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Introduction:  The surface mineralogy of the 

rocky satellites of the inner solar system contains a 
record of their origin and post-formational processing. 
Impact metamorphism,  impact gardening, accretion / 
ablation, weathering, hydrothermal processing and the 
like can all be elucidated through mineralogical analy-
sis.  The key role that mineralogy plays is a conse-
quence of the fact that minerals are thermodynamic 
phases, having known and specific ranges of Tempera-
ture, Pressure and Composition (T, P, X) within which 
they are stable.  More than simple compositional 
analysis, mineralogical analysis can provide informa-
tion about pressure/temperature conditions of forma-
tion, water activity, the fugacity (activity) of volatile 
materials and the like. 

Mineralogical analysis by X-ray Diffraction 
(XRD):   Minerals are defined as unique structural and 
compositional phases that occur naturally.  There are 
only about 15,000 known minerals, all characterized 
using X-ray diffraction and cataloged in databases such 
as the ICDD powder diffraction file.   X-ray diffraction 
is the principal means of identification and characteriza-
tion of minerals on Earth.   

Modern X-ray diffraction methods are able to iden-
tify all minerals in a complex mixture using full-pattern 
fitting methods such as Rietveld refinement.1   When X-
ray amorphous material is present, Rietveld refinement 
can determine the relative amount of amorphous mate-
rial.  When combined with XRF data, this will provide 
as complete a mineralogical characterization as is possi-
ble, by any remote technique. 

The CheMin XRD/XRF instrument: CheMin is a 
compact XRD/XRF instrument that has been under 
development at NASA Ames Resarch Center since 
1991.2-4  NASA was awarded a patent for the concept 
in 19965 and an R&D 100 award in 1999.  CheMin 
was selected for flight as an analytical laboratory in-
strument on the Mars Science Laboratory (MSL ’09) 
mission in 2004.  The instrument consists of 3 compo-
nents (see figure 1); an X-ray source, a transmission 
sample holder and an energy-discriminating CCD 
which records both XRD and XRF data simultane-
ously.  The CCD is operated in single photon counting 
mode such that both the x,y position and the energy of 
each detected photon can be recorded.  Characteristic 

X-rays from the source are summed into a 2-D diffrac-
tion pattern (used for determining the amount and 
identity of each mineral).  All detected X-rays are 
summed into an energy histogram from which the ele-
mental composition of the sample is determined. 

 Figure 1.  Geometry of the CheMin instrument.  A colli-
mated beam of X-rays passes through a powdered sample 
held between two X-ray transparent windows.  Diffracted 
and fluoresced X-rays are detected by an energy-
discriminating CCD and are used to create an X-ray diffrac-
tion pattern (upper right) and an energy-dispersive X-ray 
fluorescence spectrum (lower right). 

Phobos and Deimos:  The satellites of Mars are 
thought to be captured objects which originated at 
greater radial distances from the sun.  Landed robotic 
missions to these moons could provide mineralogical 
ground truth for a whole class of asteroids that may 
have been the source of carbonaceous chondrites – 
primitive meteorites which contain a few % carbon 
including abiotic organic compounds that could have 
played a role in the origin of life on Earth.  
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