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NEAR-INFRARED SPECTRA OF THE MARTIAN SURFACE: READING BETWEEN 
THE LINES; D. Crisp (Jet Propulsion LaboratoryICaltech, MS 169-237,4800 Oak Grove Drive, 
Pasadena, CA) 91 109, and J. F. Bell IlI (MS 245-3, NASA Ames Research Center, Moffett Field, 
CA 94035) 

Moderate-resolution near-infrared (NIR) spectra of Mars have been widely used in studies of the 
Martian surface because many candidate surface materials (weathered basalts, iron minerals, 
carbonates, bicarbonates, sulfates, hydrates, etc.) have distinctive absorption features at these 
wavelengths. Recent advances in NIR detector technology and instrumentation have also 
encouraged studies in this spectral region. The use of moderate spectral resolution (200 < UAA 
< 2000) has often been justified for NIR surface observations because the spectral features 
produced by most surface materials are relatively broad, and easily discriminated at this 
resolution. In spite of this, NIR spectra of Mars are usually very difficult to interpret 
quantitatively. One problem is that NIR surface absorption features (particularly for mineral 
mixtures) are often only a few percent deep, requiring observations with great signal-to-noise 
ratios. A more significant problem is that gases in the Martian atmosphere (CO,, H,O, and CO) 
contribute numerous absorption features at these wavelengths. Ground-based observers must also 
contend with variable absorption by several gases in the Earth's atmosphere (&O, CO,, O,, N,O, 
CH,, 03. The strong CO, bands near 1.4, 1.6, 2.0, 2.7, 4.3, and 4.8 p largely preclude the 
analysis of surface spectral features at these wavelengths. Martian atmospheric water vapor also 
contributes significant absorption (several percent) near 1.33, 1.88, and 2.7 p ,  but water vapor 
in the Earth's atmosphere poses a much larger problem to ground-based studies of these spectral 
regions. The third most important NIR absorber in the Martian atmosphere is CO. This gas 
absorbs most strongly in the relatively-transparent spectral windows near 4.6 and 2.3 p. It also 
produces 1-10% absorption in the solar spectrum at these NIR wavelengths. This solar CO 
absorption cannot be adequately removed by dividing the Martian spectrum by that of a star, as 
is commonly done to calibrate ground-based spectroscopic observations, because most stars (even 
"solar-analog" stars, which have similar color temperatures) do not have identical amounts of CO 
absorption in their spectra. 

Here, we describe two effective methods for eliminating contamination of Martian surface spectra 
by absorption in the solar, terrestrial, and Martian atmospheres. Both methods involve the use 
of very-high-resolution spectra that completely resolve the nmow atmospheric absorption lines. 
Figure 1 shows a high-resolution (lo-, cm-') synthetic radiance spectrum generated with an 
atmospheric/surface radiative transfer model. This segment of a weak CO, band near 2.15 p 
shares many properties with other weak C02  and CO bands in the Martian atmosphere. For 
example, it consists of an array of very narrow absorption lines separated by distances that are 
large compared to their widths. Another important feature of these lines is that their cores are 
completely saturated for one-airmass optical paths. They therefore show little airmass 
dependence. Efforts to discriminate surface and atmospheric absorption by searching for airmass 
dependence therefore have little value. Figure 2 shows a synthetic spectrum of the 2.3-pm (K- 
band) window that has been convolved with a triangular slit function of FWHM 0.1 cm-'. At this 
resolution, the 2.15 p CO, band and 2.33-pm CO band appear to be only 10% deep, in spite 
of the fact that most of their lines are completely saturated. Their apparent lack of ainnass 
dependence might therefore be a surprise to some observers. These spectra still have adequate 
resolution to show completely transparent regions between the strongest lines. At 
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much lower resolutions, these "micro-windows" are completely filled. 

These examples suggest two approaches for identifying and removing atmospheric contamination 
form surface spectra: First, one can simply take spectra that completely resolve atmospheric 
absorption features. Surface features can then be reliably identified by simply "reading between 
the lines." Second, when this is not possible or practical (when high-resolution spectra do not 
provide adequate signal-to-noise or spatial resolution), one should use sophisticated atmospheric/ 
surface radiative transfer models to assist in the analysis of the spectra. 
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Figure 1: Synthetic radiance spectra showing two absorption lines near the center of the 2.15-pn 
CO, band for emission angles (and solar zenith angles) near 20 and 86 degrees (solid lines). The 
86-degree values can be scaled to the 20-degree values by simply multiplying by a constant 
factor that accounts for the difference in solar illumination (dashed line). 
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Figure 2: A synthetic spectra of the K-band (2 .3-p)  window for emission angles near 21.4,47.9, 
70.7, and 86.0 degrees. The 2.15-)lm C02 band appears only 10% deep at this resolution. Only 
the strong CO, bands near 2.0 and 2.7 pn show appreciable aimass dependence. 
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