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Mars Astrobiology Goals & Definitive Mineralogy 

or volatiles on Mars will require the identification of 
rock types that could have preserved it. Anything 
older than a few tens of thousands of years will either 
be a rock, or will only be interpretable in the context 
of the rocks that contain it. In the case of Mars soil, 
identifying the type and quantity of both ctystalline 
and amorphous components will be essential to under- 
standing sources and processes involved in its genera- 
tion. 

The key role that definitive mineralogy plays is a 
coiisequence of the fact that minerals are thermody- 
naiiiic phases, having known and specific ranges of 
Temperature, Pressure and Composition within which 
they are stable. More than simple compositional 
analysis, definitive iiiineralogical analysis can provide 
iiiforniation about pressureiteniperature conditions of 
formation, past climate, water activity, the fugacity 
(activity) of biologically significant gases aiid the like. 
Definitive mineralogical analyses are necessary to 
establish the origin or provenance of a sample. 

Mars will initially be a search for evidence of present 
or past conditions supportive of life (e.g.,evidence of 
water) not for life itself. Definitive evidence of past or 
present water activity lies in the discovery of: 
* Hydiated niinerals. The "rock type" hosting the 
hydrated minerals could be igneous, ineta~norphic, or 
sedimentary, with oiily a minor hydrated mineral 
phase. Therefore, the identification of minor phases is 
impoi-tant. 
* Aqueous sedimenls. Sediments are coininonly iden- 
tified by the fact that they contain minerals of dispa- 
rate origin that could only have come together as a 
mechanical mixture. Therefore, the identification of 
all minerals present in a mixture is important. 
* ffydrothermal precipitates. Chemical precipitates 
such as silica or carbonate can be uniquely identified 
oiily by their structure. For example, Opal A, Opal CT, 
tridymite, crystobalite, high and low Quartz all have 
the same coinposition (SiOz) but different crystal 
sti-uctures which are indicative of different environ- 
ments - from high pressure shock metamorphism to 
low temperature, low pressure hydrothernial precipita- 
tion. Therefore, identification of crystal structures and 
structural polymorphs is important. 

The search for evidence of life, prebiotic chemistry 

The search for evidence of extant or extinct life on 

Crystal Structure Information is Required for 
Unequivocal Mineralogical Analysis 

Mineralogical identification - the determination of 
ciystal structure - is a critical component of Mars 
Astrobiological missions. Chemical data alone are not 
definitive because a single chemical composition or 
even a single bonding type can represent a range of 
substances or mineral assemblages. Definitive min- 
eralogical instruments have never been deployed on 
Mars, and as a result, not a single rock type or mineral 
has been identified with certainty. 

Minerals are defined as unique structural and coin- 
positional phases that occur naturally. There are only 
about 15,000 miiierals that have been described 011 
Earth. There are likely inany minerals yet undiscov- 
ered on Earth, and likewise on Mars. If an unknown 
phase is identified on Mars, i t  can be fully character- 
ized by structural and elemental analysis (XRD/XRF) 
without recourse to other data because XRD relies on 
first principles for its determinations. An unknown 
mineral discovered on Mars could be fully described 
(stiucture and composition), named and likened to 
terrestrial counterparts without recourse to other data. 
X-ray diffi-action is the principal ineaiis of identifica- 
tion and characterization of minerals on Earth. 

Modern X-ray diffraction methods are able to 
identify all minerals in a complex mixture using full- 
pattern fitting methods such as Rietveld refinement.' 
When X-ray amorphous material is present, Rietveld 
refinement caii determine the relative amount of 
amorphous material, aiid a radial distribution function 
can be calculated which will identify the principal 
atom-atom distances present in the inaterial. When 
combined with XRF data, this will provide as coin- 
plete a characterization as is possible, by any remote 
technique. 
The CheMin XRD/XRF Instrument 

quantitative mineralogical analysis. The original 
prototype has been modified (aiid made portable) by 
replacing the Philips-Norelco tube tower with an Ox- 
ford Instminents inicrofocus X-ray source (figure 1). 
In the current version, the inicrofocus source (70 pm 
diameter) and a 30 pin final aperture yield a beam 
diameter at the sample of -100pn. A wide variety of 
minerals and rocks has been analyzed utilizing 40 KV 
accelerating voltage and 0.25 microamps beam current 
(10 watts). Interpretable patterns of single minerals 
can be obtained in a few minutes and quantifiable 
patterns of complex rocks can be obtained in a few 
hours. 

The CheMin XRDiXRF instru~iient*-~ is capable of 




