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Abstract
The Raman spectra of eight clinopyroxenes synthesized along the join diopside-clinoenstatite (DiCen, CaMgSi2O6-Mg2Si2O6) were measured. The splitting of the 670 cm–1 mode of the Ag symmetry,
observed in the composition Di52En48 to clinoenstatite, was interpreted as evidence of a C2/c-P21/c phase
transition. The transition was also revealed by deviation from the linear dependence of the peak position
vs. composition and by the appearance of several new peaks in the samples richer in clinoenstatite.
Analysis of peak positions vs. structural changes suggests that for the M2 polyhedron, in which
Ca substitution for Mg occurs, a different deformation mechanism acts in Ca richer and poorer P21/c
pyroxenes, and that Ca richer P21/c pyroxenes deform with the same mechanism as C2/c pyroxenes.
The frequency of the peak at 670 cm–1 was found to change linearly with the kinking angle of the
tetrahedral chains for C2/c and of the B chain for P21/c, whereas the position of the peak ascribed to
the A chain was little affected by the kinking angle.
Peak broadening in C2/c Ca-rich homogeneous pyroxenes was interpreted to be a consequence of
the positional disorder of the Ca and Mg in the M2 cavity: peak broadening increases with increasing
Mg content for peaks assigned to M2-O vibrations, but it changes little for peaks assigned to chain
bending, which suggests that cation substitution in the M2 cavity occurs with little interaction with the
silicate chain. Furthermore peak broadening was observed in intermediate pyroxenes as a consequence
of mottled textures, antiphase domains, and compositional inhomogeneity.
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Introduction
Among rock-forming minerals, pyroxenes are of special interest in Earth and Planetary Sciences. They are major constituents
in the lower crust and upper mantle, as well as in several chondrites and achondrites. The pyroxene structure, composition, and
microtextures can give a wealth of information about the rock
in which they are found. Such information can be gathered by
careful laboratory investigation through microprobe analysis,
electron microscopy, and X‑ray diffraction. Often laboratory
ex-situ analyses are not possible, however, and other techniques
suitable for on-site analysis, such as Raman spectroscopy, are
required (Wang et al. 2004). There have been several Raman
spectroscopic studies performed on pyroxenes (Mernagh and
Hoatson 1997; Huang et al. 2000; Wang et al. 2001; Stalder et
al. 2009; Tribaudino et al. 2011). The experimental findings were
compared to a well-characterized reference material to obtain
the composition of pyroxenes, from the quadrilateral pyroxene
systems, Mg2Si2O6–Fe2Si2O6–CaMgSi2O6–CaFeSi2O6. The peak
positions in these studies were found to be linearly related to
composition; however, a linear correlation is not expected in the
presence of a phase transition. Instead, a step at the transition or
a change in slope in the different phase fields should be expected.
A phase transition induces an excess of free energy, which results
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in compositional changes in a nonlinear manner and affects the
frequencies of the modes (e.g., Iezzi et al. 2010). Moreover,
further modes appear because of the decrease in symmetry.
A C2/c to P21/c phase transition in pyroxenes occurs between augite and pigeonite because of the substitution of Ca
by Fe and/or Mg. Studies on the compositionally induced C to
P phase transition in quadrilateral pyroxenes are difficult due
to the presence of a wide miscibility gap between Ca-rich and
Ca-poor clinopyroxenes: natural intermediate samples, namely,
subcalcic augite, are invariably affected by some kind of exsolution textures. Exsolution gives broader and less resolved Raman
peaks but can provide potential information on the microstructure
of pyroxenes.
In this work, a Raman spectroscopic study was performed
on a set of synthetic samples that were synthesized in hypersolvus along the iron-free join diopside-clinoenstatite (Di-Cen,
CaMgSi2O6-Mg2Si2O6) and were well characterized previously
by transmission electron microscopy (TEM) and X‑ray diffraction (XRD) (Tribaudino 2000; Tribaudino et al. 2002, 2005).
The diopside-clinoenstatite pyroxenes have the C2/c diopside
structure to about Di60En40 (Tribaudino 2000) and a P21/c structure for higher clinoenstatite content. A large miscibility gap is
present in the system, enabling solid solution only close to the
solidus (Newton et al. 1979). The aim of this work is to relate
Raman peak positions to chemical composition and crystal
structure, to define and model spectral changes due to the phase
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