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Premise: What if martian life (if it ever appeared) 

remained in a really primitive state, more primitive 

than known terrestrial prokaryotes and perhaps some-

what similar (in terms of size) to virus-like organisms, 

because of the limited possibilities for evolution? What 

would be the implications for its distribution, biosigna-

tures, and detection? To what extent can knowledge of 

early terrestrial life help in the search for potentially 

very primitive martian life? 

Variable habitability on Mars and its implica-

tions for the appearance and evolution of martian 

life forms:  Habitable conditions differ for the origin 

of life, for flourishing life, and for the survival of life. 

For life (as we know it) to appear, the essential ingre-

dients: carbon, liquid water in contact with certain 

minerals, essential elements, and a source of energy, 

need to be present together on time scales long enough 

to allow the assemblage of macromolecules into simple 

cells (100sKy to 1 or 2My, [1]). Once established, the 

time scales of life are much shorter and microbial or-

ganisms are abe to  rapidly take advantage of even 

ephemerally habitable conditions. In terms of survival 

or dormancy, time scales may be  long, e.g. ~1–5 My.  

The question of spatial scale is also important. Mi-

crobial scales are very small [2]. Based on what is 

known of early life on Earth, general scales can be con-

sidered as follows: cells ~1 µm, colonies 10s µm, bio-

films 10–100s µm, mats mm–m, bioconstructions 

(stromatolites, bioherms) 10s cm. The spatial scales of 

life are also a reflection of the status of life. In order 

for life to appear, the necessary ingredients need to be 

available together for up to a few million years. At the 

surface of Mars, this would imply a water-filled basin 

at least several tens of  km in diameter. On Earth, it is 

hypothesized that the assemblage of macromolecules 

into primitive cells took place in subaqueous hydro-

thermal vents, characterised by porous mineral con-

structions in which the self-propagating macromole-

cules could be compartmentalized, thus favouring as-

sociation [3]. Could life have arisen also in the subsur-

face where hydrothermally driven circulation would 

provide the motor for the process (cf.[4])? This scenar-

io would presuppose that the prebiotic organic mole-

cules necessary for the construction of primitive cells 

would be present in the subsurface. Although prebiotic 

macromolecules may have used carbon formed in the 

subsurface by Fischer Tropsch synthesis, much of the 

martian and terrestrial organic carbon is believed to 

have been delivered by meteorites, micrometeorites, 

and comets [5]. 

 
Figure 1. Hydrothermal vents and volcanic rocks/sediments 

in a water-filled impact/volcanic basin as habitats for 

life/origin of life  

Our understanding of the water inventory on Mars, 

particularly during its early history is still not very 

clear. Mars was never an ocean-covered planet, as was 

the Earth (but see [6]). Although there was water at the 

surface, including bodies of standing water, their dis-

tribution in time and space was patchy. Nevertheless, 

large, water-filled basins possibly in association with 

impact and/or volcanic activity could probably have 

existed over periods of several  millions of years. Hy-

drothermal systems could have fueled the appearance 

of primitive cells. A substantial amount of water seems 

to have been in the subsurface [7].  

What could be the consequences for life on Mars? 

It is entirely possible that life could have appeared, and 

disappeared, at the surface of the planet at different 

times and in different places. Spatial and temporal 

changes in Mars’ habitability (i.e. variations associated 

with large swings of the rotational axis) could have 

resulted in life forms having little time to evolve so that 

they would, most likely, have remained in a very primi-

tive stage; for example, not even reaching the prokary-

ote stage (post LUCA —last universal common ances-

tor) found in the oldest traces of terrestrial life [8].  

Life forms in habitable oases at the surface may 

have infiltrated the upper crust via seepage through 

cracks and fractures, and hydrothermal circulation. The 

subsurface would have provided a protected habitat 

and “breeding ground” during inhospitable surface 

periods. Subsurface microbes could have recolonized 

the surface, either at the same location or at another, if 

the cells could be transported to the newly available 

habitat. As noted above, once life is established, its 

habitability requirements in terms of spatial and tem-

poral scales can be much smaller than for the origin of 

life. 
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Implications for biosignature detection and les-

sons from the early Earth: Because the habitable 

conditions from the microbial point of view on the ear-

ly Earth were similar to those on early Mars, the study 

of the oldest preserved traces of terrestrial life on Earth 

can provide us with some indication of what we might 

find on Mars [2]. The limitation is that the oldest pre-

served traces of life on Earth, dating back to 3.5–3.3 

Gy (Early Archaean period), are not the traces of the 

first organisms [8]. Microbial diversity in these ancient 

rocks includes simple chemotrophic forms (obtaining 

energy from organic and inorganic chemical sources), 

as well as anoxygenic photosynthesisers (obtaining 

energy from sunlight). Chemotrophic metabolism is 

likely to have been the earliest form, since photosyn-

thesis is a very sophisticated metabolism that would 

have necessitated significant evolution and hence time. 

This means that terrestrial life must have evolved at a 

much earlier period [9]. However, rocks older than 3.5 

Gy are rare and highly altered because of crustal recy-

cling. Thus, there are no terrestrial rocks old enough to 

preserve the earliest signatures of life. 

Only two locations are known in which rocks 3.5–

3.3 Gy-old are well-preserved: the Barberton green-

stone belt in South Africa and the Pilbara in Australia. 

In both locations, the sedimentary and volcanic for-

mations conserving traces of life have been silicified 

[10], as were the microorganisms, by silica-saturated 

seawater and by hydrothermal silica [8]. Study of the 

biosignatures in these cherts is still in its infancy but it 

seems that the early prokaryotes were widely distribut-

ed. 

Despite the relatively evolved stage of the early mi-

croorganisms, this earliest record of terrestrial life pro-

vides important information on its nature, distribution 

and, most importantly, on the preservation of its bi-

osignatures. The biosignatures of these early life forms 

include the fossilized (mineral-permeated and encapsu-

lated) cells, colonies, biofilms and mats; the degraded 

organic molecules that made up the original organisms 

(nanostructure and elemental and molecular composi-

tion); and the metabolic signatures (isotope fractiona-

tion, biominerals, etc.).  

The early life forms were very small, anaerobic mi-

croorganisms. Typical cell sizes are < 1 µm for coc-

coids whereas the filaments were < 0.5 µm in diameter 

with lengths of 10s µm [2]. These organisms formed 

colonies on volcanic particle/rock surfaces, as well as 

biofilms and mats on sediment surfaces. Of fundamen-

tal importance to the study of early life is the estab-

lishment of the biogenicity (and syngenicity) of the 

biosignatures. All types of information relating to the 

physical structures and their organic and inorganic 

characteristics are necessary for correct interpretation, 

as is the micro- to macroscopic context information. 

The fact that the microorganisms are preserved 

within a mineral matrix has several implications for 

their detection. While preserving them, the mineral 

matrix also significantly dilutes their chemical signa-

tures. Typical bulk rock organic carbon concentrations 

for these rocks are of the order of 0.01–0.05%. How-

ever, on the in situ microbial scale, concentrations can 

be ~1%. Methods developed for the in-situ study of 

these biosignatures provide an idea of the challenges 

involved in terms of instrumental resolution and sensi-

tivity. In fact, we use very sophisticated instrumenta-

tion, such as nanoSIMS, synchrotron, proton probe, 

and ToF-SIMS to analyse the biosignatures.   

Back to life on Mars: The oldest preserved traces 

of terrestrial life (3.5–3.3 Gy), although very small 

(< 1%), were already relatively evolved. The lack of 

longterm habitability on Mars may have inhibited evo-

lution of the very early cells, which may, consequently, 

have remained in a small micelle-like form of the order 

of 10s to 100s nm. This is the range in size of viruses. 

Experiments have shown that viruses can be fossilized 

(mineralized) in the same way as prokaryotes. The re-

sulting microfossils would, however, be very difficult 

to identify in a natural mineral matrix.   

Conclusions: If life appeared on Mars, either at the 

surface or eventually in the subsurface, the changing 

spatial and temporal habitability conditions may mean 

that (1) its distribution will likely be very hetero-

genous, (2) that the life forms may have been smaller 

and more simple than the oldest preserved terrestrial 

prokaryotes, and (3) that their detection in situ may 

prove extremely challenging. The eventuality of super-

imposed signatures due to changing habitability, as 

well as variability in the conservation of eventual traces 

of past/present life will have great influence on strate-

gies to search for traces of life in situ, and on the col-

lection and return samples for study on Earth.  
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