
IN SITU ANALYSIS OF MARTIAN PHYLLOSILICATES USING THE CHEMIN MINERALOGICAL 
INSTRUMENT ON MARS SCIENCE LABORATORY. D. F. Blake1, D. L. Bish2, S. J. Chipera3, D. T. Vani-
man4, P. Sarrazin5 and M. Gailhanou6  1MS 239-4, NASA Ames Research Center, Moffett Field, CA 94035 
dblake@mail.arc.nasa.gov; 2Dept. of Geological Sciences, Indiana University, 1001 East Tenth St., Bloomington, 
IN 47405; 3Chesapeake Energy Corporation, 6100 N. Western Ave., Oklahoma City, OK 73118; 4EES-6, MS D462, 
Los Alamos National Laboratory, Los Alamos, NM 86545; 5inXitu, Inc., 2551 Casey Ave., Suite A, Mountain 
View, CA  94043;  6IM2NP, UMR 6242 CNRS, Universite Paul Cezanne, Aix-marseille III, Marseille, France. 

 
 
Introduction:  The CheMin mineralogical instru-

ment on Mars Science Laboratory (MSL ’09) [1] will 
return quantitative X-ray diffraction data (XRD) and 
qualitative X-ray fluorescence data (XRF; 14<Z<92) 
from scooped soil samples and drilled rock powders 
collected from the Mars surface. Samples of 45-65 
mm3 from material sieved to <150 µm will be deliv-
ered through a funnel to one of 27 reusable sample 
cells (five additional cells on the sample wheel contain 
diffraction 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. In this way, diffraction patterns 
exhibiting little to no preferred orientation can be ob-
tained even from minerals exhibiting strong preferred 
orientation such as phyllosilicates. Figure 1 shows the 
geometry of the source, sample, and detector.   

 
Fig. 1. Geometry of CheMin instrument. A 50-µm diameter 
collimated Co X-ray beam is directed through a powder sample 
held between X-ray transparent windows. 

 
Individual analyses will require several hours over 

one or more Mars sols. For typical well-ordered miner-
als, 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 con-
centrations >4X MDL (12%). CheMin utilizes a Co X-
ray tube which minimizes absorption in iron-rich sam-
ples. 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. Patterns are of sufficient qual-
ity that commercial search-match programs can readily 
identify the major mineralogy of a sample and quanti-
tative analysis via Rietveld refinement or full-pattern 
fitting can be performed with 1-4 hours of data or less, 
depending on sample complexity. 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]. 

Phyllosilicates on Mars: The OMEGA imaging 
spectrometer aboard Mars Express [3,4] has revealed a 
rich diversity of mineralogy on the surface of Mars, 
including the hydrated clay mineral nontronite in older 
cratered terrains [5], along with montmorillonite and 
other clay minerals [6]. Recent observations of hy-
drated silicate minerals by the CRISM instrument on 
Mars Reconnaissance Orbiter have validated these 
observations and provided an even more detailed pic-
ture of the distribution of hydrous phyllosilicates on 
the martian surface [7,8]. OMEGA and CRISM data 
also suggest the presence of diverse clay minerals, 
including kaolins, chlorites, and serpentine minerals, 
along with a variety of hydrous sulfate minerals. 

Clay mineral analysis with CheMin:  Although 
orbiters and rovers have provided tantalizing clues 
regarding alteration mineralogy on the martian surface, 
the traditional method for analyzing mineralogy, par-
ticularly clay mineralogy, is X-ray diffraction (XRD). 
Discriminating between the variety of possible silicate 
clay minerals is traditionally done by taking advantage 
of the existence of distinct large repeat distances per-
pendicular to the phyllosilicate layers. As clay mineral 
discrimination is based primarily on these repeat dis-
tances in their structures, it is therefore crucial that a 
martian XRD instrument be capable of detecting low-
angle (large d-spacing) diffraction peaks. Figures 2, 3 
and Table 1 show CheMin results obtained from a syn-
thetic mixture of phyllosilicate and evaporite minerals. 
In figure 2, the ~15Å d-spacing from nontronite (7º 2θ) 
is seen as the first spatially distinct bright ring of inten-
sity around the undiffracted beam (silhouette of beam 
stop is seen at the center of the lower edge of the im-
age). Figure 3 shows the conventional 1-D diffracto-
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gram that results from summing the 2-D pattern cir-
cumferentially around the central undiffracted beam. 
Table 1 shows a quantitative analysis of this sample 
using the program FULLPAT [9].    

With this performance, CheMin can identify and 
distinguish a number of clay minerals. For example, 
discrimination between 1:1 phyllosilicates (such as the 
kaolin minerals), with repeat distances of ~7Å, and 
smectites (e.g., montmorillonite, nontronite, saponite), 
with repeat distances from 10-15Å, is straightforward. 
However, it is important to note that the variety of 
treatments used in terrestrial laboratories to aid in dis-
crimination of clay minerals will not be accessible on 
Mars (e.g., saturation with ethylene glycol vapor, heat 
treatments). Although these treatments will not be 
available on Mars, dehydration within the CheMin 
instrument could be used to advantage in discriminat-
ing between phyllosilicate minerals that exhibit differ-
ent dehydration behavior, such as chlorite vs. smectite. 
In addition, it should be possible to identify the hy-
drated kaolin mineral, halloysite. The lowest-angle 
diffraction peak from 10.1Å hydrated halloysite occurs 
at ~10.2º 2θ with Co radiation and is easily detectable; 
the mineral may readily dehydrate to ~7Å, making its 
identification possible based on this transition. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 2. 2-D image of diffraction pattern from a synthetic clay-
bearing evaporite sample. The direct beam is at the lower center of 
the image; 2θ increases radially with distance from this point. 
 

Clay Minerals and MSL landing sites: Study of 
clay mineralogy in situ on Mars will begin with the 
arrival of CheMin on MSL in 2010. Potential landing 
sites include the Nili Fossae Trough, Mawrth Vallis, 
Southern Meridiani, Holden Crater, Miyamoto Crater, 
Eberswalde Crater, and Gale Crater. All sites have 
evidence of sedimentary processes along with spectral 
signatures of smectites and, in many cases, kaolinite. 

Wherever MSL lands, clay mineralogy will be a criti-
cal component of determining hydrogeologic history 
and habitability. 

 
Fig 3. 1-D 2θ diffractogram of the 2-D image in Fig. 2. The low 
angle detection capabilities of CheMin allow detection of the basal 
spacing of all natural phyllosilicates. 
 
Table 1. Quantitative XRD analysis of a synthetic clay-bearing 
evaporite. 
 

Phase Meas-
ured 

(wt%) 

Known 
(wt%) 

Known vs. 
measured 
(diff., %) 

Com-
ment 

Nontronite 69 61 13.1 Within 
15% 

Gypsum 22.6 25 -9.6 Within 
15% 

Halite 2.8 8.7 
 

-67.8 <4x 
MDL 

Hematite 5.7 5.3 7.5 Within 
15% 
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