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Possible early Archaean biosphere interpreted from ca. 3.8 Ga Isua rocks, West Greenland
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Abstract

The suggestion that graphite in early Archaean rocks is biogenic origin had met with a degree of
scepticism. Reduced carbon stable isotope values of graphite in >3.7-billion-year-old sedimentary rocks, Isua
Supracrustal Belt (ISB), West Greenland, suggest that vast ecosystems of microorganisms were spread in
early Archaean oceans. However, more recent studies suggest that most of graphite-bearing rocks were
formed through interactions between crustal fluids and surrounding igneous rocks during later metasomatic
events, thereby evoking scepticism on the compelling existence of an extensive sedimentary sequence in the
ISB and on the biogenic origin of constituents. *C-depleted graphite globules, which are considered to be
formed from biogenic precursors, have been reported from the well-preserved metamorphosed clastic
sedimentary rocks in the ISB, however, these were found at a single locality. It therefore remains unknown
whether the remnants of life at other localities in the ISB were lost during metamorphism or were originally
absent. The additional discovery of clastic sedimentary rocks containing graphite may provide evidence for
the preservation of organic constituents in the ISB, thus supporting the suggestion that microbes were
flourished in early Archaean oceans.

We performed a geological survey along the northwestern area of the ISB. Banded iron formations
(BIFs) contain interbedded black to grey schist layers, typically 40—80 c¢m thick. Rare earth element patterns
in the schist samples lie between that in Post Archacan Australian Shale and surrounding BIFs, suggesting
that the protoliths of the schist was a mixture of clastic marine sediments and BIFs. The schist samples
contain abundant graphite carbon (0.1-8.8 Wt% Cgaphite) Which indicates —23.8 to —12.5%o (average, —17.9%o)
of 613Cgmphite values, ranging within values reported in previous studies. Graphite in the secondary vein
sample indicates ~ —12%o of the 613Cgraphite value. Theoretical 8"°C values of fluid-precipitated graphites

indicate that the possible lowest 8"°C values exceed —16.4%. when Rayleigh-type isotope fractionation
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operates in the fluids, suggesting *C-depleted biogenic organic matter is postulated as an initial carbon
source to explain the lightest carbon isotope compositions (e.g., —23.8%o) in this study. Scanning
transmission electron microscope (STEM) and high-resolution electron microscope (HRTEM) observations
showed that examined metasediment included graphitic polygonal grains and nanotubes, whereas the
secondary vein sample included sheeted flake-like graphite grains and showed the absence of polygonal
grains and nanotubes. These observations suggest that graphite in the examined metasediment has a different
origin from the secondarily derived graphite. Distorted structures observed by STEM and HRTEM are
common in pyrolysed and pressurized organic compounds, containing non-planar carbon ring compounds
associated with abundant pores. Therefore, we concluded that biogenic organic matter is suggested as the
precursors of the graphite in metasediment. High concentrations of *C-depleted graphite in these rocks
would require widespread planktonic microbial activity to support the high rate of production and

sedimentary delivery of organic matter to the >3.7-billion-year-old ocean floor.
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