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Introduction:  Over the past decade, study of the 

most ancient traces of life on Earth has demonstrated 

the necessity of using several complementary tech-

niques to demonstrate their biogenicity and 

syngenicity. In parallel, a wider range of increasingly 

sophisticated techniques is used. The aim of this con-

tribution is to make an overview of the techniques 

presently available and to discuss their contributions to 

the study of microscopic fossilized traces of life in 

early Earth and Mars rocks. The use of these tech-

niques in in situ missions is also discussed.   

Early traces of life:  The oldest traces of life da-

ting back to 3.5 Ga document prokaryote-like life 

forms that are sub-micrometric in size [1-3]. The subtle 

expression of the fossil remains is accentuated by the 

degree of degradation of the organic molecules 

(kerogen). The establishment of biogenicity in these 

kinds of structures is challenging and requires the use 

of numerous devices and techniques. 

Early biosignatures: These ancient life forms are 

expressed as (1) physical structures, including mineral-

replaced cells, colonies, biofilms and mats; as 

bioconstructions, such as stromatolites; and as 

biominerals, such as carbonate; and (2) as organic and 

inorganic chemical signatures including the nanostruc-

ture and molecular and elemental composition of the 

degraded organic cellular components and their isotop-

ic signature; as well as the effects of microbial corro-

sion on minerals associated with the biosignatures. 

Since many of these signatures can individually be 

reproduced by abiogenic processes, biogenicity needs 

to be demonstrated by a an association of biosignatures 

that can only be reproduced by living processes 

Methods: Many methods and techniques requiring 

variable sample preparation are employed in the study 

of biosignatures.  

- Optical techniques, from orbital observations to 

optical microscopy. These techniques provide infor-

mation about environmental context, geology, petrog-

raphy, biostructures… The scale of observation ranges 

from kilometers to micrometers. 

- Optical spectroscopic techniques, from orbital to 

microscopic observations. They provide information 

about molecular composition and mineralogy of the 

context materials as well as of the biosignatures them-

selves. Cathodoluminescence and fluorescence tech-

niques can also give information about traces elements. 

The scale of observation is the same as classical optical 

observation. 

- Mass spectroscopy can be used to determine the 

molecular, elementary and isotopic composition. Sev-

eral types of mass spectroscopy exist depending on the 

sample preparation, ion source and analyzer: GC-MS, 

ICP-MS, TOF-SIMS, NANO-SIMS... The resolution 

can be down to few tens of nanometers. 

- X-ray and electron diffraction in TEM give in-

formation about the crystallography of the sample. 

- Electronic microscopies (SEM and TEM) allow 

observation at the micrometric and sub-micrometric 

scale. Both can be coupled with analyzing technique 

such as EDX, WDX or Auger electron detector. 

Finally, several other techniques can be used, such 

as Atomic Force Microscopy, Mössbauer, NEXAFS, 

EXAFS, XANES, SFX, EPR…to provide topograph-

ical or compositional information. 

In this contribution we will give a short description 

of these techniques (principle, resolution…). In partic-

ular, we will discuss their complementarity and how 

they can be used to demonstrate the biogenicity of a 

fossilized structure. 

Biosignature detection on Mars: Most of these 

techniques require the use of large, sophisticated 

equipment for both analysis and sample preparation. 

Many of these instruments cannot be adapted for space 

flight but other can be and their development should be 

envisaged. 
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