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INTRODUCTION

A subpopulation of magnetite crystals from the Martian
meteorite ALH84001 has been interpreted as the product of
relic biological activity based on their chemical and physical
similarities to terrestrial magnetite produced by magnetotactic
bacteria strain MV-1 (Thomas-Keprta et al. 2000, 2001). Of
these similarities, one in particular has been the subject of con-
siderable debate: the crystal morphology of MV-1 magnetite.
Thomas-Keprta et al. (2001) have proposed that MV-1 magne-
tite displays an unusual crystal morphology, referred to as trun-
cated hexa-octahedral, based on multi-tilt transmission electron
microscope (TEM) imaging of individual magnetite crystals
along multiple crystallographic axes. This geometry is not dis-
played by any known population of inorganic magnetite, nor
would it be expected, based on the following two observations:
(1) the point group symmetry of the magnetite unit cell is cu-
bic of the point group type 

mm

24 3 , whereas the point group sym-
metry for a truncated hexa-octahedron is trigonal of the type

m

23 ; and, (2) the free energy minimized crystal geometry (i.e.,
Wulff polyhedron) of nanometer-sized magnetite is cubo-octa-
hedral. Consequently, single-domain magnetite with a truncated
hexa-octahedral geometry would seem to be the provenance of
biogenic activity; as such, it would constitute a biosignature.
Buseck et al. (2001) have argued that the approach of Thomas-
Keprta et al. was insufficient to constrain crystal morphology
and, additionally, that MV-1 magnetite does not display trun-
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ABSTRACT

Intracellular magnetite (Fe3O4) crystals produced by magnetotactic bacteria strain MV-1 are in
the single-domain size range, and are chemically pure. We have previously suggested that they
exhibit an unusual crystal habit described as truncated hexa-octahedral. Such a crystal morphology
has not been demonstrated for any inorganic population of magnetite, nor would it be expected,
given considerations of symmetry and free energy. By inference, this morphology is a physical
signature of a biological origin. Here we report data from transmission electron microscope (TEM)
tomography of such crystals isolated from magnetotactic bacteria, which confirm the unusual geom-
etry, originally proposed from classical TEM tilt imaging.

cated hexa-octahedral geometry (P. Buseck, personal commu-
nication). They suggest, although they have not demonstrated,
that only electron tomographic methods would be capable of
determining the crystal morphology of MV-1 magnetite.

Here we report the crystal morphology exhibited by the
majority of strain MV-1 magnetites as determined by TEM to-
mography. We are able to confirm the truncated hexa-octahe-
dral model proposed by Thomas-Keprta et al. (2001).

CLASSICAL TEM ANALYSES OF MV-1 MAGNETITE

Magnetite is an Fe-suboxide (Fe3O4) that adopts the inverse
spinel crystal structure and exhibits cubic symmetry. Magne-
tite nanocrystals have morphologies that represent a combina-
tion of cubic {100}, octahedral {111}, and dodecahedral {110}
crystallographic faces. Based on simple surface free energy
minimization arguments (Pimpinelli and Villain 1998), the equi-
librium morphology of magnetite is expected to be a cubo-oc-
tahedron, and indeed, this is the most common form in which
nanocrystalline magnetite is observed (Ichinose et al. 1992).

Thomas-Keprta et al. (2001) interpreted the morphology of
MV-1 based on classical TEM imaging. This procedure involves
imaging a single crystal with HRTEM over a wide angular range
of tilt angles (±45∞) with the caveat that this rotation must in-
tersect two or more crystallographic zone axes. No a priori
assumptions about the crystal morphology are necessary other
than that of convexivity (invariably true for nanocrystals based
on surface free energy minimization arguments). For each TEM
image in the rotation sequence, the two-dimensional (2-D) pro-
jection of the crystal can be described by the intersection of a


