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In preparation for the start of Mars Observer operations at Mars later this year, Viking Infrared 
Thermal Mapper (IRTM) observations have been synthesized into a simple but geologically 
coherent conceptual model for use in establishing targets for coordinated Thermal Emission 
Spectrometer (TES) and Mars Observer Camera (MOC) observations. The model is based on three 
assumptions that are, at best, only partly true: that albedo is a measure of the presence or absence 
of dust; that thermal inertia is a measure of the weighted average particle size; and that rock 
abundance is a measure of the statistical thickness of fine sediment (i.e., that the observed areal 
abundance of rock reflects the whole or partial burial of rocks). Using this model, it is possible to 
show that, on the scale of 30 km, mantles of wind-transportable sediment (dust and sand) are at 
most about 1 m thick, and that on a global average such mantles are about 35 cm thick. 3.8 X 10'9 
cm3 of such sediment covers Mars equatorward o f f  60" latitude. Using the model, interpretation 
of digital maps of IRTM data focus attention not only on areas where dust is the primary sediment 
(e.g., Arabia Terra), but also on areas where sand is the primary sediment (e.g., eastern Valles 
Marineris) and where rocks and other coarse materials are abundant (e.g., eastern Kasei Vallis). 

Three IRTM data sets are used in the analysis: Viking 1 and 2 pre-dawn observations mosaiced 
into a global map of single-point thermal inertias at O.So/bin resolution, Pleskot and Miner's1 global 
albedo map using the best available, clear-period IRTM observations (l0/bin), and Christensen's2 
1°/bin rock abundance map. Uncertainty analyses indicate these data sets to be accurate to 5%, 
2%, and 20%, respectively. 

The assumption that rock abundance on Mars reflects the thickness of mantling fine material is the 
same as assuming that, in the absence of such mantling, the size frequency and areal density 
distribution of rocks would be the same everywhere. This is clearly a simplistic view, but one 
which may not be unreasonable at the scales and for the purposes of the analyses reported here. 
The areal density curve for the Viking Lander 1 (VL- 1) site is very similar to that derived for the 
Viking Lander 2 (VL-2) site, offset by linear scaling factor. Although it is clear that the 
mechanisms that create and transport rocks on Mars need not necessarily create the same size 
frequency and hence areal density relationships, it is not likely that the populations are radically 
dissimilar. Using IRTM observations to establish the maximum areal density of rocks 2 15 cm in 
diameter (=30%), a simple model using hemispherical "rocks" relates thickness of mantling 
sediment to the amount of a rock still exposed above the mantle. The use of cubical "rocks" 
changes the results only slightly. If the assumption that there is a single rock abundance function 
from which all surfaces evolve is incorrect (i.e., that some areas are intrinsically devoid of rocks), 
then the estimates made by invoking the assumption probably represent upper limits to the average 
mantle thickness. In areas of intrinsically fewer rocks, a thinner mantle is needed to reduce the 
visible rock abundance to the observed values. Greater abundances of fewer, larger rocks relative 
to smaller rocks may permit slightly thicker mantles, but both the 30% maximum rock abundance 
determined from IRTM investigations and studies of sizelfrequency relationships of boulders on 
Earth, Mars, and the Moon argue that this effect is likely to be of limited areal extent. 

Figure 1 shows sections of the four data sets used in the analysis: clockwise from top left are 
thermal inertia superimposed on a shaded relief map, a digital image mosaic of Viking Orbiter 
images, rock abundance, and albedo. The pictured area (Oxia Palus) is one believed to contain 
wind-transportable sediments (dust, sand, and possibly g r a ~ e l ) ~ . ~ .  In Figure 1, three "end- 
member" surface types are noted, although there are many surfaces that fall between these. High 
thermal inertia, low albedo, and high rock abundance (A) denote surfaces with rocks and a thin 
mantle of sand. Low thermal inertia, high albedo, and low rock abundance denote surfaces where 
rocks are mostly buried by dust. Surfaces with intermediate thermal inertia, low to intermediate 
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albedo, and intermediate to low rock abundance are interpreted to have rocks buried to varying 
degrees by sand; dust brightens the surface but is not a major component of the deposits. 

The model, consistent with previous analyses (e.g., Christensen's2v3 arguments that martian 
sediment mantles are between 0.1 and 5.0 m thick, with the preferred value between 1 and 2 m) 
can be used to make quantitative predictions concerning the thickness of wind transportable 
sediment that may be tested by Mars Observer. Refined thermal inertia and rock abundance 
estimates are targeted to be addressed early in the TES data analysis effort. One end of the rock 
population should be visible in MOC images, as should the additional effects of topographic 
concentration at higher spatial resolution. The Mars '94 and '96 descent and balloon imaging 
experiments should provide additional tests at smaller spatial scales. 
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