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Introduction: High spatial and spectral resolution imaging spectrometer data acquired by the 
ISM instrument aboard the Phobos-11 spacecraft have provided new information for the surface 
composition of Mars (1,2). Of the regions covered by these data, Syrtis Major is thought to have a 
strong possibility to have well exposed locally derived upper crustal material because it is a 
persistent low albedo feature. Also, analyses of telescopic spectra of this area has indicated the 
probable presence of pyroxene-bearing basalts (3) and that the pyroxene is augitic in character (4). 
Analysis of ISM data has confirmed these mineralogic inferences (2,5) and also indicated that the 
mafic mineralogy is homogeneous across the plateau, at the spatial and spectral resolutions of the 
ISM instrument (5). In this analysis, reflectance spectra of the Syrtis Major plateau will be 
examined in detail to derive estimates of the pyroxene composition for these volcanics. 

Spectral Analvsis: Details of data reduction and calibration are presented elsewhere (2,5). 
Spectra from across the volcanic plateau are presented in Figure 1 and in Figure 2 these same 
data are shown with a linear continuum removed to emphasize the shape of the mafic absorption 
features. The spectra shown in Figure 1 indicate a range of albedo and overall spectral 
continuum in the surface materials. However, from Figure 2 we observed that these different 
regions exhibit absorption bands that are comparable in position and shape. Although the relative 
strength of the bands and details in absorption band shape differ, there are two clearly defined, 
broad absorption bands in all the spectra with band minima at 0.97kO.01 and 2.15B.05 p. 
These two bands are unambiguous evidence for the presence of calcic-pyroxene on the surface and 
provide solid confirmation of previous observations (3,4). The small differences in band shape 
indicate additional mineralogic components are present. The spectra from eastern Syrtis Major 
have a higher albedo, are strongly sloped, and the 1.0 pm band is broadened to shorter 
wavelengths. This is interpreted to indicate mixing with a ferric oxide component that is associated 
with the volcanic substrate as a thin coating (e.g. 6). The lower albedo spectra from western and 
central Syrtis Major lack these features indicating less femc oxide and little or no coatings. There 
are two distinct inflections at 1.1 and 1.35 p in these data that suggest additional mafic minerals 
such as olivine and mafic glass, or ~ e 2 +  crystal field absorptions in the M1 site of pyroxene (7). 

Estimates of Pyroxene Composition: Reflectance spectra of pyroxenes exhibit variations in the 
wavelength position of the absorption band minima centered near 1.0 and 2.0 pn that are system- 
atic with composition (8,9,10) . These studies provide a framework for deriving estimates of the 
pyroxene chemistry for the surface of Syrtis Major. For this analysis we have drawn on the recent 
work of (10). In the band 1 vs band 2 plot shown in Figure 3a, the band minima from Syrtis 
Major plot squarely within the calcic-pyroxene field, again confirming the dominance of this 
mineral phase on the surface. In Figure 3b and 3c, the 1.0 pm band minimum is used to derived 
estimates of the major element chemistry h m  generalized schematic representations of the chemi- 
cal composition vs pyroxene band minima plots of (10). From these plots, we estimate the 
Ca/(Ca+Fe+Mg) ratio as 0.275M.075 and the Fe/(Fe+Ca+Mg) ratio as 0.3kO.1. Essentially the 
same values are obtained from analysis of the 2.0 p band. These estimates can then be used to 
plot the mineral composition on a pyroxene quadrilateral (Figure 4). This field lies between the 
pyroxenes augite and pigeonite. Since pyroxenes of such a composition are unusual, this may 
indicate a mixture of augite and pigeonite, probably as intimate exolution lamallae. Overlapping 
absorptions in pyroxenes that occur as frne exsolution lamellae are difficult to distinguish and will 
require further analyses using a more sophisticated technique (1 1). 
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Figure 1. Spectra of major surface units in Syrtis Figure 2. Same spectra as in Fig. 1 with straight line 
Major. El and E2 are from eastern Syrtis Major, and W continuum removed. 
and C are from western and central Syrtis Major 
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Figure 3. Generalized schematic adaptations of figures 
13 (a), 8 (b) and 4 (c) from (10) showing variations in 
major ~ e ~ +  absorptions with chemistry in pyroxene. In 
(a) (covariance of the 1.0 and 2.0 pm band minima) the 
major ortho- and clino-pyroxene fields are indicated. 
Pyroxene band parameters for Syrtis Major are plotted 
with error bars on each of (a), @I), and (c) 

Figure 4. Estimate of pyroxene chemistry for Syrtis 
Major derived from ISM data and Figure 3 plotted on the 
pyroxene qua&i&eral. 
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