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INTRODUCTION

Ca-rich clinopyroxenes (monoclinic, space group C2/c) have
been the subject of numerous mineralogical and spectroscopic
investigations. In this first of three papers reporting on exten-
sive and detailed Mössbauer studies of near-end-members along
the hedenbergite–diopside join, the results and interpretations
of the Mössbauer spectra of two magnesian hedenbergite spe-
cies are presented. Part two focuses on the magnetic character-
istics of these hedenbergite samples, while the third and last
contribution deals with the Mössbauer spectroscopic features
of diopside (three samples with different Fe contents).

In hedenbergite, ideally CaFe2+Si2O6, Ca2+ cations occupy
the strongly deformed M2 polyhedra with eightfold O atom
coordination, whereas the more regular octahedral M1 sites
contain Fe2+ (Cameron et al. 1973). In principle, hedenbergite
should give rise to a single well-resolved quadrupole doublet
at T exceeding the Néel temperature, TN (Amthauer and
Rossman 1984; Stanek et al. 1986; Redhammer et al. 2000;
Tennant et al. 2000). Since naturally occurring hedenbergite is
almost never ideal in composition, fluctuations in the chemical
environment of the 57Fe probes and/or the presence of ferric
ions will produce additional subspectra. Consequently, reported
paramagnetic Mössbauer spectra (MS) for natural samples have
been decomposed into several quadrupole doublets due to Fe2+
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ABSTRACT

Mössbauer spectra (MS) of two natural magnesian hedenbergite samples (hereafter HED1 and
HED2) were collected at temperatures in the range 35 to 800 K. At selected temperatures a longitu-
dinal external field of 60 kOe was applied to the absorbers. The samples were observed to order
magnetically at TN = 33 ± 1 K and 27 ± 1 K, respectively. The temperature dependencies of the Fe2+

center shifts, d, were analyzed using the Debye model for the lattice vibrations, including a tempera-
ture variation for the intrinsic isomer shift, dI. The characteristic Mössbauer temperatures, QM, of
HED1 and HED2 were found to be 440 ± 20 K and 490 ± 20 K, and the intrinsic isomer shifts, dI, to
be 1.434 ± 0.005 mm/s and 1.440 ± 0.005 mm/s, respectively, with a linear correlation coefficient, a,
between dI and T of –4.5 ¥ 10–5 mm/sK. From the external-field (60 kOe) MS recorded at 83, 147,
223, and 277 K for HED2, the principal component of the electric field gradient (EFG), Vzz, is
determined to be positive and the asymmetry parameter 0.70 £ h £ 0.80. Considering the discrep-
ancy between the calculated and experimental applied-field MS, the obtained results for HED1 are
assumed to be somewhat less accurate. The temperature variations of the quadrupole splitting, DEQ(T),
have been interpreted using the crystal-field model. Two approaches have been applied to evaluate
the crystal field. In both cases the crystal-field Hamiltonian included the spin-orbit coupling. The
first model emanates from the approximate and simplified symmetry of the ferrous sites, whereas
the second takes into account the real symmetry of the sites, thus leading to a point-charge calcula-
tion. The temperature variations DEQ(T) and h(T) could be successfully described using the latter
approach.

at M1 sites (Amthauer and Rossman 1984; Stanek et al. 1986;
Redhammer et al. 2000; Tennant et al. 2000), Fe2+ at M2 sites
(Bancroft et al. 1971; Dowty and Lindsley 1973), and Fe3+ at
M1 sites (Dollase and Gustafson 1982; Amthauer and Rossman
1984; Redhammer et al. 2000). In the solid-solution-series
member acmite–hedenbergite (50–50%) (Na0.5Ca0.5Fe2Si2O6)
and in the hedenbergite-aegirine (CaFe2+Si2O6-NaFe3+Si2O6)
solid-solution series inter-site electron hopping between Fe2+

and Fe3+ at the M1 sites has been observed (Amthauer et al.
1998; Redhammer et al. 2000).

In this paper a detailed variable-temperature Mössbauer
spectroscopic study, providing important information on lat-
tice temperatures, electronic structures, and geometrical dis-
tortions of the distinct iron sites, is presented. Two
well-characterized, natural, magnesian hedenbergite samples
were considered. Only temperatures exceeding the respective
Néel temperatures were dealt with. Similar studies of
hedenbergite are very scarce in the literature. To the best of the
authors’ knowledge, only the temperature variations of the
asymmetry parameters for two natural hedenbergite samples
have been reported (Stanek et al. 1986).

EXPERIMENTAL METHODS

Two natural hedenbergite samples were investigated: dark-green needles
from Elba and nearly black needles from Lemhi County, Idaho, hereafter called
HED1 and HED2 respectively. Powder X-ray diffraction data (Philips PW1730/
10 diffractometer) indicated that each sample was single-phase hedenbergite.* E-mail: sigrid.eeckhout@rug.ac.be


