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Astrobiology is a multidisciplinary 
research field directed towards 
understanding the origin and fate of 
life in the universe. In recent years, 
this area has seen a rapid growth 
especially in the U.S. (Smith 2004) 
but also in Europe (Westall et al. 
2000, Brack et al. 2004). The renewed 
interest in astrobiology results from 
a combination of several factors 
including the following research 
developments: Exploration of ever 
more extreme microbial habitats on 
Earth, recognition of the important role 
of microbes in low-T geochemistry 
and mineralisation, improved 
knowledge of the tolerance levels 
of microbes (e.g. of temperatures 
up to 121 °C, Kashevi & Lovley 
2003), and the recognition of Mars 
meteorites and the related search for 
biosignatures in these rocks. Studies 
performed in the various disciplines 
involved include theoretical work, 
experiments, analogue studies 
based on the terrestrial geological 
record, investigations of meteorites, 
astronomical observations, and the 
launch of astrobiology-oriented 
missions to Mars and comets.

The Earth sciences play a key part 
in astrobiology, particularly where 
planetary bodies similar to Earth (such 
as Mars) are involved. Terrestrial 
geology is all about the history of 
the only planet currently known to 
host live! The Earth is an invaluable 
testbed for the development of 
astrobiology-oriented exploration 
strategies and methods. In our solar 
system, Mars and Jupiter’s moon 
Europa have been identified as the 
most likely candidates for harbouring 
fossil or extant life. The relative 
accessibility of Mars, similarities with 
the Earth particularly during early 
stages of planetary evolution, and the 
availability of Mars meteorites are 
reasons to consider Mars as the prime 

target in the search for extraterrestrial 
life in our solar system.

The search for life on Mars 
follows three major strategic lines:

A) Earth-based analogue studies. 
An important goal is the identification 
of morphological, geochemical 
(including organic biomarkers), 
mineralogical and isotopic signatures 
of microbial life in Mars-relevant 
terrestrial (palaeo)environments. 
Apart from eukariotic fossils and 
organic molecular biomarkers, few 
unequivocal biosignatures are known. 
An obvious terrestrial analogue 
for early Mars is represented by 
the biological record of Archean 
sediments and near-surface volcanics. 
Even here, the significance of various 
reported biosignatures is a field of 
ongoing controversy. Approaches 
independend of geological age 
include the study of microbial 
signatures in extreme environments 
not affected by higher organisms, 
such as hot springs, hypersaline lakes 
and the terrestrial subsurface. One 
example are studies of filamentous 
structures including stromatolite-like 
fabrics occurring in a large number 
of (former) subsurface environments 
such as aqueously altered volcanics, 
oxidized ore deposits and palaeokarst 
settings (Hofmann & Farmer 2000). 
These structures are interpreted as 
biofabrics, and likely represent one 
example of the fossil record of the 
subsurface biosphere. Formerly water-
bearing subsurface environments are 
an obvious target for exploration on 
Mars.

B) Studies of Martian meteorites. 
The currently known 32 unpaired 
Mars meteorites constitute the only 
Martian material available on Earth. 
These rocks provide invaluable 
context information, but probably 
are strongly biased Martian samples, 
mainly derived from an atypically 

young area of very competent 
volcanic rocks. In addition, the 
extreme shock experienced during 
ejection obliterates textural details. 
Reports of putative biosignatures 
in the >4 Ga meteorite ALH 84001 
remain inconclusive. Even though 
there are restrictions due to sample 
bias and shock, at the current rate of 
discoveries Mars meteorites are and 
will remain an extremely important 
source of information on the red 
planet.

C) Missions towards Mars. The 
1976 Viking landers were the first and 
so far only successful astrobiology 
Mars missions. Their somewhat 
ambiguous results indicated the 
absence of life in near-surface soils, 
and the presence of an oxidizing 
component in surface materials. 
Several orbiters and the ongoing 
Mars exploration by the MER rovers 
provide important geological context 
information particularly important for 
the selection of future landing sites. 
With the detection of water-deposited 
sediments from orbit and on the 
surface, and ample evidence for an 
important role of water/ice in Martian 
subsurface geology, there is ample 
choice of tempting environments 
to be explored for signatures of 
past and possibly present life. The 
close-up investigation of an aqueous 
palaeoenvironment in Meridiani 
Planum by Opportunity yielded 
surprises such as the common 
occurrence of hematite concretions 
over several meters vertical extent. 
These results demonstrate, at 
least locally, the occurrence of 
a thick oxidized sediment layer 
and, at some time in the past, of 
oxidizing porewaters.  Possibilities 
for microbial habitats exploiting 
chemical disequilibria at boundaries 
between different redox environments 
are raised. Both NASA and ESA 
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foresee the launch of astrobiology-
driven missions in 2009. Plans for 
NASA’s Mars Science Laboratory 
(MSL) and ESA’s ExoMars mission 
with the rover “Pasteur” both include 
detailed mineralogical, organic and 
isotopic analyses.  Realistically, 
answering the question whether life 
ever existed or still exists on Mars 
will require a number of missions 
and, eventually, the return of carefully 
selected samples.
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