and Al3+ would greatly 
change the physical and chemical properties of bridgmanite such as 

elasticity (e.g., Boffa Ballaran et al. 2012), electrical conductivity 
(e.g., Yoshino et al. 2016), and Mg-Fe partitioning in the lower-
mantle phases (Frost and Langenhorst 2002). Several studies have 
found that MgSiO3 bridgmanite with the Al2O3 contents above 25 
mol% would transform to the LN-type phase upon releasing pres-
sure (Funamori et al. 1997; Miyajima et al. 1999; Liu et al. 2016, 
2017a; Ishii et al. 2017). The presence of Al3+ can also enhance 
the incorporation of Fe3+ to form the charge-coupled FeAlO3 
component in bridgmanite through the following reaction: Al2O3 
+ 3Fe2+O = 2Fe3+AlO3 + Fe0 (Frost and Langenhorst 2002). The 
effective ionic radius of Fe3+ (0.645 Å) in sixfold coordination is 
significantly larger than that of Al3+ (0.535 Å) and Si4+ (0.40 Å) 
but close to that of Mg2+ (0.72 Å) (Shannon 1976). In principle, 
Fe3+ preferentially substitutes on the A (Mg2+) site rather than the 
B (Si4+) site due to comparable cation sizes. It is thus expected that 
FeAlO3-bearing LN-type phases can be synthesized at lower mantle 
conditions and exhibit similar or distinct physical and chemical 
properties with only Al-bearing LN-type phases. However, such 
issues remain poorly understood.

Here, we report a new LN-type compound (Mg0.5Fe3+
0.5)

(Si0.5Al3+
0.5)O3 with R3c symmetry synthesized at 27 GPa and 

2000 K in a multi-anvil press. We investigate the crystal structure 
of the LN-type phase by means of single-crystal X‑ray diffrac-
tion, electron probe microanalyzer, and Mössbauer spectroscopy. 
Finally, we discuss the crystal chemistry of the LN-type phase 
and its implications for the mineralogy of the lower mantle and 
the pressure and temperature conditions of shocked meteorites.
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