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Abstract

despite these magnetites being 4.56 Gyr old.

Framboidal magnetites are discovered in the
Murchison CM2 meteorite for the first time. We
discuss them as a biomarker. Their bacterial colonylike uniform-size and irregular structures indicate
that they are involved in biotic process that date to
the beginning of the solar system.

This paper presents the first discovery of framboidal
magnetites in the Murchison CM2 meteorite by using
SEM-EDX.

2. Figures

1. Introduction
The Murchison CM2 meteorite is a carbonaceous
chondrite (CC) that fell in Australia in 1969. The
CCs are organic–rich fragments probably from
comets, as distinct from stony meteorites which are
related to asteroids and have remained relatively
unaltered since their formation 4.6 Gyr ago. The
primitive materials from our early solar system give
particular interest to studies of CCs through the
decades.
Analysis via scanning electron microscopy and
energy dispersive X-ray spectrometry (SEM-EDX)
show inclusions of pyrite (FeS2) and magnetite
(Fe3O4) grains in many CCs. In CI meteorites (Alais,
Ivuna, Orgueil and Tagish Lake), some magnetite
grains are exhibited in a spectacular framboidal form,
named after the raspberry-like morphology [1].

Figure 1: A single ~3μm magnetite framboid. The
magnetite grains have uniform size of ~0.5μm with
irregular grain structures and are packed in a
bacterial-like colony, a typical morphology of
framboids.

Framboids found in the terrestrial rocks and
sediments have been intensively studied, with focus
on biotic or abiotic nucleation. In a case of pyrite,
there are reports of discovery of framboids in
microbial biofilms [2,3] and in cavities and cell
lumen of degraded leaves [4]. On the other hand,
framboidal pyrites were found to form abiotically in
a supersaturated solution at high temperature (60oC)
[5]. However, pyrite has higher solubility than
magnetite, so possible formation of magnetite
framboids in hot, magnetite-rich sediments is
unknown.
Mukhopadhyay et al. [6] discovered that magnetite
framboids in the Orgueil CI meteorite are associated
with biodegraded (kerogen) material. Hoover [1]
added that there are no known abiotic production
mechanisms, which suggests it’s a secure biomarker,

Figure 2: Two ~4μm framboidal magnetites with some
loosely packed grains. A framboid on the left is half
covered with some thin film. The sphere above has
Fe3O4 elemental abundance, suggesting it is a third
framboid that is fully covered with thicker film.

3. Discussion
The Murchison CM2 meteorite has been intensively
studied in the past and there is growing evidence of
biomarkers for which there is no alternative abiotic
production mechanism. These include protein amino
acids with significant enantiomeric excess [7],
nucleobases [8] and morphological biomarkers with
size, size range and recognizable features diagnostic
of known orders of Cyanobacteriaceae and other
prokaryotic microfossils [9].
The discovery of spectacular framboidal magnetite
with extremely well preserved uniform-sized grains
with irregularities in structure in the Murchison
meteorite (Fig. 1 and 2) adds to this list of
biomarkers. Abiotic nucleation of framboids is
distinguished by the uniform angular shape of
individual grains [5]; however, the magnetite
framboids discovered in the Murchison do not have
this characteristic. In view of framboidal formation
from biodegraded material [2-4, 6, 10], we suggest
the magnetite framboids in Murchison indicate a
biological origin.
Nanocrystals of magnetite are formed by
microorganisms such as magnetotactive bacteria [11].
The magnetite grains in the Martian meteorite
ALH84001 are said to resemble magnetofossils
formed by those bacteria. Also magnetite
nanocrystals are known to be produced via
biologically-induced mineralization by dissimilatory
iron-reducing bacteria [12]. Since there are no known
abiotic production mechanisms of magnetite
framboids in the Murchison, its nucleation could
have started with those activities of microorganisms.

4. Conclusion
Magnetite framboids have been discovered in the
Murchison CM2 meteorite for the first time, with
uniform-sized grains and irregularities in structure.
This biomarker is further evidence of primitive life in
the early solar system, possibly within the first
comets which underwent internal radiogenic melting
a Myr or so after formation 4.56 Gyr ago.
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