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Near-IR Spectroscopy of Mars Some of the most direct information about the composition of crustal 
igneous materials on Mars comes from near-infrared reflectance spectroscopy, which is sensitive to ~ e ~ +  in 
pyroxenes and olivine [e.g. 121. Systematics for pyroxene composition vs. the position of the two diagnostic 
F&+ absorption bands were published by Adams [2]. Pyroxene was first detected on Mars by Adams and 
McCord [3] based on detection of a weak band near lpm observed for low-albedo regions. Since that time 
many additional observations of low-albedo regions have been made by various researchers, consistently 
showing a l-pm band. Spectroscopic data from 0.65-255pm obtained in 1980 by Singer et al. [4] include a 
number of spectra of low-albedo regions in which for the first time both l-pm and 2-pm pyroxene bands were 
apparent. An analysis of these data was presented by Singer and Roush [5] and has been updated here. 
Observations of four low-albedo regions were analpxi, each covering a spot on Mars about 600km in 
diameter (the two Syrtis Major specua from different nights cover slightly different locations). Positions of 
observed pyroxene bands were found by dividing out linear continua independently across the 1-pm and 2-pm 
regions of each spectrum. Polynomials were then fit to each continuum-removed band, and the minimum 
determined by first derivative. In the 1-pm region this process is straightforward. There is greater uncertainty 
in the analysis of the 2-pm region because of absorption by atmospheric C02 on Mars. Therefore the 2-pm 
polynomial fit is based only on those wavelengths at which C02 does not absorb significantly. Figure 1 shows 
the Mars band-position results overlaid on the Adams [2] plot of 1-pm vs. 2-pm band positions for a wide 
variety of terrestrial pyroxenes. Uncertainty in the Mars results is shown by boxes. Hesperia yields pyroxene 
compositions with 10-20% Ca (of total Ca+Mg+Fe) and 50-60%0 Fe. Syrtis Major 4/8 indicates 20-30% Ca, 
the highest of the group, with Fe greater than 40% (and possibly much more). Iapygia is consistent with as 
much as 85% Fe, with low Ca. These compositional results are displayed graphically in the Mg-Fe-Ca 
pyroxene tetrahedral in Figure 2, where the shaded region represents the overall range of pyroxene 
compositions consistent with these Mars spectra. Newer telescopic specual images obtained during the 1988 
Mars opposition by Singer et al. [q provide thousands of regional observations of l-pm band center positions, 
but did not cover the 2-pm region. Most dark regions in that data set have a pyroxene band centered variably 
between 0.93 and 0.97pm. Mars-orbital near-infrared spectral imaging (0.76 to 3.1@m) was obtained for 
some regions on Mars at high spatial resolution (< lOkrn) in 1989 by the ISM instrument onboard the Soviet 
Phobos 2 spacecraft. Preliminary analysis of these data presented by Murchie et al. [q and Mustard et aL [8] 
conlirm the presence of ~ e ~ +  pyroxene bands near 1 and 2 pm, in good agreement with the results discussed 
here. 
SNC Meteorites A small and diverse group of igneous meteorites, collectively called the "SNC" meteorites 
(for shergottites, nakhlites, and chassignites), are now generally thought to be martian samples. AU of these 
meteorites have apparent crystallization ages of 1300 m.y. or younger. Literature published on the 
mineralogy, petrology, and chemistry of the SNC meteorites has been reviewed by McSween [9]. McFadden 
[lo] published visible and near-IR laboratory spectra and pyroxene band analyses for powdered samples of a 
number of SNC meteorites. The Shergotty spectrum is dominated by a clinopyroxene signature, with F&+ 
band minima located at 0.975pm and 21@m These plot near the center of the band-band diagram in Figure 
3 (S=Shergotty) indicating a relatively high-Fe, medium-Ca augite composition. ALHA77005 plots above the 
pyroxene trend in the band-band diagram in Figure 3 (A=ALHA77005) indicative of abundant olivine 
shifting the 1-pm band position to longer wavelengths than characteristic for a pure onhopyroxene. The 
reflectance spectrum for Nakhla shows a combination of olivine and clinopyroxene features and plots just 
below the high-Ca clinopyroxene trend in Figure 3 (N=Nakhla). Chassigny, as expected from its modal 
composition, shows a spectral signature of nearly pure olivine and is therefore not plotted. 
Comparison of Mars and SNC Meteorites A comparison of Figures 1 and 3 shows striking agreement 
between the pyroxene locations from telescopic observations of Mars and that of Shergotty [lo]. The shaded 
region in Figure 2 shows the approximate range of pyroxene compositions interpreted from telescopic 
spectroscopy, the solid dots represent individual microprobe analyses of pyroxenes in Shergotty. The 
agreement is good at the high-Fe end of the Shergotty distribution. Spectroscopic observations analyzed in 
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the manner d e s c r i i  here do not differentiate individual pyroxene trends but rather yield some "optical 
average" composition. Shergotty is unequilibrated, with pyroxene crystals zoned from lower-Fe cores to high- 
Fe rims. Spectroscopic observations are likely to sample the rims preferentially. This is exactly what is seen in 
laboratory spectrum of Shergotty itself, which when analyzed like the telescopic data plots within the shaded 
region in Figure 2 In the 1-pm region ALHA77005 is consistent with measurements at many locations on 
Mars [e.g. 61 but without information about the diagnostic 2-pm region a unique identification of this 
orthopyroxene-olivine assemblage is not possible. Nakhla is clearly not consistent with current remote 
observations of the martian surface, nor has a spectral analog of Chassigny been observed. 
Discussion Given the complexity of igneous processes on a large planet it would be simplistic to think that 
the martian crust consists only of rocks like Shergotty. Nevertheless the strong s p e c t r ~ ~ ~ ~ p i c  similarity 
between Shergotty and various nearequatorial dark regions is of particular interest, since this meteorite is 
inferred from petrologic evidence to have formed as a surface flow or near-surface cumulate [9]. Spectral data 
in hand imply that basalt5 with a Shergotty-like composition might be commonly exposed at the surface. 
Given that nakhlite-chassignite cumulates formed within the crust they are less likely to be observed on the 
surface of Mars except possibly in localized areas where the uppermost crust has been breached. Orbital near- 
IR spectral imaging with high spatial resolution (- lkm/pixel) is necessary to detect such exposures. 
Volcanism on Mars continued throughout most of the planet's history. The oldest remaining crust and 
volcanic flows are preserved in the ancient highlands, dating back to about 3.9 b.y. The SNC meteorites are 
comparatively quite young (1.3- 0.2 b.y.). Many observations of pyroxenes on Mars (consistent with 
shergottite-like basalt compositions) have been in low-albedo regions located in the ancient highlands. It 
seems probable that some (if not most) of these low-albedo surface exposures consist of locally or regionally 
derived materials. If that is true we are spectroscopically sampling rather ancient basaltic crust, and 
constraining it to be compositionally similar to the more recent crust sampled by the shergottites. 
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