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abstract

The site-specific behavior of iron in an orthoenstatite-structured 57Fe-enriched (M1)(M2)Si2O6 
powdered sample was explored using synchrotron Mössbauer spectroscopy and diamond-anvil cells in 
two independent experiments at ambient temperature. In one experiment, NaCl was used as the pres-
sure-transmitting medium (ambient pressure to 36 GPa), and in the other experiment, Ne surrounded 
the sample (4.1 to 26.8 GPa). The hyperfine parameters of the M1 and M2 sites at room pressure 
are in excellent agreement with previous literature values obtained using conventional Mössbauer 
spectroscopy and yield (Mg0.980Fe0.020(5))(Mg0.760Fe0.240)Si2O6 as the chemical formula. Analyses of 
both data sets reveal a change in the trend or discontinuity in the hyperfine parameters around 10 
GPa, indicative of a transformation in orthopyroxene. However, the detailed behaviors of the iron 
sites with pressure appear to depend on the local stress conditions provided by the different pressure 
media. Our observations may help explain the reported variations in structural transition behavior for 
orthopyroxenes at high pressures.
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introDuction

The pyroxene group is an abundant mineralogical component 
in the Earth’s top 400 km silicate shell and exists in the Earth in 
two major forms: orthopyroxene (Opx) and clinopyroxene. The 
common space group for Opx is Pbca, although experiments and 
theoretical simulations show the possibility of other forms, such 
as phases with space group Pbcn, Cmca, Ibca, or P21ca. (Yang 
and Ghose 1995; Jackson et al. 2004; Jahn 2008). Clinopyroxene 
(Cpx) can be further divided into low-pressure clinopyroxene 
(LP-Cpx, with space group P21/c) and the non-quenchable 
high-pressure clinopyroxene (HP-Cpx, with space group C2/c). 
Although some of these symmetries of Ca-poor pyroxene have 
been demonstrated in both laboratory and natural occurrences, 
Opx is one of the most abundant natural forms in the pyroxene 
group. Opx comprises anywhere from 5 to 40% by volume of 
rocks in the Earth’s crust and upper mantle (e.g., Ringwood 1977; 
Anderson 2007). The structural transitions observed in pyroxenes 
at elevated pressures and temperatures have been thought to 
provide explanations of geophysical observations in the upper 
mantle, such as the “X-discontinuity” at approximately 240 to 
340 km depth (8 to 11 GPa and ~1350 to 1450 °C) (Woodland 
1998; Akashi et al. 2009) and low-velocity regions (Jackson et al. 
2004; Reynard et al. 2010). However, seismological studies indi-
cate that the depth of the “X-discontinuity” cannot be explained 
by a single Clapeyron slope (Deuss and Woodhouse 2002), and 

several studies on Opx at high pressures have yielded different 
results regarding micro- and macroscopic details of the transition. 
In the iron-rich end-member, Fe2Si2O6 ferrosilite, a Pbca to C2/c 
transition was observed to occur at 4.2 GPa and 300 K (Hugh-
Jones et al. 1996). In other iron-rich Ca-poor pyroxenes, Pbca 
is also thought to transform into C2/c at high pressures (Hugh-
Jones et al. 1994, 1996; Woodland and Angel 1997; Woodland 
1998). In Mg-rich orthopyroxenes or orthoenstatites (Oen), the 
observations have been much more diverse. A Raman spectros-
copy study on orthoenstatite Mg2Si2O6 showed that a transition 
occurrs at 9 GPa and 300 K and suggested that the new Raman 
pattern was consistent with a transition to C2/c (Hugh-Jones et 
al. 1997). Results on Mg2Si2O6 using X-ray diffraction (Kung et 
al. 2004; Lin et al. 2005), ultrasonics (Kung et al. 2004, 2006), 
and Raman spectroscopy (Lin 2003; Lin et al. 2005) claim the 
observed high-pressure behavior in Mg2Si2O6 is not consistent 
with a structural transition to C2/c, however the symmetry of 
the high-pressure phase could not be unambiguously determined. 
Recent molecular dynamics simulations and first-principles elec-
tronic structure calculations suggest that, at room temperature, 
Pbca-structured Mg2Si2O6 may produce metastable displacive 
transitions to P21ca (at ~9 GPa) and Pbca at P > 20 GPa (Jahn 
2008). These symmetries, however, have not been experimentally 
identified. Due to the relative abundance of Opx in the upper 
mantle and its potential to explain geophysical observations, a 
better understanding of its high-pressure behavior is needed.

Investigations on the pressure dependences of the site-specific 
behavior of Fe2+ cations in pyroxenes can provide insight to the 
nature of its phase transitions and can be accurately attained using 
Mössbauer spectroscopy. Conventional Mössbauer spectroscopy 
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