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CONTINUOUS GEOCHEMICAL SURFACE MONITOR AND HAZARD DETECTOR 
FOR A MARS ROVER. B. C. Clark and M. G. Thornton, Planetary Sciences Laboratory (0560), Martin 
Marietta Denver Aerospace, Denver, CO 80201. 

Semi-autonomous rovers are proposed both for exploration missions to Mars and for sample return missions (for 
collection of samples from a variety of geologic settings). In the former case, a large number of instruments for in 
situ analyses will be required. Geochemical analyzers for measuring the elemental, mineralogic, and petrologic 
character of rocks and soil units will be a high priority. In the latter case, these analyses can be made instead in 
laboratories on Earth, yielding data whose scientific value is greater by a factor approaching infinity. Nonetheless, 
there are compelling reasons for including a simple geochemical analyzer on a sample-return mission. First, it would 
provide a method of scanning individual samples that goes far beyond what imaging alone can discern about their 
importance. The probability of successful identification of exotics and repeats would be greatly enhanced. Second, it 
can obtain such information at a low data cost. Thus, it will be possible to telemeter a one day log of 320 
compositional information measurements taken along the surface for less than 2 % of the data allocation required for 
a single 5 Mbit picture. Third, an adaptive mode can be used to provide autonomous decision-making should the 
traverse include a patch of "interesting" material. Using a set of built-in expert rules, the rover could interrupt its 
planned sequence to take a sample before continuing. Fourth, the technique can be used to monitor the terrain for 
sudden changes to detect the presence of potential hazards. Fifth, in the event that the complex sequence of events 
which must occur to transport collected samples intact to the surface of the Earth were unsuccessful, valuable 
geochemical data would still have been obtained. Sixth, confirmation of sample identification might be enhanced by 
having both picture and geochemical signature data available for each material collected. 

The geochemical surface monitor would involve both a high pressure, high detection efficiency Xe-filled 
proportional counter and a Si(Li) solid state detector. The latter must be operated at low temperatures to reduce noise 
and achieve optimum performance. Although the ambiant air temperature reaches very low temperatures, - -90°C., at 
late nightime on Mars, the daytime values are much higher, - O°C., than required. Recently, therrnoelecQic cooling 
has successfully been integrated with a specially designed device of this type to provide a miniature, all-electric sensor 
operating internally at -73' C (1). Such a device may be capable of surviving heat sterilization, but chemical or 
radiation methods of eliminating the biotic load are preferable. A spectrum of a basalt standard, BHVO- 1, is shown 
in Figure 1. The energy resolution of this detector is >10 times superior to that of the proportional counters used in 
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Fig. 1. X-ray fluorescence spectrum of BHVO-1, using cooled Si(Li) detector. 

the XRFS instrument (2) on the Viking mission. In situ measurements using such a device should allow, for the 
first time, the determination of such trace elements as Mn, Ni, Sr, Zr, and possibly Cr, Cu, Zn, K, and Na. 
Correlation with the known chemical characteristics of certain SNC meteorites, widely hypothesized as possible 
samples of Martian rocks, will be possible at a level of discrimination beyond that of any data from Viking (3) or 
likely to come from the Mars Observer mission. It does not accomplish, however, rock petrologic relationships and 
the measurement of isotope systematics, especially oxygen, which will be a critical test of such a hypothesis and can 
only be done properly in laboratories back on Earth. 
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A system has been developed for automatic terrain contour detection using a high-activity lo9cd x-ray source and 

the Xe proportional counter tube. The unit can be fix-mounted to view the surface, or could be held by a manipulator 
arm, assuming one is available on the rover. Ranging is accomplished by monitoring the backscattering of the 22 
keV primary emission from the radioactive source. Signal intensity is approximately dependent on the square of the 
distance to the collimated pattern of the source on the surface. Laboratory experiments with selected objects has 
successfully demonstrakd the detection of positive obstacles (e.g., a mound or rock) as well as negative obstacles 
(trench, cliff, hole), as shown in Figures 2 and 3. During the continuous monitoring of the terrain backsactter 
signal, the counter can also determine levels of certain elements, such as Fe, K, Ca, and in some cases Sr. A 2 4 1 ~  
radioisotope has also been used, because of its higher scattering efficiency, but elemental compositional monitoring 
is not feasible with this source. 
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Fig. 2. Detection of a positive obstacle using the x-ray hazard monitor. 

Fig. 3. Detection of a cliff using the laboratory prototype system. 
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