
9230003–004X/97/0910–0923$05.00

American Mineralogist, Volume 82, pages 923–930, 1997

Intersite partitioning of Mg and Fe in Ca-free high-pressure C2/c clinopyroxene
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ABSTRACT

The intracrystalline distribution of Mg and Fe21 on the M1 and M2 octahedral sites in
high-P C2/c (Mg,Fe)SiO3 clinopyroxene has been determined on quenched samples using
57Fe Mössbauer spectroscopy. Although the recovered samples that were measured had the
low-P (P21/c) structure, the ordering state of the high-P polymorph is believed to have
been preserved because the high-P C2/c → low-P P21/c transformation occurred at room
temperature during the final stages of decompression of the experiments. Under such con-
ditions significant cation diffusion is unlikely. Low temperature (81 K) Mössbauer spectra
indicate that Fe21 is strongly ordered onto the M2 sites, with an average KD Å 4.0(8) for
the intersite exchange reaction:

Fe21(M1) 1 Mg21(M2) 5 Fe21(M2) 1 Mg21(M1) (1)

Because the samples were quenched from high temperature (1200–1275 8C) at 9.5 GPa,
the temperature to which the measured ordering state corresponds remains problematic.
However, a sample re-annealed at 1000 8C is more ordered than the original sample syn-
thesized at 1275 8C, suggesting that high-temperature cation distributions in high-P cli-
nopyroxene can be quenched in the multi-anvil experiments. Therefore, we conclude that
the measured cation distributions correspond approximately to the conditions of the ex-
periments. A small compositional dependence of cation ordering also exists, indicating
subregular behavior across the binary join. A fit to the data yields DG 5 211.9 (2.0)o

exch

kJ/mol at 1275 8C for the exchange Reaction 1, which describes the ordering behavior on
the octahedral sites in the clinopyroxenes.

Comparison with data for orthopyroxene, which were obtained mostly at 1 atm, indicates
that the state of ordering in orthopyroxene and high-P clinopyroxene is similar, especially
if cation ordering in the high-P clinopyroxene has a small pressure dependence. The sim-
ilarities are consistent with the observed structural similarities between the two
polymorphs.

INTRODUCTION

Ca-poor ferromagnesian pyroxene is an important con-
stituent in the Earth’s upper mantle. Although such py-
roxene is usually considered to have an orthorhombic
structure, recent experimental studies demonstrated that a
monoclinic polymorph with the C2/c structure is stable
at high pressures and modest temperatures for both the
enstatite (MgSiO3) and ferrosilite (FeSiO3) end-member
compositions (Angel et al. 1992; Hugh-Jones et al. 1994).
It is, therefore, likely that (Mg,Fe)SiO3 solid solutions
also undergo this orthorhombic-to-monoclinic transfor-
mation at high pressure, implying that the monoclinic
phase could exist in parts of the Earth’s mantle. Woodland
and Angel (1997) have suggested that, for a typical man-
tle pyroxene composition of XEn 5 0.9, the monoclinic
C2/c polymorph becomes stable at depths of about 300
km. Considering that pyroxene is progressively incorpo-
rated into the garnet structure with increasing pressure, it
is likely that the existence of high-P ferromagnesian cli-

nopyroxene is limited to an ; 200 km thick zone strad-
dling the 400 km discontinuity (Woodland and Angel
1997). Therefore, the construction of viable mineralogical
models of the Earth’s upper mantle and transition zone
requires consideration of the thermodynamic properties of
high-P C2/c ferromagnesian clinopyroxene.

The intracrystalline distribution of Mg and Fe21 on the
crystallographically non-equivalent M1 and M2 octahe-
dral sites in the structure is of particular interest because
of its effect on the excess thermodynamic properties of
the clinopyroxene solid solutions. An obvious question is
whether or not the intersite partitioning of Mg and Fe21

is different from that in orthopyroxene. To address these
points we synthesized clinopyroxene solid solutions along
the MgSiO3-FeSiO3 join and then used 57Fe Mössbauer
spectroscopy to determine the relative distribution of Fe21

on the M1 and M2 sites. This approach was previously
applied successfully to orthopyroxene solid solutions
(e.g., Virgo and Hafner 1969; Skogby et al. 1992; Do-


