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Anisotropic peak broadening analysis of a biogenic soil greigite (Fe3S4) with Rietveld
analysis and single peak fitting
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ABSTRACT
A new approach for modeling anisotropic peak broadening with Rietveld analysis has been tested
on a biologically grown soil greigite, whose morphology (as determined by TEM, Stanjek et al.
1994) had a symmetry lower than cubic. The anisotropic morphology of this greigite determined
with single peak fitting was more evident than with the Rietveld analysis in the cubic setting, because in Rietveld analysis {hhh} reflections are treated as one reflection, although two different
peak breadths are required: one for modeling two (hhh) reflections perpendicular to the [111] axis of
elongation and one for modeling the remaining six (hhh) reflections. For assessing the lower morphological symmetry, the cubic structure was transformed into the tetragonal and into the trigonal
system. In both crystal systems, the axis of shape anisotropy is [001]. Due to splitting of peaks, the
anisotropic morphology became then measurable. Contributions from other likely sources of anisotropic peak broadening, such as stacking faults and chemical inhomogeneities could be ruled out.
The cell-edge length a = 9.868(4) Å agrees with previous values (Stanjek and Murad 1994). The
isotropic temperature factors of B (Fe8a) = 1.16(6) Å2, B (Fe16d) = 1.7(2) Å2 and B (S32e) = 1.10(8) Å2
are much smaller than the overall factor B = 3.2(4) Å2 determined by Skinner et al. (1964), whereas
the anion positional parameter u = 0.2535(3) is identical with 0.2505(38).

INTRODUCTION
Bacteria mediate biomineralization in two modes: biologically induced mineralization (BIM) and biologically controlled
mineralization (BCM) (Lowenstam 1981). BIM usually yields
a broad particle size distribution because of extracellular formation, whereas BCM gives a narrow distribution with particles
showing a distinct morphology because of membrane-controlled
crystal growth. The BCM type of growth mechanism seems to
be unique to biogenic particles, as bacteria are able to control
the growth velocity of faces individually, although they might
be crystallographically equivalent (see Bazylinski and
Moskowitz 1997 for a review). The individual control of equivalent faces distinguishes BCM crystals from distorted crystals,
which get their anisotropic shape from asymmetric growth conditions, e.g., unidirectional flux of solute. Shape anisotropy may
influence physical properties in a pronounced way. For example,
the magnetic coercivity of prolate particles with a uniform
magnetization along their longer axis is increased due to a
smaller demagnetizing field (Dunlop and Özdemir 1997, page
89).
TEM observations showed that isometric crystals of bacterial greigite (Fe2+Fe3+
2 S4) exhibit {111} as a dominant form accompanied by {100} or were elongated along [100] with {100}
as the dominant form and {111} being much smaller (Heywood
et al. 1991; Posfai et al. 1998). For dense greigite aggregates
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derived from a soil the axis of shape anisotropy [111], which
was tentatively determined for only a few magnetosomes by
TEM (Stanjek et al. 1994), is consistent with X-ray diffraction
results, which show sharper hhh vs. other reflections (Stanjek
and Murad 1994). The latter authors did not take into account,
however, that in case of an elongation along [111] the hhh peaks
are actually composed of two reflection sets. To the first set
–– –
belong 111 and 111 with a peak breadth different from the second set of six reflections, which have larger peak breadths. The
determined particle size and shape ratio was therefore only
approximate and may account for the discrepancy between their
X-ray particle size lying in the superparamagnetic region (Diaz
Ricci and Kirschvink 1992) and single domain behavior in
Mössbauer spectroscopy and rock magnetic measurements
(Fassbinder and Stanjek 1994). Other possible sources of anisotropic peak broadening, such as stacking faults (Posfai et al.
1998), trigonal distortion of the spinel structure (Morice et al.
1969), or a reduction in symmetry due to chemical inhomogeneities also were not addressed. The aim of this study was to
test the applicability of Rietveld analysis and single peak analysis for the determination of shape anisotropy and to reappraise
structural parameters from Skinner et al. (1964).

MATERIALS AND METHODS
The greigite comes from a Gor horizon of a gley located
south of the Hesselberg (see Stanjek et al. 1994 for a full site
description). The greigite content in the soil horizon was ~0.02
g/g and was enriched from a freshly taken sample by a mag-

