
LPS XXVII 

ROVER MOBILITY AND SAMPLING STRATEGY ON MARS : THE CASE FOR 
GUSEV CRATER. N.A. ~abro l ( l )?  E.A. ~ r i n ( l ) ,  V.C. ~ul ick(l) ,  C.P. McKay, R. ~ r ee l ey (~ ) ,  M. 
~ i m s ( ~ ) ,  and G. ~ r i ~ g s ( l ) .  (1) NASA ARC, Space Science Division ; (2) Arizona State University, 
Department of Geology ; (3) NASA ARC, Intelligence Mechanism Group. 

Rover Mobility is a fundamental aspect of future missions to Mars : it provides access to sWc 
locations of interest and, at those sites, enables systematic field work. In general, the questions that can be 
addressed are a function of the roveis range [l] as will be exemplified here by a representative site of interest, 
Gusev crater. Because, on Mars as on the Moon, material has been excavated from various depths by impact 
craters, mobility allows the search for, and sampling of, material that can elucidate the stratigraphy of a region 
without visiting all the representative contacts. As such, mobility can in many cases replace the need to drill 
into the subsurface of Mars. This is particularly important in regions of special exobiological interest. The 
case of Gusev crater is considered because it is generally representative of the kind of sites that have a complex 
history of fluvio-lacustrine processes : such sites are of the highest priority for exobiology exploration 
[2,3,4,5]. High priority goals are to understand pasr climate conditions, to identify sedimentary deposits, and 
to identify buried organic materials and potential microfossils [6,7,8]. 

We examine the relationship between surface range of mobility and scientific return with increasing 
distance from a particular landing site within Gusev. Gusev is 150 km accross and the target is a 20 km 
diameter crater within Gusev. In this study, we assume a more accurate landing than currently admitted with a 
short error ellipse. A larger error ellipse would require even more mobility to reach the target. The main goal 
is to obtain samples from the oldest aqueous sedimentary layers which can only be reached on this target. 
Specifically we examine what science return can be expected from a fixed lander with 1 m reach and then, one 
magnitude at a time, increase range by five orders of magnitude. Such a strategy should eventually provide 
access to terraces, impact craters, and outcrops, allowing the collection of representative samples of underlying 
horizons beneath the floor of Gusev and the selection of optimum drilling sites. Such sampling should 
provide insight into the depositional and possibly also the climatic history of this region. 

Mobility as the key for the characterization 

This study focuses on a 20 km diameter impact crater within Gusev crater (13°Lat./183010ng. in the 
Aeolis region), 55 km east of the outlet of Ma'adim Vallis. Topographic data show that this site is one of the 
deepest points inside Gusev and therefore one of the most likely to have experienced long term ponding and 
sedimentation [5]. The site displays a smooth floor assumed to be composed of aqueous sedimentary deposits 
dating from the Hesperian era, small impact craters, shorelines, debris material from the rims, terraces, and 
enigmatic dark albedo patches. To document this site, we used a 35mlpxl resolution image obtained by 
subpixel resolution techniques [9] and designed a traverse for a mobile laboratory with the capabilities planned 
for Marsokhod [10,5]. The mission objective is to determine the stratigraphy of the site and reach swc 
locations, identified from Viking images, to perform exobiology experiments. We wish to establish how an 
increase in range from the middle of the crater makes a Merence in what can be learned : 

1 meter (reach<< present orbital imaging resolution) : this is the distance reached by an arm to perform 
superjficial sampling e.g. the Viking station configuration. As Viking showed, it is possible to carry out 
geochemical, biochemical and geological investigations with soil sampling, and with panoramic views and 
stereoscopic images but the insight is limited to the most recent local units. The probability that several 
main units intersects in a so close area is negligible. Thus, the ability to fmd a favorable unit to sample 
material to address exobiological questions is related to chance and not design 

10 meters (- present resolution) : only modest improvement is predicted The probability of reaching 
another geological unit is low and for our target, no impact craters are observed at 35mlpxl resolution close to 
the landing site. Thus, there is little likehood of deriving stratigraphy from ejecta sampling. 

100 meters (> resolution) : still the possibility of ejecta sampling is low. With such mobility, 
however, we can deploy an antenna capable of making radar measurements to obtain a first view of the 
subsurface. A precise identification of the underground profile is unlikely ; the goal would be to locate 
volatile-rich subsurface materials that would be of prime importance for exobiology. Although the 
identification of the nature of blocks and rocks is possible, reconstruction of the local history remains 
problematical. 

1 km : from this distance of the landing site, there are several impact craters ranging from 0.3 and 0.5 km 
in diameters which allow samplulg material from depths of about a hundred meters and thus allows the 
beginning of a stratigraphic reconstruction. Associated geochemical spectrometry, and grain-size analyses 
address the ques tion of 
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origin and agents of transportation and deposition. With such a mobility, we can start to reconstruct the 
history of the site. To complement the sampling and help sequencing, the rover can be sent to the rim to 
image the crater-bowl. 

10 km : within 10 km, the rover can reach the terraces, the possible shoreline features, the debris slope, 
and the dark albedo patches. By increasing the range by a factor of 10, we have reached the point where we can 
obtain an insight into billions of years of local geological and possibly climatical history investigated by 
imaging and analysing samples collected at specific sites in different stratigraphic layers. Finally, we 
anticipate that the rover can perform experiments in the most ancient aqueous sedimentary layers of the site 
which represent environments most favorable both to the initiation of primitive life and to the preservation of 
possible evidence of biotic or prebiotic processes. 

Mobility as a drilling tool 
Unlike the Earth, Mars has evidently not experienced plate tectonics and folding thus, access to strata as 

opposed simply to deep ejecta is generally problematic outside Valles Marineris. The configuration of 
accumulated multiple layerings only occasionally leads to exposure by erosion. In a Viking mission 
configuration, the geologist was constrained to analyze a limited area def~ned by the panoramic imaging and 
had access only to superficial layers. Trenching by the arm provided a view of only a few decimeters of the 
subsurface and could not provide knowledge about deeper levels. Explorating our target with at least a 10 km 
range rover can provide substantial vertical access at the terraced walls of the 20 Inn imapct crater and through 
the systematic examination of small impact craters ejecta. Thus, in this case a rover with a capability of 
travelling tens of kilometers provides systematic sampling and depth information beyond any drilling 
techniques we can credibly imagine. 

We note that in gaining access to sites of interest there are trade-offs to be made between accuracy of landing 
and range of mobility. Today, we need major improvement in both : landing ellipses are several hundred 
kilometers in size down range and mobility for the 1996 Pathfider mission is 10's of meters. For the study 
of exobiology goals that are central to NASA's Mars Surveyor Program we believe on the basis of this 
representative study that landing accuracy and surface mobility must be on the order of teas of kilometers. 
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