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D m O N  LIMITS FOR BEMOTE SENSING IDENTIF'ICATION OF HYDROCARBON-BEARING 
SURFACES; Edward A. Qoutis. Depamnent of Geology. Univnsity of Alberta. Edmonton. Alkrta T6G 2E3 

Introduction: To date, very little laboratory data exists concerning the spectral reflectance properties of geologically 
significant hydmarbons. A recent study of the reflectance spectra of oil sands provides some guidelines as lo the usefulness 
of ulmvioiet-visible-near i n f d  spectroscopy for the m o t e  sensing identification of exmtmesvial hydrocarbon 
occurnnces. Oil sands arc useful analogues of some of these oamrences because the ternstrial materials are composed 
predominantly of clay and hydrccarbons embedded in a spectrally neutral quartz sand matrix [I]. The details of particular 
oil sand spectral features are presented elsewhere [2,3]. 

Results: A suite of oil sand samples from the Athabasca deposit in north eastern Alberta have been s p e d y  and 
chemically characterized. The samples range in bitumen content from 0-15 wt. % and a subset of these have been selected 
for more detailed spectral analysis. A typical oil sand specaum containing 8.1 wt. % bitumen is shown in Figure 1. It 
displays absorption features cfiaracteristic of clay/water near 1.4 and 1.90. and hydrocarbon absorption features near 
1.7- and ktween 2.3 and 2.6- [2,3]. The intensities of the hydrocarbon absorption features increase with increasing 
bitumen content. Band depths. as defiied in equation (32) of Clark and Roush 141, can be used as a quantitative measure 
of this intensity. Straight line continua have been used to isolate specific absorption features. For the 1.70 feature a 
straight line continuum was constructed tangent to the specnum on either side of the feature. For the 23-2.6- region. a 
horizontal continuum tangent to the reilectancc maximum in the 2 0  region was constructed. 

Analytical data avialable for the samples arc only approximate because they represent the average of a much larger 
amount of material than was spectrally characterized. Thus sample inhomogeneities, which are known to exist, are the 
likeliest explanation of the scatter in the data. Improved chemical analyses are planned. 

J%cnssion: A good correlation exists between the depth of the 1.7- feature and the bitumen content (Figure 2). A 
detailed look at this feature for three samples containing 3. 8 and l3 wt. % bitumen is presented in Figure 3, along with 
band depths (Db). The complexity of this feature is readily apparent. The fact that the intercept of a linear least squares fit 
to the data in Figure 2 is very close to zero suggests that. theoretically. even very low hydrocarbon abundances may be 
potentiually resolvable. In the 22-2.60 spectral region discrete absorption bands can be identified at 2.31. 2.35 and 
2.45- (Figure 4). The most prominent of these bands (2.31~) again shows a good correlation between bitumen 
abundance and band depth (Figure 5). However, because of the presence of clays. the intercept of the linear least squares 
fit at 0 wt. % bitumen indicates a band depth of '14 %. Resumably this value represents the band depth of the clay fraction 
in oil sands. sine almost all clays display absorption bands in this wavelength region due to lattice-OH vibrations. 

Both the 1.7 and 2.3-2.60 s p e d  region possess certain advantages and disadvantages for their use in detecting 
hydrocarbons. The 1.70 feature is not interfered by most other minerals and can, potentially. be used to detect any 
abundance of level of hydrocarbons. provided S/N ratios are sufficiently high to permit this. The hydrocarbon absorption 
bands in the 2.3-2.60 region are more intense than the 1.7- f&ture but arc overlapped by clay lattice absorption bands. 
This could very easily lead to erroneous spectral interpretations. 

An examination of existing remotely sensed reflectana specaa of extraternsaial objects provides no clear evidence 
for unambiguous hydrocarbon absorption bands at 1.7 and 23-2.6-. An upper limit of 3 wt. % hydrocarbons has been 
assigned to the dark material on Iapetus which exhiits a number of other spectral features consistent with an organic 
component [3]. A funQmental organic absorption band at 3.4- has been detected in the infrared spectrum of aneroid 130 
Elektra [S], but no lower wavelength data are available to search for the various combination and overtone bands. Other 
telescopic spectra of presumed organic-rich asteroids are generally too noisy to unambiguously identify hydrocarbon 
absorption bands near 1.70, although very weak features may be present in the reflectance spectxa of the D-type asteroid 
849 Ara [6]. and 2 Pallas [A. However, hydrocarbon-rich meteorites, such as CI and CM carbonaceous chondrites, which 
contain sufficient organic matter to display hydrocarbon absorption bands, do not [8.9.10]. 

The decided absence of resolvable hydrocarbon absorption bands in both known and presumed organic-rich objects 
is problematic. It seems likely that this absence is due in some cases to insuffiaent spectral resolution. In the cases of 
spectrally featureless asteroids the absence is probably -due to the presence of a specUally neutral opaque phase which can 
strongly suppress not only hydrocarbon, but also silicate mineral absorption bands. Recent improvements in telescopic 
spectral resolution seem to support both interpretations [ll]. It is expected that furthd advances will permit the 
identification of hydrocarbon absorption bands which had escaped earlier searches. 
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SPECTRAL DETECTION OF HYDROCARBON-BEARING SURFACES: Cloutis, E.A. 
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Figme 4. DeuU1 c4 aboorpcionr in the 2.2-2.6m rrgion u a 
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