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ANGULAR DEPENDENCE OF SPECTRAL EMISSIVITY OF QUARTZ 
AND BASALT; A.E.Wald and J.W. Salisbury, Johns Hopkins University 

We have investigated the angular dependence of the thermal infrared 
emission spectra of powdered quartz and basalt. We find that the Christiansen 
feature, the reststrahlen bands and the transparency feature all display strong 
and potentially useful angle dependent effects. 

Quartz was ground and sieved to both 0-75 pm and 75-250 pm size ranges. 
The fine particle samples were either sifted into a fairy castle structure, or 
packed to reduce void fraction. The larger particle samples were either washed 
or unwashed of clinging fines. We also obtained, for comparison, directional 
spectra of a polished quartz slab (Fig 1). All samples were heated from below to 
introduce a thermal gradient similar to that expected in a space environment [I]. 

The wavelength of the Christiansen emittance peak in fine quartz powder 
(Fig. 2) does not change with angle, but the short wavelength side of the feature 
steepens as angle increases away from the vertical, making this a more 
prominent and sharply defined feature near grazing exitance. The principal 
reststrahlen bands of the powder deepen and change shape, with the short 
wavelength lobe near 8.2 pm eventually becoming deeper than the long 
wavelength lobe. The reststrahlen band changes are due to the contributions of 
Fresnel reflection in the two lobes, as evidenced by the similar changes in the 
polished slab spectra. This non-Lambertian behavior of a sifted particulate 
surface is surprising, but potentially useful, as high angles of exitance appear to 
improve spectral contrast. The transparency feature (a broad trough near 11.0 
pm) also exhibits a deepening as exitance angle increases. Salisbury et. al [2] 
pointed out that as ambient pressure decreased, the transparency feature 
appeared to be distorted and difficult to detect. However, the strengthening of 
this feature at grazing exitance may make it useful as a compositional indicator. 

Spectra of fine (0-75pm) powdered basalt show changes with exitance angle 
similar to those found for quartz. As exitance angle increases, the short 
wavelength side of the Christiansen peak near 8.0 pm steepens and the 
transparency trough near 12.0 pm deepens. However, the Christiansen peak 
becomes subdued, and eventually appears to display a lower emissivity than 
the neighboring regions of the spectrum. We attribute this to the mineral 
mixture, in which the reststrahlen bands of one component can overlay the 
Christiansen feature of another [2]. The result is an average Christiansen peak 
that can have a lower emissivity than is typical for these features. The 
wavelength of this feature does not migrate to shorter wavelength with 
increasing exitance angle (quite the reverse), so exitance angle does not 
appear to explain the anomalous wavelength of the Christiansen peak found by 
Lucey near the lunar limb [3]. However, additional spectral measurements in a 
vacuum environment are required to confirm these results. 
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ig. 1. Emissivity of polished quartz slab. 
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Fig. 2. Emissivity of quartz 0-75 p m  powder. 
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Fig. 3. Emissivity of basalt 0-75 pm powder. 
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