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Introduction:  Portions of the Martian surface may 

have been altered or weathering, as indicated by orbital 
remote sensing measurements [e.g. 1] and measure-
ments from the Mars Exploration Rovers [e.g. 2-3].  
Thermal Emission Spectrometer data show a latitudinal 
distribution of certain surface spectral types that may 
indicate weathering [4-6].  We have been investigating 
the effects of weathering on thermal emission spectra 
[7-8] in order to better assess similar spectra from 
weathered Martian surfaces. 

The products of silicate weathering typically occur 
as fine-grained particles.  The fine grain size may im-
parts effects on spectral measurements that makes them 
difficult to model by linear deconvolution [9].  In order 
to test this effect as it may occur in weathered materials 
and to aid in our interpretation of the spectral effects 
occurring in naturally weathered rocks, we are perform-
ing a set of controlled experiments to investigate the 
effects of mineral mixing on thermal emission spectra. 

Methods: Initial experiments have focused on sim-
ple mixtures: sand-sized plagioclase feldspar and/or 
pyroxene mixed with clay or amorphous silica.  We 
chose amorphous silica and montmorillonite because 
they the position of their Si-O stretching absorption in 
thermal infrared spectra are different, 1120 cm-1 and 
1072 cm-1, repectively, and they were expected to effect  
Minerals were prepared as follows: Augite and ande-
sine were crushed and sieved separately to a 75-106 µm 
size fraction.  Montmorillonite clay was centrifuged to 
separate the <0.2 µm size fraction in order to assure 
purity of the clay.  Amorphous silica was prepared by 
evaporating a pure solution of colloidal silica, crushing 
the silica, passing it through a 20 µm filter, and settling 
that material in water to separate out the <2 µm size 
fraction. 

Minerals were mixed by thoroughly stirring care-
fully weighed amounts of each mineral.  Thus far, the 
following mixtures have been produced: andesine + 
montmorillonite (in a 4:1 proportion), augite + mont-
morillonite (4:1), andesine + augite + montmorillonite 
(2:2:1), and the same series replacing montmorillonite 
with amorphous silica.  These mixtures were pressed 
into pellets in order to reduce volume scattering caused 
by void spaces in the mixtures that would effect spec-
tral measurements.  Laboratory thermal emission spec-
tra were then acquired for the pellet mixtures from 200-
2000 cm-1 at a resolution of 2 cm-1. 

Initial results: Preliminary analysis of mineral mix-
ture spectra indicates that spectral mixing is nonlinear.  

Augite and andesine have their major (Si-O stretching) 
absorptions at different wavelengths.  Consequently, 
they are affected differently by the addition of mont-
morillonite and amorphous silica.  Tentatively, because 
the major absorption of montmorillonite is near the ma-
jor absorption of augite, the addition of montmorillonite 
may tend to augment this feature, while montmorillonite 
may interfere with the spectral shape of andesine, per-
haps decreasing the likelihood of detecting andesine in 
mixed spectra, such as weathering rinds.  This appears 
to be the case for the controlled andesine-augite-
montmorillonite mixture.  The different position of the 
major absorption feature of amo rphous silica seems to 
interfere with the augite spectrum in a manner similar to 
montmorillonite’s interference with andesine. 

Discussion:  The manner in which fine-grained sec-
ondary silicates interact with coarse-grained primary 
minerals to affect thermal emission spectroscopic 
measurements is, at least in part, a function of the rela-
tive positions of their respective major absorption fea-
tures. It may be that the “detectability” of primary min-
erals from spectra of weathered surfaces is a function 
of the position of absorption features in secondary 
materials, which is a function of Si-O ratio of silicate 
weathering products. Additional experiments and 
analyses are required to better constrain these effects, 
but we anticipate that further results will aid in under-
standing thermal emission spectra of weathered materi-
als. 
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