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COAL REFLECTANCE SPECTRA: PARTICLE SIZE EFFECTS AND IMPLICATIONS FOR 
ASTEROID SPECTROSCOPY 
E.A. Cloutis, ER Georesearch Ltd., 4 Huntstrom Road N.E., Calgary, Alberta, Canada T2K 5W3. 

The reflectance spectra of three particle size ranges of a subbituminous coal sample have been measured 
in order to characterize the spectral properties of aromatic-rich organic materials as a function of grain size. It was 
found that as grain size increases, the spectra become less red sloped. This suggests that while variations seen in the 
slopes of dark asteroid spectra could be attributable to particle size variations of the dark organic constituents, other 
observational evidence, primarily photopolarimetry, suggests otherwise. 

INTRODUCTION: A number of asteroid classes (e.g., C, D, F, G, P) exhibit relatively featureless reflectance 
spectra. These classes are primarily differentiated on the basis of absolute reflectance and spectral slope differences 
[ I ] .  The common interpretation of their spectral properties suggests that the spectral differences are attributable to 
variations in the abundance and composition of organic materials present on their surfaces [2]. In order to investigate 
what effect varying the particle size of aromatic rich organic materials has on reflectance spectra, the spectra of 
different grain sizes of a subbituminous coal were measured. This investigation was undertaken because some 
investigators have found structural similarities between coal and the insoluble organic matter present in carbonaceous 
chondrites [3-61. 

EXPERIMENTAL PROCEDURE: A sample of subbituminous coal (COALO1) [A was obtained from the Frank 
Slide area in southwestern Alberta. The sample was ground and dry sieved to yield three grain size ranges, <37pm, 
< 5 0 0 p ,  and 5 0 0 - 1 0 0 0 ~ .  Reflectance spectra were measured at the RELAB spectrometer facility at Brown 
University at i=OO and e=15O, relative to halon at 5 nm resolution between 0.3 and 2 . 7 ~ .  

RESULTS: The reflectance spectra of the three size separates are shown in Figure 1. It can be seen that in spite of 
the fact that coal is an aromatic-rich complex organic m a t e d  [8], there are no well defined absorption bands in the 
0.3-2.6 pm region. It is also apparent that for these samples, as mean particle size increases, the overall slope of the 
reflectance spectrum decreases. Absolute reflectance in the visible region exhibits a more complex trend, not being 
a simple linear function of grain size. 

DISCUSSION: The 2.5CLm/0.56pm reflectance ratios and absolute reflectance at 0.56 p n  provide a measure of the 
spectral differences between the samples. It can be seen that the reflectance ratio which is a measure of overall slope 
varies from 10.3 (<37 pm grain size) to 1.6 (500-1000 pm grain size). Absolute reflectance increases from 2.9% (<37 
pm grain size) to 3.7% (500-1000 pn grain size) to 3.9% ( 4 0 0  pm grain size). 

These results suggest that organic materials similar to coal will exhibit large variations in overall slope and complex 
behavior in the visible region as a function of gain size. The possibility that grain size variations can be invoked 
to account for spectral variations in dark asteroids can be examined by refemng to polanmetric determinations of 
asteroid surface grain sizes. Available polarirneuic data suggests that the various dark asteroid classes do not exhibit 
significant differences in surface regolith grain sizes and certainly not enough to explain the slope differences seen 
in the reflectance spectra, on the basis of the coal spectra [9]. 

Asteroid 5145 Pholus exhibits the most red-sloped spectrum of any spectrally characterized asteroid to date [lo]. 
While data is not available at 2 . 5 p ,  the 1 .6pm/0 .56~  reflectance ratio is approximately 4.0. The 1 . 6 p r d 0 . 5 6 ~  
reflectance ratio for the finest grained coal spectrum is 6.1 (Table 1). This suggests that aromatic-rich organic 
materials are a potentially viable candidate for the organic component on the surface of Phofus on the basis of 
spectral slope. The shape of the coal spectra are convex, whereas the spectrum of Pholus is concave. However, minor 
compositional variations can be invoked which could change the shape of the coal spectra to a more concave shape, 
without significantly altering the aromatic nature of the material [ I l l .  Thus it is conceivable that the organic 
constituent on Pholus and other red-sloped asteroids is an aromatic rich material. 
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Table 1. 2.5pm/0.56pm, 1 . 6 p n / 0 . 5 6 ~  reflectance ratios and 0 . 5 6 ~  absolute albedos of the COALOl samples. 

Grain size 2 .510 .56~  ratio 1.6/0.56pn ratio 0 . 5 6 ~  reflectance 
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Figure 1. Reflectance spectra of three size separates of coal sample COALOl: <37 p (upper), <500 p (middle), 
500-1000 w (lower). 
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