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Abstract

Three structures of CaMn2O4, CaFe2O4, and CaTi2O4 have been proposed as post-spinel phases. Be-
cause these structures are very similar, several ambiguities and inconsistencies appear in high-pressure 
studies, leading to many problems that are yet to be solved. Systematic powder diffraction studies 
related to these three phases were conducted under high pressure using synchrotron radiation. All three 
samples have further high-pressure polymorphs. CaMn2O4 transforms to the CaTi2O4-type structure 
at about 30 GPa. The MnO6 octahedron in the lower-pressure structure is distorted by the Jahn-Teller 
effect. A new phase was observed at pressures above 50 GPa during compression of CaFe2O4. Rietveld 
profile fitting analysis of diffraction data at 63.3 GPa demonstrated that the high-pressure structure, 
with space group Pnam, is produced via a martensitic transformation by displacing atoms in every 
third layer perpendicular to the c axis. CaTi2O4 also has a new high-pressure polymorph above 39 GPa 
with space group Bbmm. The most probable post-spinel candidate in the mantle is the CaTi2O4-type 
structure. The CaMn2O4-type structure is only formed at high pressure from spinel phases with atoms 
susceptible to Jahn-Teller distortion. 
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Introduction

Much attention has been paid to high-pressure structural 
transitions of the many spinel phases in the crust of the Earth 
due to their geophysical importance (Reid and Ringwood 1969; 
Ito et al. 1989; Irifune et al. 1998). One of the major minerals in 
the crust, Mg2SiO4 olivine, transforms to wadsleyite (β-spinel) 
and further to ringwoodite (γ-phase) with the spinel structure 
(Meng et al. 1993; Morishima et al. 1994). These high-pressure 
transformations are significant subjects for seismic interpretation 
(Leven et al. 1981; Burnley et al. 1991; Shim et al. 2001). Oxide 
spinels with transition elements or mixed-charge cations have 
been intensively studied from various viewpoints such as their 
magnetic, electronic, or elastic properties (Sawamoto et al. 1984; 
Kiefer et al. 1997; Li et al. 2007). Various spinel structures (Hill 
et al. 1979; Lavina et al. 2002) result from the different cation 
distributions in the A (tetrahedral) and B (octahedral) sites. 
Many spinels have been reported to have solid solutions between 
cations in the A and B sites. Intra-crystalline cation exchange in 
these sites has also been reported from high-temperature studies, 
such as an order-disorder transition in MgAl2O4 (Yamanaka et 
al. 1983; Peterson et al. 1991; Pavese et al. 1999; Harrison et al. 
1999; Méducin et al. 2004). Silicate spinels of transition elements 
are significant samples for magnetic and electric conduction in 
the crust and mantle and their phase stabilities and structures 
under high-pressure and high-temperature conditions have been 
intensively studied (Ohtaka et al. 1997; Xu et al. 1998; Yamanaka 
and Okita 2001; Yamanaka et al. 2001).  High-pressure structure 

transitions of various AB2O4 spinels in the crust have also been 
given increased attention to understand their structures in the 
lower mantle or subduction zones (Irifune et al. 1991; Kirby et 
al. 1996). Their structure transitions or decompositions under 
high pressures are summarized in Figure 1. 

As shown in the list of high-pressure structures of spinels 
(Table 1), Raman spectroscopy and powder diffraction stud-
ies have resulted in three proposed orthorhombic phases of 
CaMn2O4-, CaTi2O4-, and CaFe2O4-type structures as high-
pressure polymorphs of spinels. In these three structures, Ca 
atoms are located at an eightfold-coordinated site and Mn, Ti, 
and Fe atoms are on a sixfold-coordinated site. The octahedra 
are linked through both shared edges and corners. Therefore, 
these three structure types have much denser structures than 
their spinel counterparts. 

The simulated powder diffraction patterns, based on single-
crystal analyses of CaMn2O4 (Geisber et al. 2001), CaTi2O4 
(Rogge et al. 1998), and CaFe2O4 (Decker et al. 1957) are nearly 
identical, highlighting the similarity in the three structures. 
Their space groups, lattice parameters, and site symmetries are 
presented together with their structures in Figure 2. The second 
lattice setting with b > a > c is applied in the list for structural 
consistency. The three structures are composed of a herringbone 
octahedra array. 

Powder-diffraction studies of these samples require special 
care because of their structural similarity. Phase identification 
under high pressures has proven to be very difficult because of 
the many overlapping peaks and the very poor resolution that 
occurs after the transition from spinel, which results in broad-
ened reflection peaks. Therefore, the need remains for higher 
resolution high-pressure studies that are able to resolve several 
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