
LPS XXVI 1155 

MINERAL IDENTIFICATION FROM WELL-CALIBRATED MULTISPECTRAL IMAGING ON 
THE SURFACE OF MARS. 

R. J. Reid and R. B. Singer, Lunar and Planetary Laboratory, Space Engineering Research Center, 
University of Arizona, Tucson AZ 8572 1. 

Despite some very significant advances in our understanding of the surface composition of Mars since 
the Viking mission, there is still much that is not yet well understood, especially the mineralogic content of 
various rocks and soils [l ,  2, 31. Carefblly designed multispectral imaging in the silicon CCD region (0.4 
to 1.Opm) can provide excellent discrimination of spectral units as well as a surprising amount of 
mineralogic identification. The Imager for Mars Pathtinder (IMP), designed,and built at the University of 
Arizona, will be the next such instrument to arrive at Mars. It carries 13 filters specifically selected for 
investigating surface mineralogy, with a strong emphasis on ferric iron-bearing weathering and alteration 
products as well as unaltered mafic igneous rock (Table 1 lists the final bandpasses selected by the IMP 
team). 

We have used the IMP Engineering Model (EM) camera system in a simulated martian to refine 
spectrophotometric calibration techniques and to determine empirically the mineral identification 
capabilities of this sensor system. Note that the EM bandpasses are more limited than those of the 
upcoming Flight Model (Table 1). By using a variety of terrestrial analogs for martian rocks and soils, we 
can gauge Pathfinder's capabilities to identify minerals we expect to find on Mars, those we might hope to 
find, and those for which we have no a priori expectations. 

Most knowledge of Martian surface mineralogy has been obtained from ground-based and Mars- 
orbital spectroscopy. Such observations have demonstrated that the majority of martian spectral features 
can be accounted for by combinations of ~ e ~ - b e a r i n ~  phases (primarily oxides and possibly 
oxyhydroxides) and Fez'-bearing phases (primarily mafic silicates). ~ e *  is responsible for most of the 
features seen in the visible, most notably the Fe3'+02- charge transfers and ~ e ~ +  crystal-field absorptions 
diagnostic of mineralogy, which can extend out beyond 0.9pm. Fe2+ in iron-bearing silicates is responsible 
primarily for characteristic crystal-field absorptions near 0 . 9 - 1 p  [4]. Especially near -0.9pm there can 
be overlap of the Fe3' and Fe2+ spectral features, which can lead to ambiguities in interpretation [e.g. 5, 61. 
When Mars is observed spectrally from Earth or even from Mars orbit, there is a significant degree of 
additive mixing of a variety of surface spectral types, since the observation footprint is kilometers to 
hundreds of kilometers across. Surface-based multispectral imaging has the potential to more uniquely 
identify individual minerals and assemblages since the footprint is millimeters and centimeters in size. 

Previous surface-based multispectral imaging was provided by the Viking landers, which imaged the 
nearby surface through 6 rather broad spectral filters (FWHM -0.lj.m) with only 6 bits of data precision 
(compared to 12 for IMP). Spectral calibration of these Viking data proved very difficult, in part due to 
spectral leaks in the filters, and in part due to changing detector response with continued irradiation from 
the onboard RTGs. Perhaps the best calibration and spectral treatment of these data is in [7], indicating 
soil consistency with Hawaiian palagonite, unaltered rock consistency with basalt (or related mafic 
composition), and a hint of limited exposures more abundant in the crystalline ferric oxide hematite. 

For our tests of the IMP EM camera, several rocks and minerals were imaged outdoors in natural 
sunlight at a distance of about 5 q  including basalts, pyroxene, plagioclase, olivine, hematite, maghemite, 
palagonite, and nontronite, as well as a variety of naturally occurring sands, sediments, and rocks of 
potential geologic interest. Multispectral data were calibrated to absolute bidirectional reflectance using 
observations of well-known calibration standards and the empirical line method [S]. This calibration 
method, which will be used for IMP on Mars, has proven to provide excellent results. 
Several extracted spectra from the multispectral observations are shown in Figure 1. The pure bulk 
crystalline hematite spectrum is particularly distinct and recognizable. Among the features observed are 
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the sharp 'drop-off in reflectance from 0.6 to 0 . 5 ~  the 0 . 7 5 ~  peak reflectance, and the 0 . 8 6 ~  Fe3' 
crystal field absorption. Hematite-bearing weathering products (not shown) produce a somewhat subdued 
but still very identifiable spectral signature. A nano- or poorly-crystalline Hawaiian palagonite sample, by 
comparison, shows the characteristic Fe3' reflectance drop towards the blue, but without the distinct 
crystal-field absorptions of a bulk crystalline ferric oxide. The olivine spectrum is fiom observations of a 
terrestrial mantle inclusion (peridotite). The characteristic broad absorption centered near lpm is very 
evident and identifiable. The plagioclase reflectance is relatively high and flat, as expected, with a weak 
absorption towards the blue probably due to trace substitution of Fe3' in the crystal lattice. 

These few examples demonstrate our ability to calibrate sunlit near-field multispectral images, and 
extract sigtllficant diagnostic spectral information from them. The IMP flight filter set will be more 
complete and even more useful for mineral identification. At the same time it is clear that the silicon 
detector cut-off at lpm is an arbitrary and not very convenient ending point fiom a geologic standpoint. 
Continued coverage into the near-IR beyond lpm would be tremendously valuable, both to help resolve 
potential ambiguities in the 1-pm region, and to cover the diagnostic vibrational overtones of crystalline 
clay minerals, carbonates, and other species of interest. Such detectors could be used for future missions, 
such as Mars Surveyor. 
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