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From February 8 up to march 25, 1989, the french imaging spectrometer, ISM, 
operated from the martian orbit, on board the soviet Phobos 2 spacecraft. The main 
caracteristics, operation modes, data set acquired have already been presented (1,2). This 
instrument acquired about 40,000 spectra of the surface of Mars, in the spectral range 0.76 up 
to 3.14 pm. More than 10 millions of km2 have been mapped, with a resolution of 20 x 30 
km2.. All regions are located close to the equator (latitude < 25'); they cover essentially the 
western hemisphere, in the Tharsis and Valles Marineris area; in the eastern hemisphere, Isidis 
Planitia, Syrtis Major and the south of Arabia Terra have been partly mapped. 

In companion papers, we present some of the specific results obtained, 
concerning surface properties in the region of Mars including Syrtis Major (3,4), atmospheric 
measurements (5) and observations of Phobos (6). In this paper we present some general 
results concerning the surface of Mars. 

The hydration of the surface appears as an intense absorption feature, above 2.7 
pm. The albedo, this hydration feature and the slope of the continuum exhibit large variations 
(more than 10%) on the surface, at every scale down to our resolution. Other important 
signatures, such as the silicate signature, have intensities of 10% or less, which vary by a few 
percents. Fortunately, the instrument provided signal/noise ratios higher than 200 in a very , 
large part of the spectrum, reaching 1000 for one third the spectral range. Nevertheless, at this 
subpercent level, care should be taken to characterize all possible effects that might lead to 
erroneous interpretations of surface properties. First af all, atmospheric signatures of all major 
and minor constituents need to be identified and separated from surface signatures. As an 
example, most carbonates, when observed in laboratory spectra, exhibit two spectral bands, 
centered around 2.35 and 2.51 pm. These positions correspond to that of the major spectral 
band of CO and atmospheric water, respectively. Consequentely, one has to remove the 
atmospheric contribution before inferring the presence of carbonates at the surface of Mars. A 
usefull criterium is the correlation with the C02 band, linked to altimetry. The area in which, 
most clearly, a surface signature appears at 2.51 pm, is the east part of the region extending 
from Ascraeus up to Lunae Planum: this feature is clearly not associated with the lava flows, 
but is concentrated in the much older regions of the highly cratered Lunae Planum region. If 
further studies codiirm that this spectral feature can be attributed to carbonates, then these 
minerals were formed very early in the evolution of Mars, prior to the large volcanic activity. 

An additional atmospheric contribution to be taken into account concerns the 
presence of airborne dust, characterized by a much bluer color than that of the average surface 
of Mars. At present, the exact dependence of this contribution with wavelength is not 
completely determined. The present evaluation is a few percents at 3 ym, up to 15 percents at 
1 pm. 
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The surface of Mars appears to be very heterogeneous for all spectral criteria. In 
particular, albedo variations by large factors, of up to 3, are observed, on a scale close to, or 
even lower than our pixel size (a few tens of km). The largest variations we measured concern 
the Syrtisflsidis boundary, as well as the Valles Marineris canyon/plateau contrasts. Such large 
albedo gradients give rise to a significant problem linked to the registration of different spectral 
channels. If the instrument were optically perfect, two contiguous channels would image the 
same area. Actually, the two image areas are slightly shifted relative to one another by up to one 
tenth of the pixel size. When imaging highly contrasted regions, such shifts result in intensities 
variations, that might be misleadingly attributed to spectral signatures. 

Although albedo variations are not systematically correlated to compositional 
ones, there is a general trend that higher albedos seem to correspond to dust deposits on the 
surface, and might be used to map their surface distribution. This is in particular clear in the 
case of Syrtis/Isidis, when the same material observed in the bottom of the Isidis basin extends 
towards the south of Elysium with no marked albedo contrasts. However, these regions differ 
when characterized using other spectral criteria: depth and position of the silicate band, strength 
of the hydration feature (3). 

All observed spectra exhibit the silicate feature centered around 1 pm. However, 
the precise wavelength of the band center, as well as the shape of the band present significant 
variations. While the absorption feature is generally centered between 0.85 and 1.0 pm, it is 
observed, in some regions, at a position of 1.05 j.un. Only a few silicates have a band centered 

' at that position, in particular Ca-rich ones. Olivine, which also exhibits a band centered around 
1.05 pm, extends to much higher wavelengths than in our spectra. A good fit could be 
provided by amphiboles. 

In conclusion, the martian surface appears highly heterogeneous in the near 
infrared: albedo, hydration, colour, silicate feature. However, the ISM experiment shows that 
variations at a level of a few percents or less yield important scientific results, even with the 
limited spectral resolution of ISM. It demonstrates the potential of near-infrared imaging 
spectrometry for characterizing planetary surfaces. 
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