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THE SIGNIFICANCE OF ROCK ABUNDANCES AT THE VIKING LANDER SITES: IMPLICATIONS 
FOR MARS PATHFINDER AND SURVEYOR LANDERS; 
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INTRODUCTION. Several missions are planned to Mars in the coming years that will place a variety of 
instrumented landers on the surface [Mars Pathfinder, Mars Surveyor, Mars 961. In preparation for selection of 
landing sites, engineering considerations, and science goals, it is desirable to estimate the physical 
characteristics of the surfaces. Rock abundances on the surface are an important consideration for both science 
issues and site hazard estimation. Almost any potential hazard may be accommodated in engineering designs, 
but at the cost of size, weight, and complexity of the lander. The ability to do science at the lander sites is 
governed not only by the ability to function in the environment, but also by the ability to interpret the 
significance of the observed surface. There is currently very little knowledge, and no viable models of the 
geologic significance of rock populations, although recent efforts to understand the Mars Pathfinder site have 
spurred renewed efforts to address this issue [1,2]. In this study I review the characteristics of the rock 
abundances as observed at the Viking Lander sites, discuss some models for the physical distribution and 
origin of rock populations, and address the possible significance for proposed landers and rovers. 
OBSERVED ROCK ABUNDANCES. Estimates of the fractional area covered by rocks have been made for most 
of the surface of Mars based on Viking Orbiter IRTM [7] data and supplemented with estimates derived from 
Earth-based radar observations of a few areas [3]. These data are useful, but are unrevealing as to the physical 
characteristics and size distribution of actual rocks. Knowing whether the rocks are mostly small but very 
abundant, or mostly large and relatively less abundant is important in preparing for landing and surface 
operations. Actual observations of the rock abundances [4, 51 are available from two sites, the sites of Viking 
Lander 1 and 2. These may provide a primary means of making educated inferences about future sites, 
provided a quantitative basis can be demonstrated for probable rock distributions. The two sets of data for the 
rock abundances at the Viking Lander sites are shown in Figure 1.  The data from Gamin et al. [4] represent 
measurements of 240 rocks at Viking Lander 1 and 210 rocks at Viking Lander 2 occurring betweem -2 to -4 
meters of the landers. I have converted these data to fractional areas, which is most useful for site evaluation 
criteria. Although reported in large bins, the data may be used to provide an estimate of distributions. The data 
of Moore et al. [5] represent finely-binned measurements of 421 rocks at Viking Lander I and 486 rocks at 
Viking Lander 2 within an area of -84 m3 at both sites. Differences in these two data sets may reflect 
differences either in the absolute areas counted or treatment of rock dimensions in arriving at individual rock 
diameters reported. In addition, Moore et al. included more of the far-field surface in their measurements, so 
the differences may reflect variations in the surface abundance over small areas. Precise determination of the 
absolute values are probably less important, however, than the slope of the exponential curves. Similar slopes 
to the distributions are derived from both data sets. Numerical approximations of the data of Moore et al. fitted 
to a power law distribution have been reported previously [6], but an exponential form may be more 
appropriate (Fig. l), as also has been reported recently [1,2]. Although the exponential model provides a good 
fit to the observed distribution over most of the size range, the abundance of large rocks is over estimated, 
suggesting that actual rock distributions are governed by more complex relations. A fourth order polynomial 
provides a better fit, including the roll over at large rock diameter. The significance of the dearth of large 
blocks and the fourth order polynomial form of the distribution remains to be evaluated. 
ORIGIN OF DISTRIBUTION LAWS Many natural processes involving fragmentation are characterized by power 
law size distributions. However, rocks on the surface of Mars, and on Earth [I] more closely follow an 
exponential law. Examination of additonal models remains to be done, but one model that appears promising is 
that the exponential distribution of rocks on natural surfaces is inherited from intrinsic joint distributions. Joints 
may define coherent blocks when excavated by impact or exposed by weathering resulting in geometrically 
distributed sizes of surface rocks. Jointing measured in vertical sections of basalt flows [8] and in natural 
outcrops over a variety of other lithologies frequently are characterize by geometrically increasing joint 
spacings with depth. Application of this distribution to an hypothetical section duplicates most of the observed 
rock size distribution behaviors observed, including large diameter roll over. 
PHYSICAL DISTRIBUTION OF ROCKS AT LANDER SITES.  Based on the reported data, several models of the 
surface distribution at a hypothetical lander site are shown in Figure 2. These are constructed applying an 
exponential distribution with a slope approximated from Figure 1. Although a fourth order polynomial rock size 
generator would be more appropriate for large diameters, the number of large rocks is low in any model within 
the probable rock areal abundances for most of Mars. The spatial distribution of rocks was derived by 
application of a simple random number generator. More sophisticated distribution models should include 
variations in abundance created by local impact cratcr ejecta. 

Implications for a lander or rover may be assessed from Figure 2, where a 10 m radius circle is shown 
appropriate for the nominal mission of Mars Pathfinders rover (Sojourner). For the most benign rock abundance 
(4% fractional coverage), landing hazards are few, but rocks within the immediate field are so small that few 
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opportunities may present themselves for investigation of detailed characteristics, including grain size, rock 
structure, and other factors of petrologic interest. At the larger abundance range (16%), landing hazards are 
few, but many interesting groupings of blocks, including large blocks are present that are perhaps more 
suitable for APX analysis and related investigations that depend on availability of large rock faces or edges. 
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Figure 2. Application of an exponential size distribution 
I " ' I  model to an area around an hypothetical lander on  Mars. 
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