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Introduction:  The question of the origin of life 
is one of the most debated scientific questions to date. 
The search for evidence for life and its former traces 
on Earth, and possibly on Mars, is hindered by the 
difficulty to assess both the syngeneity and the bio-
genicity of the organic matter preserved in ancient 
rocks. So, the discovery of microstructures, similar to 
fossils of photosynthetic filamentous cyanobacteria, in 
a 3.465-billion-year-old chert from the Warrawoona 
group created a considerable interest for this deposit 
[1]. The occurrence of carbonaceous material associ-
ated with these structures revealed by laser Raman 
microprobe spectroscopy was put forward as an addi-
tional evidence for a biogenic origin of the aforemen-
tioned microstructures [2]. The latter were considered 
as the oldest microfossils on Earth. However, their 
biogenicity has been recently debated since it was 
shown that similar structures, in terms of morphology 
and Raman signature, can be formed through abiotic 
reactions to such a point that these microstructures 
were even considered as secondary artefacts, formed 
under hydrothermal conditions, in which inorganic 
carbon would have condensed [3, 4, 5]. Moreover, 
even if the biogenicity can be proved, numerous ex-
amples show that subsurface biological activity and 
circulating water could also have contributed to bio-
molecular contamination of archean host rocks [6]. 
Taken together, these results point to the necessity of 
identifying fingerprints of the syngeneity and reliable 
biomarkers for this ancient organic matter. To this end, 
we have undertaken a multidisciplinary study of the 
organic matter from a chert of the Warrawoona Group 
: at first, we studied the Electron Paramagnetic Reso-
nance signal of the organic radicals trapped in the bulk 
rock to prove the syngeneity of the organic matter and 
secondly, we analysed the macromolecular insoluble 
organic matter (IOM) using a combination of analyti-
cal tools, including solid state 13C Nuclear Magnetic 
Resonance and pyrolysis-GCMS to test the suitability 
of these methods for the research of life. 

 
Sample:  The sample, from the PPRG collection, 

was collected in the “lower chert” of the Towers For-
mation in the Apex basalt of the Warrawoona Group. 
It only contains about 150 ppm of IOM whose isotopic 

compositions in carbon and nitrogen are respectively 
δ13C = -32.7‰ and δ 15N = -4.4‰, which is consistent 
with a Precambrian origin. Moreover, isotope compo-
sition of oxygen in SiO2 with a δ18O of 15.3 ‰ indi-
cates that the sample did not undergo a higher tem-
perature than 120 °C, hence a rather good preservation 
of the organic matter.  

 
Results:  In a preliminary study [7], the organic 

matter was analysed in situ by Electron Paramagnetic 
Resonance (EPR). This technique allows the charac-
terization of free radicals. The ageing of an organic 
matter creates radicals whose concentration and distri-
bution evolve with the maturation in an irreversible 
way. Consequently, the EPR signal evolves in a same 
way and EPR parameters (namely g-factor, linewidth 
and lineshape) can be used as genuine markers of the 
evolution of the IOM in ancient cherts, providing that 
these cherts are not metamorphized. By comparing the 
EPR parameters of the Warrawoona chert with those 
of younger organic matter trapped in cherts and or-
ganic matter artificially aged by heat treatment, we 
have ascertained that the carbonaceous matter in the 
3.5-billion-year-old chert was not due to a contamina-
tion by younger organic matter but that it was unam-
bigously contemporaneous with the formation of the 
rock. 

 
Then, the insoluble organic matter was isolated 

from two pieces of the same bulk sample using the 
classical demineralization procedure via HF/HCl. This 
was carried out separately in our lab and at the Institut 
Français du Pétrole, to check that no contamination 
was introduced during isolation. The same analyses 
were performed on both fractions of kerogen and the 
same main results were obtained, which enables us to 
rule out any contamination upon IOM isolation. 

 
Solid state 13C NMR provides information on the 

environment of the carbons and allows to distinguish 
the different types of carbons in an insoluble organic 
material. It is here performed for the first time on such 
a sample. Because of the low amount of available ma-
terial, we used a cross polarization sequence with 
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magic angle spinning at 20 kHz. This sequence results 
in an enhancement of the signal thanks to magnetiza-
tion transfer from hydrogens to carbons. Conversely, 
the main drawback of this sequence is that no quantita-
tive data, i. e. relative abundance of the different types 
of carbons, can be derived from the spectrum. The first 
major result is that the spectrum of the IOM isolated 
from the Warrawoona chert (Fig. 1a) is sharply differ-
ent from the one of mature kerogens. Indeed, solid 
state 13C NMR has been widely used to investigate the 
chemical structure of kerogens and coals. Two broad 
peaks are usually observed in these samples, assigned 
to aliphatic (0-40 ppm) and aromatic (110-140 ppm) 
carbons, respectively. Upon maturation, the release of 
aliphatic chains and the aromatization of the remaining 
material result in a regular increase in the aromatic 
peak at the expense of the aliphatic one. This predomi-
nance of the aromatic signal can be illustrated by the 
spectrum of the IOM isolated from the Gunflint chert 
(1,88 billion years) recorded under the same conditions 
(Fig. 1b). The solid state 13C NMR spectrum of the 
Warrawoona chert thus differs from mature kerogens 
since it exhibits (i) a surprinsingly weak signal of un-
saturated carbons, (ii) a substantial peak due to car-
bons linked to heteroelements (O or N) through a sin-
gle bond (70-80 ppm) and (iii) a major peak due to 
aliphatic carbons (10-30 ppm). When the latter signal 
is considered, its maximum peaks at 21 ppm, contrary 
to immature kerogens, which spectrum is dominated 
by a peak at 30 ppm, characteristic chemical shift of 
long polymethylenic chains. The chemical shift of the 
aliphatic peak indicates that the IOM of the Warra-
woona chert comprises aliphatic chains that are 
branched, the branching carbon being at the vicinity of 
unsaturated carbons.  

 
These spectroscopic results are in agreement with 

data we previously obtained by Fourier transformed 
infrared spectroscopy and high resolution transmission 
electron microscopy, which also pointed to the occur-
rence of heteroelements and a lower aromaticity than 
mature kerogens. However, no information at the mo-
lecular level can be derived from these results. 

 
To this end, we performed pyrolysis / gas chroma-

tography / mass spectrometry (Py-GC-MS) on the 
IOM of the Warrawoona chert. In this technique, mac-
romolecules undergo a thermal cracking hence the 
release of building blocks. The pyrolysis products are 
then chromatographically separated and identified 
thanks to their mass spectra. The IOM of the Warra-
woona chert released a number of series of hydrocar-
bons (mainly alkenes and alkylated benzenes). These 
series extend up to C30, contrary to what is observed 

upon thermal decomposition of abiotic materials such 
as meteorites or siderite [8,9]. The occurrence of such 
long chains thus suggests a biological origin. How-
ever, no series of long chain n-alkane / n-alk-1-ene 
doublets could be detected in the pyrolysate, consis-
tently with the lack of a major 30 ppm peak in the 13C 
NMR spectrum, which suggests that there is no con-
tamination due to younger immature kerogen. All the 
present results could be derived from metabolic activ-
ity.  

 
Conclusion:  The combination of spectroscopic 

and analytical techniques applied to the IOM of the 
Warrawoona chert led to new information on the con-
troversial question of the origin of life. EPR parame-
ters ascertained the syngeneity of the archean organic 
matter. 
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Figure 1 : Solid State 13C NMR of the IOM isolated 
from (a) the Warrawoona chert and (b) the Gunflint 
chert. 
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