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FROM THE KUIPER AIRBORNE OBSERVATORY; T.  L .  Roush (San Francisco 
State Univ. & NASA Ames), F.C. Witteborn, J.  Bregman, (NASA Ames Research Center) 
D. Rank (University of California a t  Santa Cruz), A. Graps (Sterling Software), and J.B. 
Pollack (NASA Ames Research Center) 

There are ample theoretical and observational reasons to believe that Mars once had a 
denser atmosphere and liquid water was stable on the surface [e.g. 1,2]. If the atmosphere 
was chiefly C02, then weathering of silicate rocks in the presence of water could result in 
the precipitation of carbonates. In addition, SO2 evolved from Martian volcanoes could 
also undergo a series of chemical reactions to form sulfates [3]. In the absence of crustal 
recycling, both of these salts provide relatively permanent reservoirs for the removal and 
storage of these atmospheric gases. Additionally, if carbonates did form during some early 
epoch on Mars and have survived until the present, then these deposits may hold evidence 
concerning the evolution of life during Mars' earliest history and would certainly represent 
prime targets for future missions to Mars. 

The vibrational motions of the atoms comprising these salts give rise to strong absorp- 
tion of infrared radiation and hence observations of Mars in the infrared provide the most 
sensitive method of identifying these materials using remote sensing techniques. The car- 
bonate features occur in the 6.5- to 7.5pm region which is inaccessible from ground-based 
observatories due to strong telluric water absorption features. As a result, Earth-based 
observations at these wavelengths must be made above most of the terrestrial atmosphere. 
As an ongoing research effort aimed at understanding the atmospheric and surface evolu- 
tion on Mars we have repeated our 1988 observations of Mars in the thermal infrared from 
the Kuiper Airborne Observatory (KAO) [4]. Our goal was to assess the repeatability of 
previously identified spectral features [4] and to obtain data a t  both higher spatial and 
spectral resolution. 

As a result, during two separate flights of the KAO on 27 and 28 November 1990 (UT) 
several spectra of Mars were obtained in the 5.5-9.2pm wavelength region. These date were 
acquired using a liquid helium cooled grating spectrometer (FOGS) 151 employing an array 
of 29 Si:Bi detectors. Four individual grating settings were required to cover the entire 
wavelength domain a t  a resolving power of roughly 240. Data were obtained using a 4.1 
arc second focal plane aperture. At that time the angular size of Mars was approximately 
18 arc seconds, so that the field of view was about 114 of the angular diameter of the 
planet. We also employed a computer controlled guiding system which allowed only data 
taken within a specified pointing error (5  1.5 arc seconds) to be accepted and subsequently 
written to  computer files. This resulted in an effective aperture size of 4.4 arc seconds. 
Our prime photometric standard was the star cu Tau for which spectral observations were 
obtained each night for all of the grating settings. The Mars data were initially reduced to 
absolute flux, and brightness temperatures were calculated from the flux values. 

Several atmospheric COz absorption features identified in previous thermal infrared 
spectra of Mars [4,6,7] are also readily identifiable in the current data. Additional features 
previously attributed to  carbonate- and sulfate-bearing materials [4] are also present in 
the current data. A comparison of the brightness temperature derived for one spectrum 
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from 1990 to a spectrum from the 1988 data [4] and a Mariner 7 infrared spectrometer 
observation [6] is provided in Figure 1. 
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Figure 1. Brightness temperature spectra of the 1990 KAO Mars center spot (solid line), 
1988 KAO center spot (short dashed line), and Mariner 7 (long dashed line). Vertical lines 
indicate spectra features common to a t  least two spectra while the labels A, B, and C 
indicate features common to all three sets of data. 
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