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The search for evidence of habitability, or
of extant or extinct life on Mars, will initially
be a search for evidence of past or present
conditions supportive of life. The three key
requirements for the emergence of life are
thought to be liquid water; a suitable energy
source; and chemical building blocks.
CheMin is a miniaturized XRD/XRF (X-Ray
diffraction / X-ray fluorescence) instrument
which has been developed for definitive
mineralogic analysis of soils and rocks on the
Martian surface [1, 2]. The CheMin
instrument can provide information that is
highly relevant to each of these habitability
requirements as summarized below.

Liquid water. CheMin can easly
identify any minerals which require liquid
water for their formation as well as
mineralogical alteration products caused by
the presence of liquid water.

Chemical Energy Sources. The CheMin
instrument can also provide information on
mineralogical energy sources  for
chemosynthetic lifeforms  such as
manganese(ll) which can be oxidized to
manganese(1V), ferrous iron which can be
oxidized to ferric iron, and sulfide which can
be oxidized to sulfate. In addition, CheMin
can identify geochemical reactions such as
the conversion of olivine to serpentine
(which occurs only in the presence of liquid
water) which could serve as an energy source
for microbial organisms through the
production of H, (the basis for many
chemoautotrophic biochemical processes).

Chemical Building Blocks. The CheMin
instrument will provide information on both

the mgjor elements (H, C, O, N, S, and P) and
minor/trace elements thought to be required
for life. These elements can be indirectly
detected (e.g. through the identification of
carbonates, phosphates, sulfates, and nitrates)
or directly detected by the XRF spectrometer
for 8 <Z < 92. The CheMin instrument can
also identify mineralized organic materials
and biomineralization products.

Other habitability  considerations.
Definitive mineralogical analyses of Martian
rock and soil samples can establish the
environments of formation and alteration of a
rock sample by determining temperature and
pressure conditions of formation, present/past
climate, water activity, the fugacity (activity)
of biologically significant gases and the like.
This information could provide insight into
the early history of Martian volatiles and
potentially establish the presence and lateral
extent of hydrothermal systems.

In order to illustrate the CheMin
instrument’s capabilities, we will present
results from the CheMin-Ill instrument
(developed to the TRL-6 level) and describe
three example Martian surface investigations
in which CheMin data could be used to
evaluate evidence of present or past
habitability. The three are: (i) Evaporite
rock strata such as found by MER-B at
Meridiani Planum; (ii) an impact-gardened
basalt environment such as found by MER-
A at Gusev Crater; and (iii) a global Mars
soil unit.
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