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A combined laboratory and theoretical investigation is being conducted to determine the 
most accurate means of representing the particle size distribution of a mineral mixture for use 
in theoretical reflectance calculations. Radiative transfer theory is being used to model the 
laboratory reflectance spectra of mineral separates and mixtures which mimic carbonaceous 
and ordinary chondrites (the theoretical mixtures will be generated using the known chemistry, 
mineralogy, optical constants and grain size distributions which have been previously 
determined). Comparison of theoretical spectra computed using a single grain size (for 
example 52 pm) and the computed spectra using a cumulative power-law distribution to 
represent the same average grain size in mineral separates and mixtures show differences in 
the strength of absorption features which could affect estimates of minerals abundance. 

Assumptions about the physical and chemical properties of materials must be made for the 
theoretical calculations. For the wavelength range we intend to consider (0.2-5 pm), we have 
previously obtained reasonable results using optical constants derived from reflectance spectra. 
We invert a Hapke-based theoretical reflectance calculation from a powdered sample in a 
narrow grain size range to obtain an absorption coefficient. The primary disadvantage to this 

' 

method is that it requires an assumption that the index does not vary strongly in this 
wavelength interval. 

Assumptions about the grain size of the materials being modelled are also important 
considerations when using Hapke-based theoretical modelling techniques. Commonly a single 
grain size range is deemed appropriate for a specific calculation and from that range an 
average grain size is estimated for the material. However, as most materials, including 
planetary regoliths and meteorites, are not composed of single mineralogies or single particle 
grain sizes, there are disadvantages in using a single grain size to represent the entire grain 
size distribution. 

For this preliminary investigation, mineral separates of pyroxene and olivine and a 
mixture of these two minerals were used. We selected mineral separates that were ground into 
narrow size intervals and for which an average grain size for each interval had been 
determined by Scanning Electron Microscope (SEM). Using a Hapke-based theoretical model 
we calculated the absorption coefficient for a single size particle (the same diameter as 
determined from the SEM investigations) to represent a specific size interval. We also used a 
cumulative power-law distribution to calculate an absorption coefficient representing the 
particle size distribution of a specific size interval. The grain sizes of the pyroxene and 
olivine used to create the compound absorption coefficients represent a Gaussian distribution 
that ranged from 12 pm to 125 pm with an average grain size of 51.8 pm. These spectra 
were compared with the theoretical spectra of the minerals in which the size distribution was 
a single size interval with an average grain size of 52 pm. The depth of the resulting 2pm 
absorption was approximately 47 % in the average grain size calculation and 41% in the 
cumulative grain size distribution, with a depth of -69% in the average grain size calculation 
1 pm absorption feature and 61% in the cumulative distribution . The depth of the 1 pm 
absorption feature in olivine separate is 67% in the average grain size calculation and 58% in 
the cumulative grain size distribution. Calculated spectra which contain 50% olivine and 
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50% pyroxene in the same grain size intervals show similar behavior to the mineral separates. 
The depth of the 1 pm and 2pm features are 55% and 27% respectively in the average grain 
size calculation and 43% (1 pm) and 20% (2 pm) in the cumulative distribution. 

This suggests that using a single grain size to determine the absorption coefficient of a 
poly-grain size material needs to be reevaluated. Deriving the absorption coefficient based on 
a cumulative power-law distribution rather than a single average grain size is necessary, 
especially in multi-component mixtures where each mineral component, regardless if it is in 
the matrix or appears as an inclusion or chondrule, will likely have a distinct grain size 
distribution. When modelling surfaces or materials with several mineralogic materials present, 
the failure to consider a cumulative size distribution will affect the estimates of mineral 
abundances. 
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