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INTRODUCTION

Hedenbergite, ideally CaFe2+Si2O6, is a ferrous chain sili-
cate belonging to the pyroxene group, which crystallizes in the
monoclinic space group C2/c. The Fe2+(M1) octahedra and
Ca2+(M2) polyhedra share edges to form laterally continuous
sheets that lie parallel to the c axis. These sheets include zig-
zag chains of M1 sites sandwiched between two linear chains
of M2 sites, and alternate with SiO4 tetrahedral layers along
asinb (Cameron and Papike 1980). The linear chains of dis-
torted M2 polyhedra are completely occupied by diamagnetic
Ca2+ ions. Paramagnetic Fe2+ ions are located in the zigzag
chains of more regular M1 octahedra, which are diluted by about
22% and 40% diamagnetic ions (mostly Mg2+), in the two
samples studied. In addition, a small amount of Fe3+ at the oc-
tahedral sites was observed (see Part I of these studies).

In the second part of this series of three papers on Ca-rich
clinopyroxenes, the magnetic features of the hedenbergite
samples HED1 and HED2 (see Part I) as reflected in their
Mössbauer spectra (MS) recorded at T < 30 K and the interpre-
tations of these MS are presented. A number of studies on the
magnetic properties of hedenbergite have been reported in the
past decades (e.g., Baum et al. 1997; Coey and Ghose 1985;
Ghose et al. 1988; Hafner et al. 1999; Regnard and Boujida
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1988; Tennant et al. 2000; Wiedenmann and Regnard 1986). It
has been suggested that a ferromagnetic coupling exists be-
tween the Fe species within a particular M1 chain, and that the
long-range magnetic ordering between neighboring M1 chains
is antiferromagnetic. The positive paramagnetic Curie tempera-
ture shows that the ferromagnetic intra-chain interaction, which
occurs via Fe-O-Fe superexchange, is stronger than the anti-
ferromagnetic inter-chain interaction, the latter occurring via
intervening SiO4 groups (Baum et al. 1997; Coey and Ghose
1985; Regnard and Boujida 1988). Hafner et al. (1999) sug-
gested that for strongly diluted samples (~40% Mg), the inter-
chain, antiferromagnetic coupling might vanish.

On the basis of a literature review, some controversy exists
concerning the Fe2+ spin direction. According to Ghose et al.
(1988), the C2/c space group allows for two different orienta-
tions of the spins, i.e., perpendicular or parallel to the b axis,
which is the only (twofold) symmetry axis of the M1 site. On
the basis of neutron diffraction analyses, Wiedenmann and
Regnard (1986) concluded that the magnetic moments are ly-
ing in the a/c plane (i.e., perpendicular to the b axis), making
an angle of 45∞ with the a axis. More recently, Baum et al.
(1997) suggested from their magnetic susceptibility measure-
ments on a natural single crystal, that the spins lie in the a/c
plane, while Hafner et al. (1999) reported that the Fe2+ spin direc-
tion is in the ab plane, on the basis of magnetic susceptibility mea-
surements.

ABSTRACT

The magnetic properties of two natural magnesian hedenbergite samples with slightly different
Fe contents (hereafter denoted HED1 and HED2) were studied by transmission 57Fe Mössbauer
spectroscopy within the temperature range 4.2–35 K and in a longitudinal, external field of 60 kOe
at 4.2 K. The magnetic zero-field Mössbauer spectra (MS) were adequately refined using a superpo-
sition of two model-independent hyperfine-field distributions, one for the dominant Fe2+ component
and one for the weak Fe3+ contribution, the positions of the eight absorptions and their intensities for
each composing elemental subspectrum being determined by diagonalization of the hyperfine-inter-
action Hamiltonian. The maximum-probability saturation hyperfine fields for Fe2+ were found to be
180 kOe and 185 kOe for HED1 and HED2, respectively, while a value of ~545 kOe was obtained
for Fe3+. For both hedenbergite samples, the Fe2+ asymmetry parameter h of the electric field gradi-
ent (EFG) is quite high, namely 0.7–0.8 regardless of temperature. The orientation of the ferrous
magnetic hyperfine field in the EFG principal-axes frame is ~(85∞, 38∞) and is not affected by the
temperature of the absorber. The applied-field Mössbauer spectra show that the applied field does
not disrupt the magnetic structure, and consequently that magnetic anisotropy is quite strong. The
spectra were satisfactorily described by a two-parameter distribution model, taking into account
distributions for the magnitude and the orientation of the hyperfine field with respect to the external
field. The obtained hyperfine parameters are in excellent agreement with the results from the zero-
field spectra. The temperature dependence of the hyperfine field seems to indicate that the magnetic
structure in hedenbergite can be approximated by a two-dimensional rectangular Ising model and
that the inter-chain and intra-chain magnetic exchange interactions are of similar magnitude.


