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 Introduction:  Though relevant geological data are 
scanty, during Earth’s first 600 years million years – 
the Hadean (4.6-4.0 Ga), the planet’s so-called “hell-
ish” formative stage – the planet is thought to have 
evolved from having an initial short-lived surficial 
magma ocean (produced by the frictional energy of 
accreting planetesimals and resulting core formation) 
to the mafic-sialic separation that resulted in develop-
ment of the mantle and overriding sialic, presumably 
scattered islands. The Sun also evolved, like all young 
Main Sequence Stars, gradually becoming more lumi-
nous and emitting a gradually less intense UV-flux. 
And Earth’s atmosphere and surface temperature 
evolved as well as the initially high atmospheric CO2-
content (cf. present-day Venus) declined, with data 
from early-formed zircons indicating by 4.3 Ga surface 
temperature had decreased sufficiently to permit ac-
cumulation of liquid water [1, 2]. 
 Over time, the attainment of a liquid water ocean 
set the stage for the emergence of life, a watery milieu 
being paramount for the protection of the ephemeral 
products of prebiotic organic syntheses from the still-
high destructive UV flux. It matters little whether these 
abiotics were produced in the atmosphere by Miller-
Urey syntheses, at submarine fumaroles by Fischer-
Tropsch-type reactions, or elsewhere by some other 
mechanism. In all cases the products were small, la-
bile, water-soluble organics that the overlying waters 
protected from UV-induced photodissociation. 
 When, then, did life emerge? The current, if unsat-
isfying answer: No one knows. There are of course 
“hints” of life in the Hadean and immediately follow-
ing 4.0-3.6 Ga Eoarchean, among the best known be-
ing the “biologic-like” 13C-depleted carbonaceous in-
clusions in redeposited ancient zircons as old as 4.1 Ga 
[3]; microscopic mineralic tubes in >3.77 Ga Eoar-
chean volcanics of northeastern Canada [4] – possibly 
biologic but perhaps more likely gas evasion channels; 
and the occurrence of “stromatolite-like” rock layers in 
evidently a single specimen at a single locality of a 
~3.7 Ga deposit of Greenland [5] – the claimed bio-
genicity of which has been subject to debate [6]. Un-
fortunately, none of these hints is fully convincing – 
the examples are too few, the evidence too conten-
tious, and none is backed by the co-occurrence of cel-
lular, carbonaceous, microscopic fossils. 

 What, then, is firmly known about life’s earliest 
history? The convincing answer comes, as it must, 
from the preserved paleobiologic record of Earth’s 
earliest fossils. But we here reach a conundrum. The 
fossil record can be known only from rocks that have 
survived to the present and – because of the geological 
cycle of deposition, erosion, and recycling of once-
formed rocks to ever-younger geological units – 
Earth’s earliest geology has been wiped from history, 
the more-or-less continuous rock record dating only 
back to about 3.5 billion years ago near the onset of 
the Paleoarchean (3.6-3.2 Ga). 
 Fossil Evidence of the Immediate Aftermath of 
the Beginning Billion:  Fortunately, however, the 
preserved fossil record reveals early stages in the his-
tory of life – not the beginnings of life, which because 
of the fragility of the formative molecular components 
can now and perhaps forever only be modeled in labo-
ratory experiments but, instead, life’s status at the be-
ginning of the continuous rock record – in essence, 
evidence of the immediate aftermath of the Beginning 
Billion. Although as early as 1983 carbon isotopic data 
from bulk (kg-sized) rock samples traced the record of 
photosynthesis to ~3.5 Ga [7] and diverse stromatolites 
(microbially produced distinctively laminated 
megascopic structures) are now well-known from 
similarly aged deposits [8, 9], the present discussion 
focuses on two ancient rock units from Earth’s earliest 
preserved geological record, ~3.43 and ~3.465 Ga in 
age, that contain cellular microscopic fossils for which 
the biological affinities and physiology can be dis-
cerned. Taken together, these and comparably ancient 
fossiliferous units reveal the nature of Earth’s early 
habitable environment and the evolutionary status of 
early life. 
 ~3.43 Ga Strelley Pool microbial consortium.  
Both of the featured units are from the Pilbara Craton 
of northwestern Western Australia. The younger of the 
preserved microbial assemblages, that of the ~3.43 Ga 
Strelley Pool Formation at the “Anchor Ridge” locality 
[10], is a shallow-water evidently mudflat-inhabiting 
biota fossilized in a sulfate-depositing evaporitic set-
ting and composed of intimately intermeshed flat-lying 
anaerobic anoxygenic photosynthetic bacteria and 
similarly anaerobic globular assemblages of sulfur-
cycling microbes (sulfuretums). Together these mi-
crobes constitute a mutualistic microbial consortium – 
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a “consortium” because of the interactive close coop-
eration of the two distinctly differing biotic lineages 
and “mutualistic” because of the shared beneficial re-
sults of their symbiosis, the light-dependent photosyn-
thesizers using the H2S produced by the sulfuretums to 
power production of their life-sustaining photosyn-
thetic products and the H2S-producers benefiting from 
the removal of this potentially lethal effluent from their 
immediate environs. Thus, the photosynthesizers re-
quired the sulfur-cyclers for sustenance and the H2S-
producers were dependent on the removal of this nox-
ious gas to maintain viability.  
 Perhaps even more importantly, this consortium, 
one of only three such interactive multi-component 
microbial assemblages yet documented in the geologi-
cal record (a rather surprising finding given the >90% 
prevalence of similar consortia in the modern biota) 
evidences both the nature of Earth’s early habitable 
environment and the genomic evolution that had al-
ready resulted in life’s capability to not only survive 
but thrive in an environment that by current standards 
could only be regarded as exceptionally hostile. The 
occurrence of this ancient anaerobic microbial consor-
tium in a shallow-water, evaporitic, mudflat-like sur-
face-exposed environment evidences that Earth’s over-
lying Eoarchean atmosphere was anoxic – essentially 
devoid of oxygen and markedly unlike Earth’s later 
surficial environment – and that the numerous intracel-
lular mechanisms required for repair of UV-induced 
damage to intracellular components and adaptation to 
this harsh environment had already evolved [10]. For 
geologists, geochemists, “origin-of-lifers” and all oth-
ers concerned about the nature of the life-generating 
early environment, for the first time this consortium 
documents the long-held assumption that Earth’s early 
atmosphere was in fact essentially devoid of oxygen. 
 ~3.465 Ga Apex chert oldest known diverse micro-
biota.  The other unit here considered, the slightly 
older ~3.465 Ga Apex chert, is arguably even more 
significant, hosting the oldest diverse multi-component 
microbial assemblage now known in the geological 
record. First reported in 1993 [11], study of the Apex 
assemblage continued to 2018 [12], a recently summa-
rized [13] decades-long series of investigations. The 
cascade of evidence there summarized establishes that 
the fossils are indigenous to and syngenetic with the 
microcrystalline chert in which they occur; that like 
members of modern and other fossil microbiotas they 
are abundant and diverse, including hundreds of 
specimens and some 11 defined species; and that the 
putative fossils are not organic-coated opaque minerals 
or some other non-biologic artifact but, instead, are 
demonstrably composed of biologic organics and are 
cylindrical, carbonaceous, cellular and morphologi-

cally comparable both to living and fossil filamentous 
microbes. Moreover, the most recent such study of five 
species and 11 individual specimens of the Apex as-
semblage [12] show it to include photosynthetic bacte-
ria, methane-producers and methane-consumers, mi-
crobes like those of the sulfur-cycling ~3.43 Strelley 
Pool consortium that are obligately anaerobic and 
among the earliest branches of the rRNA Tree of Life 
[10, 12, 13].  
 Conclusion:  The evidence is firm, the conclusion 
clear: Life on Earth evolved early, far and fast! 
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