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DETERMINING THE COMPOSITION OF MARS: VIBRATIONAL SPECTROSCOPY OF THE ZAGAMI 
METEORITE; V.E. Hamilton and P.R. Christensen, Department of Geology, Arizona State University, 
Tempe, AZ 85287-1404. 

Abstract. Zagami is a fine- to medium-grained basaltic shergottite primarily composed of pyroxene 
and maskelynite. If this meteorite represents a piece of the martian surface, as proposed by previous 
workers, then it can provide information about some of the most recent igneous processes on Mars. The 
Mars Global Surveyor spacecraft will carry the Thermal Emission Spectrometer for spectral mapping of 
the martian surface. We apply this technique by comparing the infrared spectrum of Zagami to the 
spectra of major rock-forming minerals. We find that the positions of absorption features in pyroxene 
spectra bear the most similarity to absorptions in the Zagami spectrum. Additionally, we are able to 
identify spectral characteristics of pyroxenes known to be present in Zagami, and we can eliminate at 
least one pyroxene that is not present in Zagami on the basis of spectral dissimilarities. 

Introductlon. SNC meteorites are mafic to uttramafic achondrites which differ significantly from 
typical eucrites. Based on various lines of evidence, several workers (e.g., [I]) have proposed Mars as 
the SNC parent body (see [2] for a comprehensive review). Thus, study of these meteorites, including 
Zagami, provides our only method for physically examining igneous processes at Mars. 

Volumetrically, Zagami is 75% pyroxene (half augite, half pigeonite), 20% maskelynite, and 5% 
mesostasis and minor phases [3,4,5]. Grain sizes range from 0.19 mm to 0.36 mm within the meteorite. 
Pyroxenes in Zagami are normally zoned, and maskelynite (a structureless plagioclase glass formed 
under high shock pressures), which crystallized interstitially subsequent to crystallization of pyroxenes, is 
also normally zoned. Based on the normal zoning in pyroxenes, [3,4, and 51 determined that Zagami was 
probably a lava erupted onto the surface or injected into a near-surface dike or sill. 

Sample preparation and procedure. The piece of Zagami used in this study is roughly 1.5 cm in 
diameter and was cut from a larger piece of the meteorite (in the possesion of R. Haag), which was also 
the source for University of New Mexico samples used in previous studies (e.g., [4]). All mineral samples 
came from the Thermal Emission Spectrometer Laboratory's mineral library. These are particulate 
samples, sieved to sizes ranging from 710 pm to 1 mm. Zagami and the mineral samples were heated to 
80" C and then emission spectra in the range from 1600-400 cm-l (-6.25-25 pm) were acquired using a 
Mattson Cygnus 100 FTlR interferometer/spectrometer. Raw spectra were processed for analysis 
following the method of [6] and [q. 

Resutts. Figure 1 shows a comparison of the infrared spectrum of Zagami with the spectra of some 
common rock-forming minerals. These spectra have been normalized and vertical lines placed at the 
positions of major absorption features in Zagami for comparison. All of these spectra are dominated by 
distinctive silicate vibrational absorptions. In the 1400 to 800 cm-l region, however, only the augite 
spectrum displays a significant number of absorptions located in nearly the same positions as the 
absorptions in the Zagami spectrum. While the Za ami spectrum and all of the mineral spectra display 9 characteristic silicate features in the 650 to 400 cm' region, qua* and labradorite do not display strong 
absorptions in the same positions as those in the Zagami spectrum. Although forsterite displays 
absorptions near those in Zagami's spectrum, it also has a strong additional absorption near 400 cm-l 
that is not observed in Zagami. Only amphibole and augite resemble the Zagami spectrum in this 
wavelength region. However, the spectrum of amphibole does not match that of Zagami at shorter 
wavelengths, eliminating it as a good match for Zagami, and leaving only augite as the best match. Thus, 
we turn to an examination of the spectra of various pyroxenes in comparison to the spectrum of Zagami. 

Figure 2 shows the Zagami spectrum along with the spectra of several clino- and orthopyroxenes. In 
contrast to the majority of minerals shown in Figure 1, the pyroxenes and Zagami show a very good 
overall correlation of absorption feature position. The spectrum of Zagami displays five distinct absorption 
features between 1100 and 800 cm'l, all of which correlate positively with absorptions in the pyroxenes, 
with the best positional agreement between Zagami and the calcium-rich clinopyroxenes. There are two 
distinct absorptions in Zagami at wavelengths longer than 650 cm-l. The overall shape of Zagami's 
spectrum in this region strongly resembles the shape of the orthopyroxene spectra, consistent with the 
presence of lowcalcium pyroxenes in the meteorite [3,4,5]. The deepest absorption in this wavelength 
range correlates well to strong absorptions in Mg-rich ortho- and clinopyroxenes and very poorly with Fe- 
rich hedenburgite, indicating that Fe-rich pyroxene compositions are not present, as confirmed by [3,4,5]. 

The most noticeable spectral difference between Zagami and the pyroxenes is relative band depth. 
Spectral band depth variations as a function of decreasing particle size have been well-documented [8,9, 
others]. We believe that the smaller grain sizes of the minerals in Zagami (relative to our laboratory 
samples) resutt in an apparent deepening of the weaker bands in the spectrum, e.g., the absorption near 
1000 cm'l. Additionally, pyroxenes are not the only components of the meteorite, and we therefore do 
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not expect a perfect match. We have not attempted to account for the spectral contributions of the 
maskelynite component in Zagami. Atthough the maskelynite composition is known, it is a glass and has 
no regular crystal structure. [I 01 showed that fused plagioclase samples display significantly reduced 
spectral features as well as shifts in the positions of major absorptions. As a result, we feel that it is not 
possible to spectrally rep'resent this component accurately. 

Because we have been unable to obtain a good sample of pigeonite, we simulated its spectrum by 
the linear addition of 20% augite and 80% bronzite. The resultant spectrum (not shown) retains a strong 
similarity to the bronzite component, suggesting that a true pigeonite spectrum is likely to be dominated 
by the features of orthopyroxenes of similar Mg/(Mg+Fe) composition, such as bronzite. 

Conclusions. We find that a comparison of the vibrational spectrum of the Zagami meteorite to the 
spectra of several rock-forming minerals shows that only pyroxenes have a significant number of 
correlative absorption features. Our observations lead us to believe that we can confidently rule out 
hedenburgite as a component of the Zagami meteorite, consistent with Zagami's composition [3,4,5]. 
Augite is clearly present on the basis of numerous correlative absorptions, and several features and a 
spectral shape indicative of a calcium-poor component are also present. Diopside is difficutt to eliminate 
due to the presence of several features that match the Zagami spectrum. However, chemical analyses [3] 
show that the composition of the augite (and pigeonite) in Zagami tends toward more Mg-rich 
compositions, consistent with a more diopside-like (bronzite-like) composition. This study strongly 
supports the ability of thermal infrared spectroscopy to distinguish between major rock-forming minerals in 
bulk samples, and indicates that we will be able to use the TES on the Mars Global Surveyor spacecraft 
to spectrally distinguish the bulk mineralogy of the martian surface with a high degree of confidence. 
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Figure 1. Vibrational spectra of Zagami and several rock- Figure 2 Spectra of Zagami and pyroxenes. 
forming minerals. Wavelength in microns at top. 
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