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abStraCt

We have carried out X-ray diffraction and Mössbauer spectroscopy measurements on the spinel 
phase g-Fe2SiO4 (ringwoodite) at ambient temperature and pressures up to 66 GPa using diamond anvil 
cells. At pressures above 30 GPa, a previously unknown structural phase transition to a rhombohedrally 
distorted spinel phase has been observed (space group R3mR). Mössbauer spectroscopy measurements 
reveal two different Fe2+ sites at high pressure with an abundance ratio of 3:1, in agreement with the 
two crystallographic sites occupied by the iron in this distorted spinel structure. The unit-cell volume 
of the low-pressure spinel phase as a function of pressure results in a bulk modulus of K0 = 197(3) 
GPa using the second-order Birch-Murnaghan equation of state, and K0 = 201(8) GPa and K' = 3.7(7) 
when using a third-order equation of state. The pressure evolution of the unit-cell volume and the 
Mössbauer hyperfine parameters are in good agreement with previous studies, which were limited to 
a lower pressure range.
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introduCtion

The olivine-to-spinel transformation of (Mg,Fe)2SiO4 has been 
extensively studied owing to the high abundance of olivine and 
its polymorphs and their importance for interpreting properties 
of the Earth’s deep interiors. Anderson (1967) proposed that this 
transformation is the cause of the seismic wave discontinuity at 
depths of 400 km and that a further transformation of spinel to 
post-spinel is the cause of the discontinuity at depths near 660 km.

The mineral ringwoodite is a spinel structured solid solution 
Mg2SiO4-Fe2SiO4. The iron end-member of ringwoodite, g-Fe2 

SiO4, is a 4-2 cubic spinel with Si4+ and Fe2+ cations occupying 
the tetrahedral and octahedral sites, respectively. This spinel has 
a very small inversion parameter due to the large difference in 
cationic radii between Si4+ and Fe2+. Yagi et al. (1974) reported 
that only 2.3% of the total Si4+ cations occupy the octahedral 
sites. The conventional unit cell of ringwoodite belongs to the 
space group Fd3m and contains eight formula units (Z = 8) with 
Si4+, Fe2+, and O2– ions occupying the 8a, 16d, and 32e Wyckoff 
sites, respectively.

Hazen (1993) reported compression data for (Mg1–y,Fey)2SiO4 
(y  = 0, 0.6, 0.78, 0.8, and 1.0) spinel compounds up to 6 GPa 
using multiple-crystal mounts, allowing him to obtain relative 
compressibilities for several compounds at similar hydrostatic 
conditions. This comparison showed that the Mg end-member 

is ~13% more compressible than the Fe end-member, with K0 = 
184(2) and K0 = 207(3) GPa, respectively, when fixing K' = 4.8. 
However, through plotting of the normalized pressure as a func-
tion of the Eulerian strain, Hazen determined that the deviation of 
K' from 4 of the two end-members is of opposite sign, indicating 
that at higher pressures the difference in their bulk moduli will be 
smaller. Meng et al. (1994) extended the studied pressure range 
for the Mg end-member up to 30.8 GPa and obtained K0 = 182(3) 
GPa with K' = 4.2(3) in quasi-hydrostatic conditions, using Ne 
as a pressure medium. These values are in close agreement to 
those obtained by Hazen (1993).

Choe et al. (1992) reported a relatively linear decrease in both 
the quadrupole splitting (QS) and isomer shift (IS) of g-Fe2SiO4 
according to 57Fe Mössbauer spectroscopic data up to 16 GPa. In 
this pressure range, it is evident that no structural transitions occur.

Fe2SiO4 olivine has a bulk modulus of K0 = 124(2) and 99(6) 
GPa with K' = 5 under hydrostatic and non-hydrostatic condi-
tions, respectively, according to a study up to 7 GPa by Yagi et al. 
(1975). Andrault et al. (1995) extended the studied pressure range 
up to 10 GPa and obtained K0 = 125(6) GPa with a fixed K' = 4. 
Speziale et al. (2004) obtained elastic constants of K0 = 136.3(2) 
GPa and K' = 4.9(1) for a single crystal of (Fe0.94Mn0.06)2SiO4 
using Brillouin spectroscopy. Andrault et al. (1995) also show 
that in the case of different olivine compositions, an increase of 
Fe content results in a decrease in compressibility along the c 
axis and an increase along the b axis. These two competing ef-
fects result in a much smaller dependence of the bulk modulus * E-mail: erangre@gmail.com


