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Introduction. Various hydrocarbon-bearing geological materials have been suggested as being possible 
structural analogues of the solvent insoluble organic fraction present in carbonaceous chondrites [e.g., 11. In addition, 
putative hydrocarbon absorption features have been identified in the spectra of at least two asteroids [2-41. Detailed 
analysis of these features has been hampered by a general lack of spectral-compositional data on possible candidate 
terrestrial analogue materials. In order to provide possible constraints on the nature and abundance of hydrocarbons 
on candidate asteroid surfaces, spectral and compositional data on a wide variety of hydrocarbon-bearing geological 
materials are being assembled. These data will augment available spectra, which generally lack detailed compositional 
information and hence are of limited usefulness for detailed spectral analysis [e.g., 51. The preliminary data suggest 
that two of the most important parameters controlling the appearance and intensity of HC absorption bands are 
organic phase abundance and composition and that HC absorption features, particularly in the 3 . 4 ~  region, will be 
detectable for a wide range of organic contents and compositions. 

Experimental Procedure. The spectral reflectance properties of a diverse suite of HC-bearing geological 
materials have been measured using the RELAB spectrometer facility at Brown University, spanning the range from 
0.3 to 25 pm, at variable spectral resolution. These spectral data are augmented by compositional information of 
variable quality which is currently being expanded to provide a more consistent data base. A total of 71 samples have 
been characterized and include oil sands, oil shales, coals, graphite and heavy oil samples. Band depths used in the 
analysis have been measured relative to a straight line continuum ( 1 . 7 ~  region) or relative to the reflectance 
maximum near 2 . 2 ~  (2.3 and 3 . 4 ~  regions). 

Results. HC-bearing geological materials commonly exhibit a series of absorption features near 1.7, 2.3-2.5 
and 3 . 0 - 3 . 6 ~  which are largely attributable to various fundamentals, combinations and overtones of CH, and CH, 
functional groups [6]. Within the constraints of the available compositional data, a number of observations can be 
made. The intensity of the hydrocarbon bands decreases towards the shorter wavelength intervals (Figure 1, bottom 
row). Consequently the most intense organic absorption bands will be present in the 3 . 4 p  region. As an example, 
HC band depths in this region can be as high as 70% without exhibiting the expected lower wavelengths bands. 

The available data indicate that increasing aromaticity is inversely correlated with HC band depths over the available 
range of organic contents (-60-loo%, Figure 1, top row). The WC ratio and soluble organic content are positively 
correlated with band depths, in the former case across the same organic content range, except for oil shales, which 
generally contain aliphatic rather than aromatic hydrocarbons (Figure 1, 2nd row). HC absorption bands will be 
detectable across a wide range of organic contents (Figure 1, 3rd row) where organic contents as low as 15% still 
result in readily detectable (-20% depth) organic absorption bands in the 3 . 4 ~  region. 

An attempt to separate the relative importance of organic content and composition on HC band depths is shown in 
rows 4 and 5 of Figure 1. A wide range of soluble organic contents result in measurable hydrocarbon absorption 
bands. The soluble organic fraction will generally include the bulk of the CH, and CH, functional groups. The lack 
of systematic trends in row 4 is attributable to compositional differences among the various samples. The 
soluble/total organics ratio, which attempts to account for these compositional differences suggests that as the soluble 
fractional abundance decreases, band depths also decrease, as expected. 

Conclusions. The preliminary results of this study suggest that both HC composition and abundance will 
control the appearance and intensity of HC absorption bands. Consequently, compositional data must accompany 
spectral data when laboratory spectra of organics are used in the analysis of remote sensing data. 
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Figure 1. Spectral-spectral and spectral-compositional relationships for hydrocarbon-bearing geological materials 
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