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T H E  EFFECTS OF A T M O S P H E R I C  PRESSURE ON I N F R A R E D  
REFLECTANCE SPECTRA OF MARTIAN A N A L O G S .  

Janice L. Bishop, Carl6 M. Pieters, Stephen F. Pratt & William 
Patterson, Brown University, Providence, Rhode Island 02912. 

Introduction. The use of terrestrial samples as analogs of Mars soils are complicated by the 
Martian atmosphere. Spectral features due to the Martian atmosphere can be removed from 
telescopic spectra of Mars1 and ISM spectra of  mar^,^,^ but this does not account for any 
spectral differences resulting from atmospheric pressure or any interactions between the 
atmosphere and the surface. We are examining the effects of atmospheric pressure on 
reflectance spectra of powdered samples in the laboratory. Contrary to a previous experiment 
with granite? no significant changes in albedo or the Christiansen feature were observed from 1 
bar pressure down to a pressure of 8 pm Hg. However, reducing the atmospheric pressure 
does have a pronounced affect on the hydration features, even for samples retained in a dry 
environment for years. 

Methods. Infrared reflectance spectra were measured in these experiments using a Nicolet 
740 FTIR, a biconical off-axis detection attachment produced by Specac and a new 
environmental chamber designed by Connecticut Instruments. This system allows spectral 
measurements to be made of particulate samples under a controlled atmospheric environment 
down to 10-3 ton. The pressure of the sample chamber is reduced gradually over a number of 
hours so as not to disturb the sample. The Nicolet-environmental chamber configuration also 
allows spectral measurements to be made at temperatures up to 300 "C and down to -200 "C. In 
this preliminary study SWy-1 montrnorillonite from the Clay Mineral Society-Source Clays 
Repository was used. 

Results and Discussion. Normalized reflectance spectra from 5500 cm-1 - 3000 cm-1 
(-1.8 pm - 3.3 ym) of natural SWy montmorillonite at various pressures are shown in Figure 1. 
The shape of the reflectance features at 3 pm and 1.9 pm were substantially altered by changes 
in atmospheric pressure, while the reflectance features at 2.75 pm and 2.2 ym remained largely 
unchanged. As the atmosphere was removed from the sample chamber, water is desorbed 
from the clay interlayer regions and grain surfaces. At atmospheric pressures below 10 mm Hg 
the intensities of the 3 pm and 1.9 pm water features become much weaker, while the 2.75 pm 
and 2.2 ym structural OH features remain strong. 

Reflectance spectra from 1800 cm-1 - 1575 cm-l (5.55 ym - 6.35 pm) of natural SWy 
montmorillonite at various pressures are shown in Figure 2. The absorption feature shown in 
these spectra is due to the bending vibrations of molecular H20 in the interlayer clay  region^.^ 
This feature is observed at about 1635 cm-I (-6.12 pm) under the normal H20- and COz- 
purged conditions at 1 bar in the Nicolet. After reducing the atmospheric pressure in the sample 
chamber below 10 mm Hg this absorption feature shifts gradually to longer wavelengths. The 
vibrational energies of the interlayer water molecules are dependent on the type of interlayer 
cation, the nature of bonding to the clay surface and the degree of H-bonding between other 
H20 molecules. The absorption feature at 1625 cm-1 (-6.15 ym) in spectra measured under low 
pressures probably is related to water molecules directly bound to the interlayer cations. At 
higher pressures there is more water adsorbed in the clay interlayer regions and additional 
absorptions occur (at shorter wavelengths) due to water bound either to other water molecules or 
the clay surfaces. 

The Christiansen feature in reflectance spectra of montmorillonites occurs near 8 pm.6 A 
shift in the Christiansen feature to shorter wavelengths was observed in the reflectance spectra of 
granite as a result of decreasing atmospheric pressure below -1mm Hg.4 However, in 
reflectance spectra of SWy montmorillonite measured here the Christiansen feature at 7.9 pm 
(1265 cm-l) is invariant from 1 bar to 8 pm Hg (although not shown). Further work is needed 
to characterize the effect of low pressure on spectral features. 
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Coaclusions. The atmospheric environment of clay samples has a pronounced effect on 
their reflectance spectra. Although the sample examined here had been stored in a desiccator 
over Drierite for over two years, the spectra still showed a decrease in intensity of the water 
features indicating further water desorption from the sample at Mars-like pressures. 
Investigations of the spectral features due to hydration in clays7 suggest the necessity of 
studying the atmospheric effects on Mars soils in order to more fully understand the hydration 
features in spectra of Mars. Reflectance spectra of Mars soil analogs such as ferric-rich 
smectites, ferric oxides/oxyhydroxides and palagonite are expected to exhibit spectral changes as 
well when measured under Mars-like pressures. Many spectral investigations of Mars analogs 
show greater spectral contrast than do observational spectra of Mars. Perhaps spectra of these 
analogs would more closely resemble Mars spectra when measured under Mars-like atmospheric 
pressures. 

Figure 1: Near Infrared Reflectance as a Function of Pressure 
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Figure 2: Reflectance Spectra as a Function of Pressure 
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