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Telescopic spectra of the lunar surface are often classified according to easily derived and 
objectively defined spectral parameters(l,2,3,4). These parameters correlate with changes in 
mineralogy of pure minerals (5). It has been assumed that this correlation holds for the mixtures of 
minerals which are lunar rocks and soils. The assumption has been supported by the relatively small 
number of studies of spectra of mineral mixtures(e.g. 6). Because of the difficulties of measuring 
large numbers of samples in the laboratory these correlations have not been well explored. With 
recent improvements in the modeling of the nonlinear mixing of spectra primarily based on the work 
of (7) it has become possible to calculate mixtures of minerals based on the spectra of the pure 
endmembers. With this new capability it becomes possible to observe the dependence of spectral 
parameters on relevant lunar compositions and to evaluate the accuracy of interpretations based upon 
such classifications. 

We modeled three-component mixtures of relevant lunar minerals to investigate the effects 
of composition on spectral parameters. Lunar highland rock types are defined in terms of the relative 
abundances of anorthite, olivine, and clino- and orthopyroxene (8) and these were selected as 
endmembers. The spectral data base of (5) was used for the source spectra. With the above 
minerals, we calculated two 3-component mixture series: an-01-opx and 01-opx-cpx. We used the 
anorthosite 15415 for the anorthite endmember, terrestrial minerals for the olivine and 
orthopyroxene endmembers, and the sample 12063 for the clinopyroxene. 

The spectral mixing model we employed was based on the work of (7). The input spectra 
were in the form of directional hemispherical reflectance measured at zero incidence angle and were 
converted to single scattering albedo using equation 40 of (7). The average single scattering albedo 
spectra of the mixtures was calculated from equation 17 of (7) at 10wtO/~ intervals. The average 
single scattering albedo is a funcfion of the surface areas of the components, calculated by assuming 
a grain size of 60mm and published densities, and the relative abundances of the components. Finally, 
the mixture single scattering albedo spectra were converted back to directional hemispherical 
reflectance with equation 40 of (7) and analyzed. Errors in the input assumptions will lead to error 
in relative abundances, but the trends observed, while possibly distorted, will still hold. 

The following parameters were derived from mixture spectra, all of which are employed by 
workers in lunar spectroscopy(l,2,3,4): reflectance (in our study at .73pm); the slope of the 
infrared continuum, defined as the line tangent to the peaks on either side of the Fe2+ absorption near 
lmm; the depth of the absorption relative to this continuum; the minimum wavelength of the 
absorption relative to the continuum, and the width of the absorption at half the depth. All derivation 
of parameters from spectra was done with the PGD Geosciences Array Processor image cube 
processing software. 

We present the results of our modeling in the form of contour plots of spectral parameter 
values on ternary diagrams. The shape of the surface defined by the contours illustrates the 
dependency of the parameter on the components. Because the primary goal of lunar spectroscopy is 
the derivation of composition from spectra we present in Figure 1 the two parameters which have 
been observed to be the most sensitive to mineralogy and the least sensitive to maturity. These are 
the wavelength of the minimum of the absorption near l m m  relative to the continuum (hereafter 
called band center) and the width of the absorption at one-half the maximum relative absorption (band 
width). 

Tho system an-01-opx shows a weak dependence of band center on An content except at very 
high feldspar contents. This is expected because the feldspar band is relatively weak and centered at 
a much longer wavelength (1.25pm) than the other mineral absorptions (.9 -1.02pm). Band width 
shows a still weak but somewhat greater dependence on anorthite, especially at low opx abundances. 
This suggests that for rocks with less than about 60% anorthite (norites, 
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gabbros,some troctolites, and ultramafic rocks) band width and center can be used to determine the 
mafic mineralogy. In the system 01-cpx-opx there is a more even dependence of center and width 
upon composition. Long wavelength centers and wide bands indicate abundant olivine, short centers 
and narrow bands indicate domination by orthopyroxene, and intermediate values suggest either 
01-opx mixtures or dominance by clinopyroxene. The correlation between the two parameters is far 
from perfect and the difference may be used to determine composition if the abundance of anorthite is 
low enough that its effects are negligible. For example, assuming a low feldspar content for the 
location, the telescopic spectrum of central peak of Aristarchus exhibits a band center at .995pm and 
a band width of .365pm (2). These values indicate high olivine content, perhaps greater than 50%. In 
contrast, the central peak of Tycho has a band center of .982pm and a band width of .256pm(4). 
These values indicate a very low olivine content. 

In summary, band center and width are most sensitive to mafic mineralogy and less sensitive 
to feldspar content. Band center and width are thus particularly effective for analysis of soils with 
feldspar contents less than 60%. Similar modeling with an agglutinate end-member shows an even 
weaker dependence of these parameters on agglutinate content(9). However, most of the lunar 
highland surface is mature and anorthositic. For these more typical soils additional parameters are 
required to determine the mineralogy and thus rock type. The parameters albedo, continuum slope, 
and band depth are candidates for these additional parameters and can and have been employed to 
attempt to refine the compositicnal interpretations. 

In conclusion, the ability to calculate mixtures has proven extremely useful in determining 
the utility of commonly used spectral parameters in lunar spectra interpretation. Further refinement 
may yield a technique for useful interpretation as the Aristarchus and Tycho examples suggest. 
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Figure 1. Contour diagrams of the spectral parameters band center (left) and band width (right) 
for the systems anorthite-olivine-orthopyroxene and olivine-orthopyroxene-clinopyroxene. 
The contours were drawn from data points spaced at 10Wh intervals. The blank area along the 
anorthite-orthopyroxene axis is due to the presence of split bands which did not allow 
meaningful reporting of band width. The corresponding area on the band center diagram is 
defined by the deepest of the two bands. Note the band center rapidly switches from an 
orthopyroxene value to the anorthite value as the orthopyroxene band become shallower than 
the anorthite band. 
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