American Mineralogist, Volume 91, pages 784–789, 2006

The structure and distribution of carbon in 3.5 Ga Apex chert: Implications for the
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ABSTRACT
The oldest putative microfossils on Earth occur in the 3.5 Ga Apex chert of the Warrawoona Group,
Western Australia. We have analyzed disseminated interstitial carbon found within Apex chert using
transmission electron microscopy (TEM) and electron energy loss spectroscopy (EELS) to address
the controversy regarding its state of structural disorder. We found that the carbonaceous material
is structurally amorphous, with no evidence of graphitization, and contains aromatic domains, most
likely as polyaromatic ring structures, similar to preserved kerogen in bona Þde microfossils. In addition, amorphous carbonaceous material occurs as a grain boundary phase between quartz crystals
and within ßuid inclusions in quartz crystals, indicating that hydrocarbons moved through the chert
during crystallization and hydrothermal alteration. The results suggest that the carbonaceous material
is similar in structure to microfossil kerogen, implying the microbe-like features within Apex chert are
also microfossils. However, this kerogen-like material may also be produced abiotically via FischerTropsch-type (FTT) synthesis reactions in an ancient hydrothermal vent.
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INTRODUCTION
If the carbonaceous, microbe-like features preserved within a
single chert unit of the 3.5 Ga Apex Basalt are biogenic, then they
represent some of the earliest known life on this planet (Schopf
and Packer 1987), along with microfossil Þlaments reported in
the 3.5 Ga Dresser Formation (Ueno et al. 2001) and slightly
younger microfossil Þlaments and coccoids from the 3.3–3.5
Ga Onverwacht Group, South Africa (Walsh 1992; Westall et
al. 2001). Until recently, these microbe-like features have been
generally accepted as strong evidence for 3.5 Ga life on Earth.
The biogenicity of the Apex chert features have been called into
question on several points, including the origin of the chert and
the structural order of the preserved carbon (Brasier et al. 2002,
2005). The Apex chert was originally interpreted as a bedded
chert that was once a siliceous grainstone conglomerate (Schopf
1992). After detailed Þeldwork, Brasier et al. (2002, 2005) have
reinterpreted the Apex chert as a brecciated hydrothermal chert
related to granitoid intrusions. The carbonaceous material within
the chert comprising these microbe-like features was originally
described as kerogen (Schopf 1992, 1993), a term used here to denote preserved sedimentary biogenic carbon rather than the more
general meaning of insoluble carbonaceous material. Brasier et
al. (2002) proposed that an as-yet-unidentiÞed organic FischerTropsch-type (FTT) synthesis reaction could have produced the
carbon in the microbe-like features abiotically.
Independent analyses of the carbon associated with these
features using laser-Raman spectroscopy have yielded similar
spectra, yet interpretations of these data range from “graphitic
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kerogen” (Schopf et al. 2002) to “amorphous graphite” (Brasier
et al. 2002). Brasier et al. (2002) also reported that disseminated
carbonaceous material in the chert matrix has the same Raman
spectrum as that of the proposed microfossils. Although Raman
spectroscopy is a well-established technique for determining the
ordering of partially graphitized carbonaceous material, several
biogenic and abiotic poorly ordered carbonaceous materials have
Raman spectra similar to that of the Apex features (Pasteris and
Wopenka 2002, 2003). Thus, the degree of graphitization or the
amount of graphite present in Apex carbonaceous material is
still unclear.
Transmission electron microscopy (TEM) and associated
techniques are powerful tools for the study of structural order
and bonding in kerogens and other carbon phases (Buseck et
al. 1988). Electron energy loss spectroscopy (EELS) provides
information about the electronic structure of elements in the
sample (i.e., carbon) and is very sensitive to the bonding differences between disordered forms of carbon. Whereas Raman
spectroscopy probes the vibrational frequencies of chemical
bonds, EELS measures the energy of those bonds. High-resolution TEM images of kerogenous microfossils preserved in cherts
from the Gunßint Formation, Canada (Schreiber Beach and Mink
Mountain localities), have shown that the kerogen is distributed
along subhedral to euhedral quartz grain boundaries as a separate
phase (Moreau and Sharp 2004; De Gregorio and Sharp 2002).
EELS spectra of this grain-boundary kerogen show a carbon
K-edge that is similar to that of amorphous carbon (Moreau and
Sharp 2004). In this study, we have used TEM imaging, diffraction, and EELS to characterize the distribution, structure, and
bonding of carbonaceous material in samples of Apex chert to
constrain its possible origins.

