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INTRODUCTION

Under present Earth surface conditions, nanoparticles of 
biotic magnetite can be intracellularly formed in the magne-
tosomes of magnetotactic bacteria (MTB) (Blakemore 1975). 
Thus, magnetite nanoparticles found in carbonate globules of 
the ALH 84001 meteorites�recognized in 1994 as Martian 
meteorite (Mittlefehldt 1994)�have been related to possible 
extraterrestrial life (McKay et al. 1996). Mineralogical and crys-
tallographic criteria, particularly morphology of nanocrystals, 
have been used to suggest that a fraction of nanoparticles of 
magnetite found in the ALH 84001 meteorite are Martian magne-
tofossils. Six independent criteria were proposed to deÞ ne a bio-
signature (Thomas-Keprta et al. 2000). These criteria were used 
to evaluate the origin of magnetites extracted from ALH 84001 
carbonate globules. Within these criteria, chemical purity is the 
only one which cannot be considered as strictly mineralogical. 
The Þ ve others�single domain size and restricted anisotropic 
width/length ratio, crystallographic perfection, magnetite chains, 
unusual crystal morphology, and crystallographic direction of 

elongation of magnetite crystals�can be called mineralogical 
criteria because they are related either to the size, habit, or crys-
tallographic properties of the crystals. Extensive characterization 
of ALH 84001 magnetite nanoparticles and magnetite crystals 
from MTB have been done (Clemett et al. 2002; Friedmann et al. 
2001; Gibson Jr. et al. 2001; Taylor et al. 2001; Thomas-Keprta 
et al. 2001) to prove the biotic origin of the magnetite crystals 
found in the meteorite. Devouard et al. (1998) had previously 
characterized magnetite crystals from MTB and from a simple 
inorganic process. A group of other authors also studied mag-
netite formation by MTB or by other processes and magnetite 
crystals in ALH 84001 (Barber and Scott 2002; Bradley et al. 
1996, 1997; Brearley 2003; Buseck et al. 2001; Golden et al. 
2001; Kopp and Humayun 2003; McSween and Harvey 1998; 
Saxton et al. 1998; Treiman et al. 2002; Treiman and Romanek 
1998). The conclusions arrived at by these latter studies differ 
radically from previous ones. The Þ rst group (Clemett et al. 
2002; Friedmann et al. 2001; Gibson Jr. et al. 2001; Taylor et al. 
2001; Thomas-Keprta et al. 2000, 2001) suggest that given the 
complexity of the ALH 84001 meteorite, the simplest mechanism 
that could explain the formation of a fraction of their magnetite 
nanoparticles sample should be the MTB biomineralization 
whereas the second group (Barber and Scott 2002; Bradley et 
al. 1996, 1997; Brearley 2003; Buseck et al. 2001; Devouard et 
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ABSTRACT

A series of controlled abiotic syntheses of magnetite nanocrystals were carried out to explore 
the possibility of using morphological criteria, crystal size distributions, and shape ratio as tools for 
identifying nanocrystals that would be speciÞ cally produced by magnetotactic bacteria. High-quality 
magnetite crystals synthesized with various controlled total iron concentrations were shown to have 
cubo-octahedral shapes and sizes varying from 4 to 24 nm. The mean particle size of the population 
was found to be 10.5 ± 0.7 nm and no signiÞ cant effect of the total iron concentration on the particle 
size was observed. Systematical analyses of size and morphology also allowed for the determination 
of crystal size and shape ratio distributions. Crystal sizes were observed to follow log-normal distribu-
tions. Shape factors are bounded by one, with maxima between 0.80 to 1.00. Their distributions are 
asymmetric, with a cut off toward the high values. Crystal morphologies and shape factors appear 
not to be a powerful diagnostic tool for the differentiation of abiotic vs. biotic particles. However, 
crystal size distributions of abiotic crystals are signiÞ cantly different from those of biotic populations. 
Indeed, opposite asymmetry of the size distributions from biogenic and non biogenic crystals was 
observed, with cut off toward larger sizes for biogenic nanocrystals and with cut off toward smaller 
sizes for abiogenic nanocrystals. This therefore constitutes a potential diagnostic tool for deciphering 
magnetite origin.


