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The detailed nature and physical structure of the martian surface has 
been observed directly only at two lander sites, with observ~tions providing 
resolution as fine as a few millimeters over about 5 x 10- percent of the 
surface. Remote-sensing observations, on the other hand, provide information 
on the centimeter- to meter-scale structure of the surface on a global 
basis. We compare the properties of the two lander sites, as observed 
directly and as inferred from remote-sensing data, with global properties 
inferred from remote-sensing observations; this will a1 low us to determine 
whether the observed properties at these locations are representative of the 
entire surface, and whether the entire range of surface processes extant are 
represented at the two lander sites. 

In-situ observations at the lander sites show a boulder-strewn surface 
with abundant fine material, and they show evidence for the abundant 
occurrence of aeolian processes. The VL-1 site contains numerous large drifts 
of fine material, in some cases encroaching on and partly covering up large 
rocks and what appear to be outcrops of bedrock; although it has abundant 
fines, the VL-2 site has none of these large drifts. Trenching operations 
show that the fine material beneath the surface at both sites is darker than 
the surface, suggesting the presence of a thin veneer of bright dust at the 
surface. In addition, deposition of additional dust onto the surface was 
observed after the global dust storms, in amounts sufficient to change the 
reflectance of the surface; this added dust appears to have been eroded away 
at VL-1 in a subsequent year. A duricrust is present at both lander sites, 
consisting of a case-hardened bonding together of the fine material. Due to 
the high salt content within the duricrust at both sites, it is likely that 
the salts act as the cementing agent to hold the grains together. 

Remote-sensing observations of Mars, including of the regions which 
contain the two lander sites, have been made from the Viking Orbiter using 
thermal infrared, broadband a1 bedo, and color imaging techniques. 
Observations from Earth have been obtained using radar and spectral 
reflectance techniques. Although the spatial resolution element in each case 
is greater than several kilometers, each measurement is sensitive to the 
properties of the uppermost meter or less of the surface. Viking orbiter 
images suggest that the regions containing the lander sites are homogeneous at 
scales up to tens of kilometers; we can therefore compare the remote-sensing 
observations with what is seen in the immediate vicinity of the landers 
themselves. 

Each of the remote-sensing data sets provides a somewhat non-unique 
interpretation of the nature of the surface. For instance, spatial variations 
in the surface thermal inertia can be explained equally well by variations in 
the particle size of a homogenous surface, variations in the abundance of 
rocks covering the surface, or variations in the degree of formation of a 
bonded duricrust. By examining all of the available data sets, we can use the 
various constraints placed by each of the data sets to better describe the 
nature of the surface. Globally, the analyses which most constrain the 
surface are the abundance of surface rocks as estimated by thermal-infrared 
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spectral observations, and the correlation between the thermal inertia and the 
radar cross section. 

The fact that the thermal inertia correlates with the radar cross section 
indicates that the process that causes the thermal conductivity to vary 
spatially also causes the bulk density to vary spatially. Packing geometry or 
particle size variations cannot explain the variations, but they can be 
explained either by a spatially-varying duricrust or by a varying abundance of 
small rocks mixed in with the fine material. In the latter case, up to 50 % 
of the surface would need to be covered by rocks in the regions of high 
thermal inertia. The estimates of rock abundance provided by infrared 
techniques indicate, however, that the surface rock abundance is nowhere high 
enough to explain these observations; additionally, they indicate a unimodal 
distribution of rocks rather than a bimodal distribution that would explain 
the distribution' of thermal inertia. The simplest geologically-plausible 
explanation for these data is that the surface of Mars is covered by fine 
material that is unconsolidated in some places and has in some places been 
bonded together to form a duricrust. Rocks are present on the surface 
everywhere, but their abundance does not change drastically from place to 
place and they generally do not cover a significant fraction of the surface. 

The fact that the thermal inertia correlates well globally with both the 
12.5- and 70-cm radar cross section suggests that the duricrust in regions of 
high thermal inertia dominates the uppermost meter of the surface. 
Observations of the VL-1 site show that region to fit into the general 
correlation of thermal inertia with 12.5-cm radar cross section, but to not 
fit the correlation with 70-cm cross section. Therefore, that location 
appears to have a duricrust that dominates the uppermost ten centimeters but 
does not dominate the uppermost meter of the surface. This appears to be 
consistent with the observations at the site which show it to have a 
relatively thin and variable duricrust. The VL-2 site is too far north to be 
examined by Earth-based radar. Both lander sites have a relatively high 
albedo and do not fit the general trend of albedo with thermal inertia, 
suggesting that there is a thin layer of bright dust overlying the surface. 
Again, this is consistent with the lander imaging of these locations. 

Regions which do not fit into the general trend of albedo with thermal 
inertia are Chryse, Utopia, Hellas, Argyre, and Isidis. Notice that these 
regions are all low-elevation basins. Because the landers were targeted to 
low regions, they were therefore destined to land in an anomalous region. The 
lander sites appear to be intermediate in properties and processes between 
classical bright and dark regions of the planet. Deposition of dust onto the 
surface occurs globally each year. Dark regions remain dark because dust is 
rapidly removed after the annual dust storms. Bright, low-inertia regions 
retain the dust over a longer time, accumulating it to a thickness of at least 
several centimeters. The VL-1 site retains enough dust to raise the albedo, 
but the dust is removed before it becomes thick enough to dominate the surface 
morphology and thermal behavior. Thus, the VL-1 site differs primarily due to 
the timescale on which dust deposition and removal occurs. It may be a region 
of incipient formation of a low-thermal-inertia surface. 
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