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MEASUREMENT OF CHRISTIANSEN FREQUENCIES IN SPECTRA OF PARTICULATE 
SAMPLES FOR DETERMINATION OF ROCK C0)4POSITION. John W. Salisbury, U.S. 
Geological Survey, MS 927, Reston, VA 22092 and Dana DIAria, University of 
Maryland Dept. of Astronomy, College Park, MD 20742. 

Fundamental Si-0 stretching vibration bands in the thermal infrared are 
accompanied by "Christiansen frequency" features that occur at a slightly 
shorter wavelength than the absorption bands. The Christiansen features occur 
where the refractive index of the sample undergoes rapid change and thus may 
approach the refractive index of the medium (ail or vacuum) surrounding the 
mineral grains, resulting in minimal scattering . Because this takes place at 
a slightly shorter wavelength than the fundamental molecular vibration band, 
absorption is still relatively low. With little backscattering and little 
absorption, infrared radiation can pass through a sample relatively easily, 
producing a minimum in reflectance or a maximum in emittance. Christiansen 
frequency features are diagnostic of igneous rock composi tion, which is 
particularly useful in remote sensing of particulate planetary surfaces, where 
the fundam n a1 molecular vibration bands have been obscured by 
scattering','. The wavelength of the Christ iansen frequency feature can be 
affected by the environmental parameters of the particulate surface, such as 
the ambi nt ressure, but such effects appear to be systematic and can be 
measuredfi. :his abstract points out how laboratory measurement techniques can 
also affect the apparent wavelength of the Christiansen frequency feature. 

Direct measurement of spectral emittance is difficult, and most 
laboratory studies rely on measurements of spectral reflectance to predict 
emittance. The appropriate measuremeat technique to use in such a case is 
directional hemi spherical reflectance . However, integrating spheres that 
work in the thermal infrared are expensive, and reflectance devices 
incorporating them must be custom made. In addition, some samples of interest 
may be too small to be measured by using an integrating sphere. Thus, 
commercial reflectance attachments that have a microsampling capability are 
commonly used to measure reflectance. Typical ly, such reflectance attachments 
use two 90 degree off-axis ellipsoids that act as beam condensers, resulting 
in a small diameter (-lmn) focussed beam. The sample is illuminated with 
infrared radiation via one ellipsoid over a large (-pi steradians) solid 
angle, and scattered radiation is col lected over the opposing identical sol id 
angle by the other ellipsoid. Thus, specular, biconical reflectance is 
measured over a large solid angle. 

One result of this typical optical geometry is that a part of the 
illuminating radiation has a grazing or near-grazing incidence angle, which we 
find can have a significant effect on the spectrum. This effect is 
illustrated for the spectrum of a powdered norite in Figures 1 and 2. When 
the reflectance spectrum is measured over the entire biconical solid angle 
(Fig. I), the Christiansen frequency minimum (see arrow) is displaced 
vertical ly compared to its position in a directional hemispherical reflectance 
spectrum. In this position, it resembles an overtone of the fundamental and 
would not normally be identified as the Christiansen frequency minimum. 
However, when a collar is inserted around the sample to prevent low-angle 
illumination, the resulting spectrum (Fig. 2) is identical to that measured in 
hemi spherical ref 1 ectance, and the Christ iansen frequency minimum (arrow) can 
be correctly identified. Apparently, the low-angle i 1 lumination at 
wavelengths near the Christiansen frequency passes relatively easily through 
the sample and is preferentially forward-scattered into the collecting 
ellipsoid. Experiments with different collar heights show that most of the 
forward scattering occurs at grazing and near-grazing incidence, but a collar 
blocking the entire lower half of the beam was necessary to match the 
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hemispherical reflectance completely, as does Figure 2. 
Biconical measurements of meteorite samples, which were too small for 

measurement with the hemispherical reflectance attachment, showed that Cm 
carbonaceous chondrite spectra were most strongly affected by changing the 
biconical geometry. Without the collar, the real Christiansen frequency 
minimum completely disappeared for these spectra, and the apparent minimum was 
shifted by a significant 0.6 ~ m .  Meteorite spectra were also subtly affected 
in band shape as, for example, are the water and hydroxyl bands in the norite. 
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