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A multidisciplinary taskforce met to develop spe-

cific criteria that can help identify likely environments 
and conditions for biosignature preservation that will 
inform Mars Science Laboratory (MSL)  landing site 
selection and, potentially, landed operations. The aim 
was to use contextual knowledge of the candidate 
landing sites in order to identify and rank prospective 
biosignature preservation windows. 

Our understanding of Mars and its environmental 
history has increased dramatically in recent years.  
Orbiting instruments are yielding photographs, topo-
graphic maps, as well as physical, chemical, and mine-
ralogical data with unprecedented resolution.  The 
Mars Exploration Rovers (MER), Opportunity and 
Spirit, have contributed a geologist’s-eye views of 
stratigraphic successions on Mars.  Building on this 
success, the extraordinary instrument package and 
anticipated roving capability of the MSL position us to 
use new rover observations to test hypotheses generat-
ed on the basis of high-resolution orbital data.  An 
important finding from the orbital images is that 
layered rocks have accumulated to thicknesses in 
excess of a kilometer on some parts of the ancient 
Martian surface.  However, we still lack fundamental 
understanding of the processes of sedimentary particle 
generation, transport, and cementation that made such 
accumulations possible.   Clearly, a suite of erosion 
and degradation processes also governs present-day 
exposures, and our understanding of these processes is 
incomplete. MSL has the imaging and instrumental 
capability to document and evaluate patterns of strati-
graphic development, as well as the sources of layered 
materials and their subsequent diagenesis.  These ca-
pabilities offer an unprecedented opportunity to deci-
pher key aspects of the environmental evolution of 
Mars’ early surface and aspects of the diagenetic 
processes that operate today.  In other words, a suc-
cessful MSL mission will yield data that will help us to 
determine if Mars was once habitable and the likelih-
ood that traces of life could still be preserved in the 
Martian regolith. 

Considering the MSL instrument payload package, 
we identified the following classes of biosignatures, 

were they to be encountered, as within the MSL detec-
tion window: organism morphologies (cells, body fos-
sils, casts), biofabrics (including mats), diagnostic or-
ganic molecules, isotopic signatures, biomineralization 
and bioalteration, spatial patterns in chemistry, and 
biogenic gases.  However, we also recognized that, 
even on Earth which demonstrably has had a vigorous 
biosphere for perhaps as long as four billion years, 
many of these biosignatures can be ambiguous and 
may be preserved only under rare and exceptional cir-
cumstances.   

Of the above-mentioned biosignatures, the most 
easily detected and least ambiguous would be accumu-
lations of organic matter. On Earth, in spite of its vital 
biosphere, the majority of biologically derived organic 
carbon exists as “fossil” organic matter stored within 
layered sedimentary rocks.  This sequestered organic 
matter is by some estimates 2 x 105 that of the carbon 
stored in the living biosphere. C-isotopic patterns tell 
us that this carbon has been accumulating in sediments 
for at least 3.5 billion years and that, for 90% of this 
time, it was as a result of the activities of microorgan-
isms.  If life ever existed on Mars it was likely micro-
bial and probably existed either free-living in water 
columns or communally in sediments or as biofilms. 
Biomass from such communities may be preserved in 
the Mars sedimentary rock record in sufficient concen-
tration to be detectable with the MSL payload ele-
ments.  Furthermore, sedimentary processing (e.g., 
hydrodynamic sorting as occurs in fluvial and deltaic 
environments on Earth) may have concentrated biolog-
ically derived carbonaceous particles into organic-rich 
horizons in sedimentary strata. A logical approach to 
establishing whether life ever existed on Mars is, 
therefore, to analyze appropriate sedimentary litholo-
gies seeking evidence of “fossilized” organic matter 
preserved therein. In addition, we note that organic 
matter produced as the result of biological activity is 
fundamentally different, to abiotic material in in its 
chemical make-up1. 
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