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Infrared reflectance and relative emittance of Mars analogs have been measured, 
resulting in emittance spectra that show inversely similar spectral features to the reflectance spectra. 
Absolute emittance can be derived when a wavelength range exists at which emittance equals one. This 
takes place at the short wavelength flank of strong absorption bands, where the refractive index of the 
material is close to the refractive index of air. The emittance spectra of the fine-grained palagonitic soil 
and montmorillonite exhibit dominant features at 6 pm due to the H-0-H bending mode and near 8 pm as 
the real part of the refractive index approaches a minimum. In the reststrahlen region, where the optical 
constants undergo rapid change, weak bands are observed for these samples. 

Introduction. Reflectance and relative emittance spectra of particulate quartz particle 
size separates, palagonitic soils and selected smectites have been measured and compared in the range 
2 to 18 pm. Determination of absolute emittance is discussed. The optical constants were derived by 
spectroscopic ellipsometry. Palagonitic soils and smectites have been used as analogs for the bright 
Martian soil and exhibit VISINIR spectra that are comparable to some of the Martian spectra. They contain 
abundant Si and Fe and correspond to models that include nanophase amorphous ferric material and 
phyllosilicates (1,2,3). Spectroscopic measurements of the reflectance and emittance properties of such 
analog materials, as well as measurements of mineral size separates, are important for spectral analysis 
of Mars. 

Method. The reflectance spectra were performed using a Bruker IFS 88 Fourier transform 
spectrometer equipped with a Harrick reflectance attachment (4). For emittance measurements an 
attachment manufactured at the DLR was used (5). The samples were maintained in the chamber at 70 
and 80°C. The radiation of the samples was ratioed to black body radiation (BB). The background 
radiance was removed by measurement of the BB at liquid nitrogen temperature (6). The optical 
constants were determined by photometric ellipsometry of pressed pellets of fine-grained material. This 
method entails obtaining the refractive index from polarized reflectance measurements at multiple angles 
of incidence (7). In contrast to dispersion analysis (8), the derivation of the refractive index from 
ellipsometry is independent of an absolute reflectance measurement. 
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Fig.7: Reflectance (top) and relative emittance 
spectra of quartz particle size fractions 
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Fig. 2: Reflectance (top) and relative emittance 
spectra of palagonitic soils and 
montmorillonite 
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Fig. 3: Optical constants N = n + i k for quartz, montmorillonite and palagonitic soils 

Results and discussion. Reflectance and relative emittance spectra of quartz particle 
size separates, Hawaiian palagonic soils and montmorillonite are shown in Figs. 1 and 2. The spectra of 
quartz separates show the particle size dependency of spectral properties, which is discussed in (9) and 
(10).The main problem in deriving the emittance is the determination of the sample temperature. The 
absolute emittance can be derived when the sample temperature is known or when a wavelength range 
can be selected where the sample emittance equals 1. Therefore, often only the relative emittance can be 
measured. The emittance of the quartz separates was derived assuming that it equals 1 at 7.4 pm. This is 
the position of the so-called Christiansen feature (9 , l l )  for quartz, which appears when the optical 
constants of the material equal those of the surrounding air. The material neither scatters nor absorbs at 
this wavelength and behaves in a highly transparent manner, resulting in an emissivity of one. In order to 
define the wavelength position to be used for this calculation, knowledge of the optical constants is 
helpful. The refractive indices of quartz, palagonitic soils and the montmorillonite measured by 
ellipsometry are shown in Fig. 3, where n is the real part of the refractive index responsible for scattering, 
k is the imaginary part responsible for absorption and N=n+ik. For quartz the condition n= l ,  k-very low 
(air) occurs at 7.4 pm. For montmorillonite this condition is met at about 8 pm, while for the palagonitic 
soils no wavelength range with an emittance of one can be assigned. Therefore, we refrain from any 
calculation of the sample temperature or adjustments based on this assumption for the palagonitic soil 
spectra. This results in lower emittance compared to the inverse reflectance measurements. The 
emittance of palagonitic soils at wavelengths longer than 8 pm is in the range 0.9 to 1, but still lower than 
the results of Roush and Bell (12). Between 10 and 12 pm where n and k undergo rapid change, the 
fundamental vibration bands appear. These bands are less pronounced for fine-grained material. A 
multiple absorption band is observed here for the montmorillonite and a less structured feature for the 
palagonitic soils. The band near 6 pm is characteristic of the H-0-H bending fundamental. 

Conclusion. These experiments show that emittance spectra exhibit inversely similar features to 
the reflectance spectra for several palagonitic soils, as expected from Kirchhofs law. Differences between 
E and (I-R) exist when comparing the depths of bands and spectral variations at longer wavelengths. 
Absolute emittance can by derived for the case where emittance is known to be one at a given 
wavelength. This wavelength range can be determined from the optical constants. In addition to the 
VISINIR spectra the mid-infrared spectra contain information about the surface of Mars, such as texture 
and mineralogy. The Martian mid-infrared spectra display stronger absorption bands at 10 pm than the 
analogs studied here. This could indicate that an additional component is present in the Martian soil. The 
band at 6 pm is not observed in the Martian spectra, which may indicate a lower hydration of the Martian 
bright soil. 
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