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The existence of cements on Mars is a fascinating and perhaps globally important 
phenomenon. A knowlege of the composition of the cement, together with a global inventory of 
its occurrence, would yield important clues in the assessment of the volatile inventory on Mars. A 
determination of the mechanism of the formation of the crusts, the time scales involved, and the 
age of formation would lead to a greater understanding of the interchange of volatiles between the 
surface of the planet and its atmosphere. Yet, very little is known about these crusted soils. 

The presence of salts on Mars was first determined when Viking Lander 1 imaged an area 
of the surface that had been swept free of fine debris by rocket exhaust during the touchdown of 
the lander. This area, which has a slightly higher albedo than the surrounding deposits [I], 
appears to be a relatively cohesive and f~~ctLKed, crusty soil [2]. A "weak, platy crust" [3] was 
observed at the Viking Lander 2 site as well, perhaps in greater abundance than at the first site. 
Based on the lander images, the crusted soil has an approximate thickness of 1 to 2 cm [4], 
generally occurs at or very near the surface, will break into thin, platy slabs when disrupted by the 
sampling hoe, and appears to be layered [I]. When analyzed by the Viking Lander X-ray 
Fluorescence Spectrometer (XRFS) the composition of the crusted soils was remarkably similar to 
that of the fines, but with significantly higher concentrations of C1, and approximately 50% more S 
[5]. These results indicate that the cement is composed of chlorides and sulfates. The possibility 
that the sulfur is present as sulfide rather than sulfate was ruled out by the absence of sulfur 
containing volatiles after pyrolysis of the soil samples in the gas chromatograph-mass spectrometer 
(GCMS) experiment [6]. 

Many questions still remain. How pervasive is the crust globally? What is the degree of 
induration? Does this vary with location on the planet? Is the crust 1 to 2 cm thick everywhere it 
exists, or does its thickness vary? Are there any correlations of the presence of crusted soils with 
other surface properties, such as topography and morphology? What is the composition of the 
crust? We know the crust includes sulfates and chlorides, but which metal ion (Fe3+, ca2+, 
M ~ ~ +  . . .) is dominant? And are other salts, such as carbonates, involved? If so, by how much? 
When was the crust formed? Does age vary with location? What is the origin of the crust? How 
did it form? 

The answers to these questions are essential for an understanding of the surface- 
atmosphere interactions and their evolution. Partial global distribution patterns have already been 
postulated in a few remote sensing studies. Jakosky and Christensen [7,8] have proposed a 
globally extensive crusted soil on the basis of the correlation of the fine component thermal inertia 
variations, as determined from the Viking Infrared Thermal Mapper (IRTM) data [9,10], with 
variations in cross-section h m  the 70-cm Earth-based radar data, over certain areas of the planet. 
The increase in radar cross-section is interpreted to be due primarily to an increase in dialectric 
constant, which is interpreted to be due primarily to an increase in bulk density [ll]. Rock 
abundance, as determined by Christensen [9,10] h m  IRTM data, does not vary appreciably over 
the planet. Differences in thermal inema were thus interpreted [8] to be due to differences in 
thermal conductivity. Jakosky and Christensen [8] suggested an increasing amount of induration 
of surface debris could explain the corresponding increase in both thermal conductivity (inertia) 
and bulk density. The data is thus interpreted to indicate a~globally extensive crusted soil, with 
higher thermal inema and higher radar cross-section indicating more extensive induration. 

Other studies [12,13] indicate that the region of Oxia, in the central equatorial region, west 
of Arabia and north of Sinus Meridiani, may represent an extensive region of crusted soil. The 
thermal inertia of surface material correlates negatively with reflectance values obtained through the 
red filter, with a central wavelength at 0.59 pm, and reflectance values obtained through the violet 
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filter, with a central wavelength at 0.45 pm. Kieffer et al. [12] interpreted this correlation to be 
due to an increase in grain size with increasing thermal inertia [14] and decreasing albedo [15]. 
The Oxia region is anomalous in this respect. While its thermal inertia is intermediate between that 
of the bright areas and that of the dark areas, its violet reflectance is as low as the dark areas and its 
red reflectance is almost as bright as the bright areas. Additionally, Presley and Arvidson [13] 
postulated that the surface material in Oxia is relatively immobile on the basis of mixing trends 
determined from the red and blue reflectances, as well as morphology interpreted from Viking 
Orbiter images. Yet the thermal inertia of the material would correspond to a grain size in 
unindurated material of about 130 pm [14]. According to Iversen and White [ l a ,  this grain size 
should be the most easily transported on Mars. Since the unit appears to be immobile, however, 
an alternative explanation is that the surface material of Oxia is composed of a finer grain size that 
is somewhat indurated [13]. Arvidson et al. [17] suggest that the color/albedo units observed in 
the Oxia region correspond to those observed in the Chryse region, which implies that the crusted 
soil could have formed over very wide areas of the planet. This conclusion is reasonable 
considering the existence of crusted soil at both landing sites, 6000 lan apart. 

More studies that involve the comparison of remote sensing data are necessary to piece 
together a global distribution pattern of the crusted soils. High resolution IRTM data [18] now 
available will help improve these studies. The real key, however, to addressing most of the 
questions about the crusted soils is to understand how thermal conductivity of the surface materials 
and, therefore, how the IRTM thermal data is affected by a cement within the pores of that surface 
material. A more complete understanding of the behavior of thermal conductivity is essential in 
order to address questions of the distribution and formation of crusted soils. We are addressing 
this by measuring thermal conductivity under martian conditions. The laboratory set up is similar 
to that used by Cremers [19]. Initial experiments will be run using glass spheres in order to 
establish an ideal end-member sirnation for plymodal grain-sizes. The increased surface area of 
grain to grain contacts due to cementation will be simulated by the compaction of nylon spheres. 
These experiments using simulated samples will be followed by experiments using polyrnodal 
samples of actual minerals and experiments using samples of synthesized crusted soils. The 
objective is to determine how variations from homogeneity, both from polymodal mixtures of grain 
sizes and h m  cement will effect the thermal conductivity of soil samples under martian 
conditions, and whether the effects of the two can be distinguished. Lab efforts are being coupled 
with computer modelling of the thermal behavior of surface materials to determine how the 
variations in conductivity will translate into surface temperature and to asess the effects of 
nonhomogeneous situations, such as when a thin layer of dust blankets a layer of crusted soil. 
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