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Fossilised microbial mats provide some of the oldest
unambiguous evidence for life, dating to almost 3.5 Ga, and may
be readily identified in numerous chert horizons [1–3].
Constraining microbial behaviour and metabolic networks within
these widespread ecosystems is crucial for reconstructing the
earliest biogeochemical networks within their specific
palaeoenvironments.

Exceptionally preserved microbial mats from the Barberton
greenstone belt (southern Africa) exhibit abundant evidence for
microbial behaviour, including grain baffling and trapping,
plastic lamina deformation and anastomosis. Mat–sediment
interactions denote the presence of epibenthic and endobenthic
communities [2]. X-ray computed micro-tomography (X-ray
µCT) shows that some mats exhibit micro-tufted 3D complexity,
likely reflecting phototrophic growth [4]. Correlating mat fabrics
with in situ palaeodepositional aqueous geochemistry acquired
by LA ICP-MS shows that the oldest fossilised ecosystems
flourished under chemically complex conditions, at the
confluence of marine, riverine (continental) and hydrothermal
inputs [3].

Fourier transform infra-red (FTIR) microspectroscopy of
Palaeoarchaean mats shows that, despite dominantly aromatic
carbon compositions, small amounts of carbonyl/carboxyl-group
and aliphatic CH2 and CH3 moieties are preserved. Aliphatic
moieties are interpreted as residues of original cellular
components, specifically membrane lipids with relatively high
preservation potential [5]. These earliest microbial ecosystems
are characterised by CH3/CH2 intensity ratios between ~0.1 and
~1.2, consistent with origins in mixed bacterial (fatty acids) and
archaeal (isoprenoid) membrane lipids. Statistically significant
differences in spectral characteristics denote that some mats were
dominated by Bacteria or Archaea, but most by mixed consortia
[5]. Albeit at the domain level, these results present the first
systematic taxonomic classification of Archaean microbial mats.
Evidently, palaeoecology is applicable to even the oldest
ecosystems.

In summary, our coupled biogeochemical studies demonstrate
that Palaeoarchaean microbial biomes were diverse and complex
and sustained a productive surface biosphere by 3.5 Ga [cf. 6].
High-resolution correlative study of mat-bearing horizons can
constrain the metabolic landscapes of the earliest microbial
communities.
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