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Introduction:  The objective of this study is to 

place constraints on the composition and effective 
mean particle size of fine particulate mineralogies on 
the Martian surface.  This objective is met via com-
parisons between infrared spectra of Martian bright, 
dusty regions and a variety of igneous analogue mate-
rials at a range of particle size fractions. 

Background: Before discussing the details of the 
new work presented here, it is appropriate to provide 
context in terms of prior laboratory work on infrared 
spectra of particulate mineral and rock samples, and 
the current state of knowledge with respect to the 
thermal infrared spectrum of Martian dusty regions. 

Infrared Spectra of Particulate Minerals & Rocks. 
Numerous investigators have studied the effects of 
particle size on the thermal infrared spectra of minerals 
[e.g., 1-8].  Changes arise in the infrared spectral char-
acter of minerals if the mineral under observation is 
physically dominated by particles whose sizes ap-
proach or are smaller than the wavelength of observa-
tion. This behavior is commonly referred to as “vol-
ume scattering”, and is increasingly apparent with de-
creasing mean particle size.  In silicate minerals, a uni-
form (blackbody) decrease in spectral contrast/band 
depth at wavenumbers less than ~1250 (wavelengths 
greater than 8 µm) is observed first as mean particle 
size decreases, and as mean particle size decreases 
further, the appearance of transparency features be-
tween the silicate reststrahlen bands and at wavenum-
bers greater than ~1250 are also common.  Transpar-
ency features at high wavenumbers in silicates are ex-
pressed as increasingly reduced emissivity with in-
creasing wavenumber, producing a strong spectral 
slope.  Commonly, the onset of this behavior at ther-
mal infrared wavelengths is observed at particle sizes 
of ~100 µm and under [e.g., 7], although a specific 
cutoff dimension has not been identified.  Despite the 
considerable attention devoted to the physics of parti-
cle size effects in pure minerals [e.g., 6-10], very little 
attention has been given to these effects in physical 
mixtures (e.g. dusts and sands derived from rocks 
[11]), largely because the physics of light interaction 
and scattering in mixtures is even more complicated 
than in pure minerals.  Nonetheless, it is possible to 
quantitatively parameterize scattering effects as a func-
tion of particle size and bulk composition.  

[12] initiated a study of particulate mafic igneous 
rock samples to investigate their spectral characteris-
tics as a function of dominant particle size and compo-

sition. That study created particulate samples in the 
following size fractions: <63, 63-125, 125-250, 250-
500, 500-1000, and 710-1000 µm. [12] found that the 
infrared spectra of all size fractions with particle sizes 
>63 µm showed an approximately 30-35% decrease in 
reststrahlen band spectral contrast as compared to the 
spectrum of the solid rock sample, and did not exhibit 
transparency features (Figure 1). This is somewhat less 
than the 40% decrease reported for a particulate gran-
ite [13]. Reststrahlen band strength was not observed 
to decrease further until the dominant sample size frac-
tion was less than 63 µm; however, the onset of in-
creasing spectral slope at high wavenumbers was 
shown to occur in size fractions of  <125 µm, with 
subtle hints of this behavior present at size fractions as 
large as 250 µm.  In the <63 µm size fractions, trans-
parency features of varying strength and shape were 
observed in all samples.  The strongest of these fea-
tures is observed in samples high in plagioclase feld-
spar, and is manifested as a relatively narrow feature at 
~800-850 cm-1 [14].   The 710-1000 µm size fraction 
of each sample was created for comparability with 
coarse particulate samples in the Arizona State Univer-
sity spectral library [15].  As with mineral spectra, 
comparison of the spectra of these samples showed 
that not all lithologies exhibit similar spectral contrast 
despite having the same dominant particle size.  The 
results of [12] showed that, as in the case of mineral 
spectra, the onset of obvious particle size effects is 
below particle sizes of ~65 µm; further studies of finer 
size fractions below ~65 µm are required to fully char-
acterize the maximum extent of such effects. 

Infrared spectra of high-albedo regions on Mars. 
High-albedo regions on Mars represent dusty materials 
based on their spectral (visibly bright) and thermo-
physical (low thermal inertia) characteristics. A recent 
analysis of Mars Global Surveyor (MGS) Thermal 
Emission Spectrometer (TES) data by [16] has isolated 
spectra from the surface in Martian dusty regions, and 
not surprisingly, features indicative of fine particulate 
materials (estimated as <40 µm) dominate the spectra, 
including a strong spectral slope at high wavenumbers, 
and low spectral contrast in the reststrahlen bands.  

The strong spectral slope at high wavenumbers in 
the bright region data permits absorption features re-
sulting from mineralogy to be observed more easily, 
and [16] observed a feature at ~1640 cm-1 that results 
from the fundamental bending mode of H2O.  This 
H2O may be bound in an unknown mineral phase, or it 
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could be adsorbed onto mineral particles.  [16] also 
observed a strong spectral feature at ~800 cm-1; this 
feature was attributed to one or more framework sili-
cates, although those investigators favor plagioclase 
feldspar. The abundances of the H2O-bearing and 
framework silicate phases have not been constrained 
well.  Additionally, [17] have shown that in the Mar-
tian bright region spectra, a slight rise in emissivity 
between ~1250 – 1640 cm-1 (superimposed on the 
overall spectral slope) is consistent with the presence 
of small amounts (~2-3%) of carbonate. [18] compared 
the Martian bright region spectrum of [16] to spectra 
of terrestrial basaltic tephras that have experienced 
variable degrees of alteration.  They found that only 
one sample, a tephra dominated by plagioclase feld-
spar and hematite, displayed sufficient spectral similar-
ity to the Martian spectrum to be considered a viable 
analogue to the Martian dust.  

[19] used spectral ratios of TES data from bright 
and dark regions on Mars to investigate their composi-
tion and particle size. Those investigators found that 
the ratio spectrum, which is a combination of features 
from both the bright and dark regions, displays a small 
feature consistent with the ~800-850 cm-1 transparency 
feature in plagioclase feldspar.  The Martian ratio 
spectrum is also consistent with the ratio of the coarse 
(500 – 1000 µm) and fine (<63 µm) size fractions of a 
single basaltic lithology.  Ratios of differing litholo-
gies did not provide similarly good matches to the 
Martian ratio, suggesting that the compositions of the 
bright and dark regions are broadly similar, and that 
they differ largely in their dominant particle size. 

Although 2-3% of the Martian bright region dust 
spectrum can be explained by carbonate, and fine par-
ticulate framework silicates appear to dominate the 
primary spectral features (1250 – 700 cm-1, 8 – 12 
µm), no additional minerals have been identified with 
certainty.  Thermal Emission Spectrometer results 
from Martian dark regions have identified basaltic to 
intermediate [20, 21], or weathered basaltic [22], 
lithologies that require the presence of mafic minerals 
such as pyroxene, olivine and phyllosilicates.  Visible 
and near-infrared spectroscopic data provide ample 
evidence for pyroxenes in dark regions as well [23-
25].  The abundances of mafic minerals that could be 
present in the Martian dust have not been well con-
strained by the work completed thus far, and several 
outstanding questions remain:  what is the abundance 
of the framework silicate(s), what other minerals might 
be present, and can the mean particle size of the mate-
rials be constrained further?  

This study:  To begin placing additional con-
straints on the particle size, composition, and abun-
dance of phases in the Martian dust spectrum, I have 

produced additional particle size fractions of the igne-
ous rocks used by [12].  New size fractions include:  
<5, 5-10, 10-25, 25-48, and 48-63 µm.  As in [12], 
infrared spectra of these samples were analyzed at the 
thermal emission spectroscopy laboratory at Arizona 
State University.  The bulk chemistries and modal 
mineralogies of these rocks are described by [26, 27].  

Results – Spectral character & particle size.  Fig-
ure 2 shows an example of the fine particulate size 
fractions (STL-20, shown in Figure 1).  All <63µm 
size fractions exhibit high wavenumber transparency 
features, and all exhibit lower emissivity than coarser 
size fractions.  Size fractions <25 µm display a strong 
plagioclase transparency feature at ~825 cm-1.  An 
incipient plagioclase transparency feature is apparent 
in the 25-48 µm size fraction.  Spectral contrast at 
<650 cm-1 is further reduced in the <25µm samples.  
We are compiling a database of the strengths of the 
observed features, and spectral slopes for statistical 
analysis. 

Results – Spectral character & composition. Figure 
3 shows the infrared emission spectra of the <5 µm 
size fraction of eight samples.  All samples display 
extremely strong spectral slopes at high wavenumbers. 
As predicted [e.g., 11], the Christiansen features (the 
emission maximum in the 1400 –1200 cm-1 region) of 
the samples generally are located at lower wavenum-
bers as silica content decreases.  All of the spectra dis-
play transparency features in the 800 cm-1 region. 
STL-20 and STL-50 display the plagioclase transpar-
ency feature; 79-35i also displays this feature, al-
though at lesser strength.  These three samples have 
high modal abundances of plagioclase, at approxi-
mately 80, 70, and 70 vol%, respectively [26, 28].  The 
remaining samples have modal abundances of plagio-
clase between ~5 – 65 vol% [26, 28].  These prelimi-
nary results suggest that if the feldspar transparency 
feature is strongly apparent, that phase is a very sig-
nificant modal component (likely greater than 50 
vol%) of the particulate material. 

Results – Comparison to Martian bright region 
spectra.  Our preliminary results suggest that samples 
high in modal plagioclase provide the most likely ana-
logues to the Martian spectrum of [16].  We will pre-
sent comparisons of various compositions at fine parti-
cle sizes to the Martian dust spectrum.  We also will 
discuss the likely abundances of mafic minerals that 
might be present on the Martian surface based on our 
analogue materials’ compositions. 
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Figure 1. Thermal emission spectra of coarse particulate size fractions as compared to solid sample (STL-20).  Spec-
tral contrast in the <1200 cm-1 region is roughly equally reduced in particulates, and does not show consistent trend 
with particle size.  Transparency features at >1200 cm-1 are apparent in spectra of the two smallest particle size 
fractions. 
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Figure 2. Thermal emission spectra of fine particulate size fractions of STL-20.  All <63µm size fractions exhibit 
high wavenumber transparency features, and all are lower in emissivity than in coarser size fractions.  Size fractions 
<25 µm display strong plagioclase transparency feature at ~825 cm-1.  Spectral contrast at <650 cm-1 is further re-
duced in <25µm samples. (Note change in y-axis scale from Figure 1.) 
 

 
Figure 3. Thermal emission spectra of <5 µm particle size fractions of igneous rocks.  Legend lists samples in order 
of increasing bulk silica content (wt% SiO2). 
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