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AbstrAct

We report in situ Raman spectroscopic studies of ulvöspinel in a diamond-anvil cell under hydro-
static conditions up to 57 GPa at room temperature. Two modes near 493 and 681 cm–1 are observed 
clearly at 1 GPa. In the cubic spinel structure, the lower frequency peak can be assigned to a mode 
of F2g symmetry and the higher frequency peak can be assigned to a mode with A1g symmetry. The 
remaining three modes could not be observed unambiguously in the measurements, although there 
are five Raman-active modes (A1g+Eg+3F2g) in the Fd3m space group of the spinel structure according 
to factor group analysis. The peak positions and shapes in the Raman spectra agree well with those 
measured under ambient conditions. With increasing pressure, the frequencies of the A1g and F2g modes 
increase continuously up to 9 GPa with pressure derivatives of 2.5 and 2.1 cm–1/GPa, respectively. 
There is no obvious degradation of crystal symmetry or structural change observed within this pres-
sure range. Upon increasing pressure to ~20 GPa, the F2g mode splits into B1g+Eg modes, and then 
into B1g+B2g+B3g modes. The intensities of the Raman bands gradually decrease due to the tetragonal-
orthorhombic phase transition. This mode completely disappears at a pressure of 29 GPa. The most 
striking characteristic of the Raman spectrum of ulvöspinel is that compression leads to the extinction 
of the Raman-active mode derived from F2g symmetry. Only one peak resulting from the A1g mode can 
be observed continuously up to 57 GPa. The peak shift derived from the A1g mode and its full-width 
at half maximum (FWHM) values suggests another phase transition occurring around 30 GPa. The 
Raman spectrum of ulvöspinel is in good agreement with the spectra of ZnCr2O4 and ZnFe2O4 spinels.
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introduction

The magnetite (Fe3O4)-ulvöspinel (Fe2TiO4) system with 
the spinel structure represents a class of important minerals 
in a wide range of geological environments. Their electronic, 
thermodynamic, and magnetic properties have been extensively 
studied (Ghiorso and Sack 1991; Ghiorso 1995, 1997; Musić et 
al. 1996; Wang et al. 2004; Gatta et al. 2007; Yamanaka et al. 
2008; Bosi et al. 2008, 2009). These properties are sensitive to 
the concentration and distribution of Fe and Ti between two 
symmetry-inequivalent sites: the so-called A position is charac-
terized by a tetrahedral oxygen coordination (T site), while the 
B position has an octahedral geometry (M site) in the AB2O4 
spinel structure. Compositions in the magnetite-ulvöspinel 
series contain Fe2+ and Fe3+ at each structural position. Three 
structural formulas have been proposed to describe the ordering 
of Fe2+, Fe3+, and Ti4+ in the series (Akimoto 1954; Néel 1955; 
Chevallier et al. 1955; O’Reilly and Banerjee 1965). A recent 
experiment has proven that the site preference for Fe2+ moves 
from the M site to the T site as the composition becomes richer 
in the ulvöspinel component (Bosi et al. 2009). The oxidation 
state of iron (Fe3+/Fe2+ ratio) is often used as an estimate of the 
oxygen fugacity during the formation of spinels and their host 
rocks (Buddington and Lindsley 1964; Wood 1991; Ballhaus et 

al. 1991; Ghiorso and Sack 1991; Toplis and Carroll 1995). In 
addition, spinels represent an abundant structure-type in both 
the lower crust and the upper mantle, and they are known to 
exhibit a pressure-induced phase transformation to a CaM2O4-
type structure, where M = Fe, Mn, and Ti (Irifune et al. 1991; 
Funamori et al. 1998; Fei et al. 1999; Levy et al. 2000; Andrault 
and Bolfan-Casanova 2001; Wang et al. 2002, 2003; Dubrovinsky 
et al. 2003; Yamanaka et al. 2008). Hence, the study of the struc-
tural behavior of ulvöspinel at high pressure is important for the 
understanding of the Earth’s transition zone. Ulvöspinel is also 
of practical interest due to its magnetic and electronic properties 
(Katsura et al. 1979; Trestman-Matts et al. 1983; Kakol et al. 
1991; Brabers 1995), but there has been relatively little empirical 
work on the high-pressure and high-temperature behavior of this 
phase to date. Most recently, Yamanaka et al. (2009) have carried 
out single-crystal and powder X-ray diffraction studies of high-
pressure phase transitions in the magnetite-ulvöspinel series up 
to 54 GPa at room temperature. Crystal structures in the series 
transform from the cubic spinel structure to the orthorhombic 
CaTi2O4-type post-spinel structure over the entire solid-solution 
range. The occurrence of a tetragonal phase has been documented 
between 9 and 12 GPa at the ulvöspinel end-member composition 
prior to the appearance of the orthorhombic post-spinel structure. 
Furthermore, a new high-pressure phase that is different from the 
orthorhombic CaTi2O4 structure is also observed above 48 GPa.
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