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The Dresser Formation from the North Pole Dome
of the Pilbara Craton (Western Australia) contains
some of the oldest evidence for life on Earth, dated to
~3.5 Ga [e.g. 1-4]. Here, we present a detailed study of
microstructures and carbon isotopic analysis of organic
matter (OM) preserved in the Dresser Formation’s
bedded cherts and hydrothermal chert veins using in
situ Secondary-lon Mass Spectrometry (SIMS). The
OM in these rocks occurs mainly as amorphous clots,
which, together with minor fine OM layers and
laminae, are considered primary textures formed prior
to the host rock lithification. Other than rare OM-rich
stylolites, no evidence was found for later OM migra-
tion beyond the micron scale. OM microstructures
were analyzed using ~15 pm spot size and standardized
against a natural OM-bearing chert standard, with spot-
to-spot heterogeneity yielding external precision (“re-
producibility”) of 2—4%.. Individual values of
3**C(OM) in all studied samples range between -24.4
and -37.8%o. No correlation is seen between measured
8"%C values and H/C ratios in the studied OM micro-
structures. This lack of correlation and the very low
metamorphic grade of the rocks studied argue against
significant modification of the OM isotopic composi-
tion by later metamorphic/hydrothermal alteration [e.g.
5]. It is thus concluded that the range of 8**C(OM)
values found in the samples represent indigenous OM
isotopic heterogeneity. Average 8**C(OM) values in
specific microstructural types range between -32.7%o
and -25.7%o (Fig. 1), and when compared with associ-
ated carbonate (ankerite) 8**C values result in C isotop-
ic fractionation [A®C(Ank—OM)] of 25-32%., which
translate to dissolved CO,~OM isotopic fractionation
[A®C(CO,~OM)] = 20-27%. This range of
ABC(CO,~OM) is compatible with the range of isotop-
ic fractionation observed in modern photoautotrophs
utilizing the Calvin cycle and chemoautotrophs utiliz-
ing the reductive acetyl-CoA pathway [6]. The possi-
bility of chemoautotrophic primary productivity is sup-
ported by the potentially hot, dark, reducing environ-
ment inferred for the Dresser hydrothermal veins,
which is similar to modern environments where such
organisms thrive. Although simple abiotic hydrocar-
bons (namely methane) may have been present in the

hydrothermal fluids, the possibility that the studied OM
was formed by abiotic precipitation/condensation of
these compounds is inconsistent with its distribution,
microstructures and range of 5"*C(OM) values reported
here. OM clots found in all of the samples studied
show a texture consistent with a polymerized residue of
degraded microbial biomass. The lowest 5°C values
found in this study are recorded within denser OM do-
mains preserved in some of the clots, which probably
represent the most pristine, less degraded form of the
original OM. The observed range of higher '3C values
may therefore represent varying degrees of hetero-
trophic degradation of the original chemoautotrophic
biomass, indicating the existence of a complex micro-
bial ecology in the upper (~20 m) part the Dresser hy-
drothermal system and nearby seafloor sediments.
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Figure 1: Relative probability diagrams of §"*C(OM)
values (%o VPDB) in one of the studied samples.
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