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Carmichael’s Concise Review
Did Life Begin Soon After the Earth

Formed?

Stephen W. Carmichael
Mayo Clinic, Rochester, MN 55905

carmichael.stephen@mayo.edu

There are no confirmed microfossils older than 3,500 million years (Myr) on Earth.
Recently Mathew Dodd, Dominic Papineau, Tor Grenne, John Slack, Martin Rittner, Franco
Pirajno, Jonathan O’Neil, and Crispin Little may have identified evidence of microbial life
on Earth from at least 3,770 Myr ago or perhaps as long ago as 4,280 Myr [1]. This would be
relatively near the accepted time that the Earth was formed about 4,567 Myr ago!

Microfossils that have biosignatures are considered evidence of early life. These
take the form of tubes, knobs, filaments, and/or branching filaments that are likely
biogenic. They are similar to younger microfossils in the same kinds of jasper rocks
as well as to modern iron-oxidizing bacteria, and they are not the product of any
known non-biologic chemical reactions. Dodd et al. pointed out that modern forms
of these are known to form at hydrothermal vents on the ocean floor, and therefore
life may have begun in a similar environment. A candidate location is a region in
northern Québec, Canada, known as the Nuvvuagittuq Supracrustal Belt (NSB) that
represents a fragment of the Earth’s primitive ocean floor with pillows of lava and
where the metamorphosed remains of hydrothermal vents may be preserved as highly
localized iron-rich carbonate rocks. Samples from the NSB were examined by light
microscopy (transmitted and reflected) as well as scanning electron microscopy (SEM)
in back-scattered electron and secondary electron imaging modes. Other microscopy
methods were correlated to analyze mineral targets including laser scanning confocal
micro-Raman spectroscopy, electron probe micro-analysis, focused ion beam milling,
and laser ablation inductively-coupled plasma mass spectrometry.

To assess the biogenicity of the NSB putative microfossils, Dodd et al. considered
if the microscopic structures they found could have possibly been formed by abiogenic
mechanisms. Considering their structures as twisted iron-containing filaments with
microscopic dimensions, identical to younger microfossils and modern bacteria, and their

Figure 1: Haematite (containing ferric oxide) tubes from the NSB hydrothermal vent deposits. Photo credit:
Matthew Dodd.
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Carmichael’s Concise Review

attachment to tubes (Figure 1) and terminal knobs, they concluded
that their observations could not be explained by any known
single or combined abiogenic pathway. Many filaments and tubes
were also found inside concretions of jasper, similar to younger
fossils of marine animals found in limestone. Of particular note
is the presence of carbonate rosettes, 50 to 200 um in diameter,
which typically contained microscopic inclusions of carbonaceous
material and apatite. Similar modern rosettes with concentrically
layered minerals are attributed to mineralized bacteria, although
those structures are most likely abiogenic but require biomass
to form through chemically oscillating reactions. In fact, rosettes
and slightly larger granules from the NSB contain phosphorus (an
element vital in biology) in apatite within the carbonate rosettes,
which suggests a biologic origin. This conclusion, along with the

occurrence of microfossils nearby some structures, indicates an sge """"‘/

origin involving micro-organisms in the Nuvvuagittuq seafloor o Cecal

more than 3,700 Myr ago. A )
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