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Introduction:  The CheMin mineralogical instrument 
on Mars Science Laboratory (MSL ’09) [1] will return 
quantitative X-ray diffraction data (XRD) and qualita-
tive X-ray fluorescence data (XRF; 14<Z<92) from 
scooped soil samples and drilled rock powders col-
lected from the Mars surface.  Samples of 45-65 mm3 
from material sieved to <150 µm will be delivered 
through a funnel to one of 27 reuseable sample cells 
(five additional cells on the sample wheel contain dif-
fraction or fluorescence standards).  Sample cells are 
8-mm diameter discs with 7-µm thick Mylar or Kapton 
windows spaced 170 µm apart.  Within this volume, 
the sample is shaken by piezoelectric vibration at sonic 
frequencies, causing the powder to flow past a narrow, 
collimated X-ray beam in random orientations over the 
course of an analysis.  

For typical well-ordered minerals, CheMin has a 
Minimum Detection Limit (MDL) of <3% by mass, an 
accuracy of better than 15% and a precision of better 
than 10% for phases present in concentrations >4X 
MDL (12%).  CheMin utilizes a Co X-ray tube so that 
absorption in iron-rich samples is minimized.  The 
resolution of the diffraction patterns is 0.30° 2θ, and 
the angular measurement range is 4-55° 2θ. 

Terrestrial Versions of CheMin:  Several terres-
trial prototype CheMin instruments have been devel-
oped to evaluate the capability of the instrument for 
qualitative and quantitative analysis of single minerals 
and complex mixtures. Successful Rietveld analyses 
have been performed using data collected for only 5-10 
minutes using the field-deployable Terra instrument, a 
commercial version of CheMin [2]. 

Analysis of hydrous and aqueous minerals with 
CheMin: To date, hundreds of analyses of a wide va-
riety of rocks and minerals have been conducted using 
Terra and CheMin IV, a laboratory prototype of the 
MSL CheMin instrument.  Some classes of minerals 
pertinent to the activity of water on the Mars surface 
are described below:  

Analysis of Hydrous Phyllosilicates: OMEGA and 
CRISM have identified a diversity of hydrous phyl-
losilicate minerals [3-8].  CheMin can identify and 
readily distinguish between many of these.  Discrimi-
nation between 1:1 phyllosilicates (such as the kaolin 
minerals), with repeat distances of ~7Å, and smectites 
(e.g., montmorillonite, nontronite, saponite), with re-

peat distances from 10-15Å, is straightforward.  How-
ever, the variety of treatments used in terrestrial laborato-
ries to aid in discrimination of clay minerals will not be 
accessible on Mars.  Geologic context and elemental 
chemistry should help in this regard.  In addition, it 
should be possible to identify the hydrated kaolin min-
eral, halloysite.  The lowest-angle diffraction peak 
from 10.1Å hydrated halloysite occurs at ~10.2º 2θ 
with Co radiation and is easily detectable. 

Analysis of Carbonates:  Carbonates are readily 
identified by CheMin.  The position of the principal 
peak of the calcite structure can be used to calculate 
mole % MgCO3 along the Ca-Mg join.  Hydrous 
phases (e.g., hydromagnesite), ordered phases (e.g., 
dolomite, ankerite) and orthorhombic phases (e.g., 
aragonite) can be readily discriminated. 

Analysis of hydrous sulfates: Sulfate hydrates iden-
tified on Mars include hydrated and anhydrous forms 
of CaSO4 (gypsum and anhydrite) as well as various 
hydration states of MgSO4 (monohydrates and polyhy-
drates). Ferric sulfates may play a significant role in 
producing brines that remain fluid to very low tem-
peratures and the ferric sulfate jarosite has been posi-
tively identified, providing evidence of acid-sulfate 
alteration. All of these phases are readily distinguished 
by XRD. The nature and hydration states of sulfates 
will provide important constrains on past and present 
water-rock interaction on Mars. 

Analysis of amorphous silica:    Geyserite, Opal A, 
Opal CT, etc. can be readily distinguished by diffrac-
tion.   Silica resulting from acid weathering of volcanic 
materials may be identified by the presence of ele-
ments such as Ti in their XRF spectra.  Likewise, vol-
canic glasses have distinct major and minor element 
signatures in their XRF spectra. 
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