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The early terrestrial rock record: The early rec-

ord of life on Earth is surprising rich – but at the same 

time frustratingly limited. The limitations are related to 

the fact that there is cut-off point at about 3.5 Ga be-

yond which no well-preserved terrestrial rocks exist. 

Older rocks dating between 3.6-4.2 Ga are rare and 

highly metamorphosed owing to crustal recycling. The 

record of life in well-preserved Early Archaean (4.0-

3.2 Ga) rocks documents a well-established, diversi-

fied, and biosphere of life forms that were relatively 

evolved. Life by 3.5 Ga was far from its origins but we 

have no way of going further backwards in time to dis-

cover what the earliest life forms may have looked like, 

what their biosignatures were and where it was distrib-

uted. 

Mars, on the other hand, did not suffer from signifi-

cant crustal recycling (if at all). If life managed to ap-

pear on this planet that was somewhat less “habitable” 

than the early Earth [1], it may be possible to discover 

the record of its appearance and early evolution. 

Early terrestrial habitability:  Unlike early Mars, 

the early Earth was habitable on a global scale, not just 

a microbial scale [2,3]. It was an ocean-covered planet 

with a CO2-rich atmosphere and greenhouse conditions 

maintained by CH4, H2O and other gases. The oceans 

were warm  55°C and slightly acidic. Like Mars, vol-

canism and hydrothermal activity characterised the 

early Earth. On the microbial scale, the early Earth 

offered a multitude of habitats.  Chemolithotrophic 

microorganisms that obtained their energy from redox 

reaction at the rock/water interface could have colo-

nized the glassy rinds of pillow lavas, as well as cracks 

and vesicles within the rocks [4], or  the surfaces of 

volcanic detrital grains [3,5]. Other chemolithotrophs 

could have obtained their energy from H2 and H2S, as 

well as reduced mineral species, e.g. FeS, in and 

around hydrothermal vents or from serpentinisation of 

the Early Archaean ultramafic and mafic volcanics [6]. 

The organic matter produced abiotically in the upper 

crust or imported in extraterrestrial materials, as well 

as the dead microorganisms, would have been oxidized 

to provide energy to chemoorganotrophic microorgan-

isms. 

Finally, habitats bathed by sunlight could have 

hosted early photosynthetic microorganisms and both 

macroscopic and microscopic traces of early anaerobic 

photosynthetic microorganisms occur by 3.5-3.3 Ga. 

Photosynthesis was an important step in the evolution 

of life because it enabled the microorganisms to have 

more or less unlimited access to the sun’s energy.  

All of the microbial metabolisms mentioned above 

are anaerobic, i.e. based on conditions without oxygen.  

Early terrestrial life: Although there are only two 

locations where Early Archaean rocks are well-

preserved – the Barberton Greenstone Belt in South 

Africa and the Pilbara in Australia, both 3.5-3.2 Ga – 

from the microbial point of view these terrains host a 

wide variety of potential habitats: volcanic 

rock/particle surfaces, hydrothermal vents, and sun-

bathed sediment surfaces.   

[4] first documented corrosion tracks in the vitreous 

surfaces of pillow lavas ~3.5 Ga from Barberton and 

the Pilbara that they attributed to the effects of chemo-

lithotrophic microorganisms. No direct traces of these 

organisms have been found however. On the other 

hand, similar tunnels bored into the surfaces of volcan-

ic particles do contain fossilized organic polymer be-

lieved to be the degraded remains of chemolithtrophs 

colonizing the particle surfaces [3,7]. The direct obser-

vation of fossilized monolayer colonies of small coc-

coidal microorganisms at the surfaces of volcanic par-

ticles and within the pores of detrital pumice in Early 

Archaean sediments [3,5] corroborates this interpreta-

tion. Note that these microorganisms were very small, 

< 1 µm in size. 

Most of the preserved Early Archaean sedimentary 

environment represents shallow water environments. 

Preserved deeper water deposits (below wave base) are 

rare but must have been more abundant. The shallow 

water habitats host macroscopic evidence for photosyn-

thetic life in the form of stromatolites [8-10]. Stromato-

lites are lithified layers of sticky photosynthetic mats 

that form 3D constructions are various morphologies. 

In the Early Archaean, these microbial edifices are 

relatively small, of the order of ~10 cm, whereas in the 

Late Archaean to Proterozoic eras, they were gigantic, 

reaching many meters in size. [9] noted subtle control 

on the morphology of the stromatolites related to dif-

ferent water depths of the carbonate platform upon 

which they grew.  

Apart from the macroscopic evidence of photosyn-

thesis, there is also microscopic evidence in the form of 

delicately fossilized microbial mats formed on sedi-

ment surfaces [3,5,11-13]. Whereas the colonies of 

coccoidal chemolitotrophs on volcanic particle surfaces 

appear as smudges of carbon in optical microscopy 

(HR-SEM is needed for detailed observation), the pho-
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tosynthetic mats are large and readily identifiable in 

thin sections of the rocks.  

Photosynthetic microorganisms have other specific 

characteristics, apart from forming mats. They typically 

form associations with other microorganisms, such as 

chemoorganotrophs. Thus, the photosynthetic microbi-

al mats are layered consortia with the photrophs pro-

ducing organic carbon at the sun-bathed surface of the 

mat whereas the dead organic matter beneath the sur-

face nourishes the chemoorganotrophs below that de-

grade it. This stratification occurs on the micrometer 

scale. A second characteristic is that the photosynthetic 

microbial mats are often calcified in situ, the calcifica-

tion being a by-product of the chemoorganotrophic 

metabolism [14]. Again, calcification occurs within the 

mats on the micrometer scale. Note that the individual 

photosynthetic microorganisms creating the photosyn-

thetic mats are very small, < 0.5 µm in diameter over 

lengths of 10s µm. 

Other enigmatic microfossils have been described 

from the Early Archaean rocks. [15] describe large 10-

50 µm size irregular bacteriomorph structures in 3.46 

Ga-old siliciclastic sediments that they interpret as 

chemoorganotrophs, while [16] describe even larger 

structures in 3.2 Ga siliciclastic sediments. These bac-

teriomorph structures are orders of magnitude larger 

than the small chemolithotrophic coccoids and photo-

synthetic filaments previously described [3,13,14]. 

Despite the difficulties involved in studying the 

traces of early life and proving their biogenicity, it has 

been demonstrated that life occurs in all the known 

types of early terrestrial habitats and it may thus be 

reasonably assumed that, by 3.5 Ga, life was wide-

spread on Earth [2]. 

A question of preservation and identification: 

How were these early traces of life preserved and how 

can they be identified with certainty? The preservation 

of microorganisms is a serendipitous affair. Not all 

microorganisms are susceptible to fossilization, some 

because their cell walls are too delicate [18], some be-

cause they are rapidly degraded by chemoor-

ganotrophs. In order for a microorganism to be pre-

served as a morphological fossil, it needs (1) to be re-

placed by a mineral very rapidly before the cell wall 

can degrade and before chemoorganotrophs can de-

grade it, or (2) have a tough cell wall (as in spores) and 

be buried in reducing sediments before degradation. 

Physical features, such as cells, are only one of the 

signatures of life that can be preserved and degraded, 

carbon molecules are more frequently found in anaero-

bic sediments. All of these phenomena can give rise to 

a variety of potentially preservable biosignatures [19] 

that include (1) physical structures, such as cells, colo-

nies, biofilms, mats, stromatolites; and (2) organic and 

inorganic geochemical signatures, such as the 

nanostructure and molecular and elemental composi-

tion of the carbon molecules, the isotopic signatures of 

various elements (C, N, S, Fe etc). More indirect bi-

osignatures can include the influence of microbial ac-

tivity on their immediately adjacent environment, such 

as corrosion features in mineral/rock surfaces. The 

small size and subtle expression of many of the early 

Earth biosignatures can at times be problematic and it 

may be difficult to distinguish them from abiotic arti-

facts [19]. Sophisticated instrumentation (e.g.  HR-

SEM, synchrotron, NanoSIMS) is therefore often 

needed for their study. 

Life on Mars: The early terrestrial life forms in 

rocks 3.5-3.3 Ga, although already relatively evolved, 

are small, < 1µm, (except for the enigmatic bacterio-

morph features of [16]. Their study is technologically 

and conceptually challenging. Could similar forms of 

life have inhabited early Mars and could signatures of 

their presence be preserved in martian rocks? On the 

microbial scale, Mars could have been habitable and 

life may have appeared on the planet. However, habit-

ability on Mars, even in its early history when there 

was occasional liquid water at the surface, was episod-

ic. Thus, while rocks on Mars could record the missing 

link between pre-life and early life, there was not much 

scope for significant evolution. Early life on Mars, if it 

was there, may have been far more primitive and even 

smaller than Early Archaean terrestrial life, posing sig-

nificant challenges for its identification [1]. 
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