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Thermal emission spectroscopy is useful for identifying mineralogies including carbonates, 
sulfates, and phosphates. Each of these groups of minerals has a distinct emissivity profile that 
allows for general identification (e.g., carbonate). Laboratory data are being collected that suggest 
the potential for determining specific composition of these minerals (e.g., calcite, magnesite). 
Previous studies of Mars suggest that the above groups of minerals should be present. On Mars 
fine-grained mineralogies are likely to be intimately mixed due to aeolian activity. Mixtures of 
calcite with palagonite will be studied to determine the volume percent requirement for salt 
identification and to understand the complexities of fine-grained mixtures observed by thermal 
emission. Further work with mixtures will include sulfate and phosphate mineralogies. 

There are several lines of evidence that suggest carbonates should be present on Mars. 
Mars is thought to have had an early wet, "warm" (>273 K) climate maintained by a thick C02 
atmosphere [1,2,3] with a pressure of -3 to 5 bars. However, Mars' present atmospheric pressure 
ranges from -6 to 10 mbar C02 [4]. This implies that the C@ inventory was significantly 
depleted since the early history of the planet by either 1) loss into space; 2) adsorption onto regolith 
materials; or 3) removal of the C02 by combining the molecule into carbonate rocks [3,5,6]. A 
previous study [5] estimates that loss into space and adsorption of C02 into the regolith are not 
sufficient to account for the C02 depletion; therefore, an additional reservoir, such as carbonate 
precipitation, is required [7]. On Earth a reduction of atmospheric C02 occurred by extensive 
carbonate precipitation fixing atmospheric C02 through reactions with H20 and available cations 
such as Ca++ and Mg++. This process may also have caused the C02 depletion on Mars. The 
reaction requires liquid water; current surface pressures and temperatures on Mars preclude the 
presence of liquid water, but large geomorphic features such as outflow channels and dendritic 
valley networks indicate that substantial water has been available during Mars' past. The 
abundance of liquid water may have enabled the reaction to proceed and fix the atmospheric CO2 
into carbonate deposits. An abundance of cations is also required for the carbonate precipitation, 
but several studies [3,8,9] have shown that weathering of basalts could have provided enough 
cations to maintain the reaction. 

Mars is generally accepted to be the parent body from which the SNC (the Shergotty, the 
Nakhlite, and Chassigny) meteorites were derived [10,11]. All of these meteorites contain small 
amounts of carbonate as determined by C/O ratio, energy dispersive x-ray spectrometry (EDS), 
scanning electron microscopy (SEM), and x-ray diffraction analyses [12,13]. These carbonates 
are considered to have formed on the parent body, Mars, rather than as a result of terrestrial 
chemical alteration. 

Carbonate formation is probably still occurring under present martian surface conditions. 
Although no large surficial bodies of liquid water presently exist on Mars' surface, Booth and 
Kieffer [8] established that carbonates will also form under non-aqueous conditions, such as with 
minimal frosts equivalent to a mere 20 pr pm of water. These vapor-derived carbonate deposits 
may not be as volumetrically significant as earlier deposits may have been, but they may be areally 
extensive. Additionally, carbonates may presently be forming as a result of weathering of primary 
materials [7,9]. Gooding [9] and Clark and VanHart [14] suggest that calcium- and magnesium- 
bearing pyroxenes, plagioclases, and olivines would decompose to produce calcite (CaC03) and 
magnesite (MgC@) among other products. 

Previous workers [15,16] have sought to identify surface carbonate deposits on Mars using 
Earth-based visible and near infrared reflection spectroscopy (0.35-4.2 pm) during the 1986 and 
1988 oppositions. Based on subtle spectral reflectance features and an assumption of mixing 
carbonate with palagonite (a basalt alteration product), upper limits for carbonate were determined 
to be 3 to 5 wt % for the 1986 and 1988 data, respectively. However, the possibilities for 
carbonate identification were limited by the large "footprint" of the spectrometer, which varied 
from -2000 km to -900 km (during the 1986 and 1988 oppositions, respectively). 
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Based on thermo-dynamic considerations and analyses of the SNC meteorites, several 
carbonate compositions such as calcite, magnesite, and siderite are primary martian candidates 
[9,13,17,18]. The thermal infrared (5.9-25 pm) spectra for these carbonates can be seen in Figure 
1. Typical strong absorption features in calcite (Iceland spar) occur at -6.6, 11.3, and 24.8 pm 
due to fundamental vibrations of the C-0  bonds. A comparison of calcite to siderite shows that the 
siderite absorption features are displaced to shorter wavelengths of -6.4, 11.2, and, 24.6 pm. 
These band shifts potentially will allow for specific carbonate composition to be determined. 
These and other analyses will provide insight into the data received from Mars by the Thermal 
Emission Spectrometer (TES) aboard the Mars Observer spacecraft. The TES was specifically 
designed to operate within the infrared window that contains fundamental carbonate vibrations. 
Unlike the large spatial "footprint" that results from Earth-based spectroscopy, the spatial 
resolution of the TES is 3 km. Because of the high spatial resolution and that the C - 0  bonds 
produce fundamental vibrations within the infrared range, the TES instrument will return spectra 
that should allow for identification of carbonates if they exist on the surface. 

Due to extensive aeolian activity on Mars, dust is thought to be an important surface 
component. Palagonite is considered to be a terrestrial analog to Mars dust based on similar 
spectral reflectance properties in the visible and near infrared range [19]. To understand the 
limitation of using emissivity data to determine carbonate presence and composition, further work 
will be done using thermal emission spectroscopy to analyze fine-grained calcite in intimate 
mixtures with palagonite to determine volume percentage requirements for salt identification and to 
understand the complexities of mixtures observed by thermal emission. 

Additionally, thermal emission studies will be conducted using various sulfates and 
phosphates that are predicted by the Viking landers and the SNC analyses to be on the martian 
surface. hl$crot!s 
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Figure 1. Spectra of carbonate as emissivity varies with wavenumber: a) calcite, b)  magnesite, 
c) siderite. Spectra are vertically displaced and separately scaled. 
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