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INTERPRETING THE GEOLOGIC HISTORY OF AEOLIAN SAND 
BODIES FROM REMOTE SENSING DATA; G. Blount, R. Greeley, P.R. Christensen, 
and N.  Lancaster, Dept. of Geology, Arizona State University, Tempe, Arizona, 85287 

Techniques have been examined which allow for the remote identification of discrete units 
within aeolian sand bodies. Spatial analysis of these units can be used to infer source areas, 
transportation paths and deposition sites, and to discriminate between active and inactive 
windblown sediments. The ability to assess the history of aeolian deposits and to determine their 
degree of current surface activity is critical to the forthcoming Mars Observer Mission, not only 
for addressing the general "climate" goals of the mission, but also for the interpretation of surface 
landforms and compositions which may not necessarily correlate with bedrock geology 
(Arvidson et al., 1987). In order to develop an understanding of the martian surface, it is 
desirable to be able to use remote sensing data to determine surface aeolian activity, source areas, 
transport paths and depositional history. These goals are being approached by computer 
simulations of aeolian "mixing" trends at a terrestrial test site, the Gran Desierto of Sonora, 
Mexico. The linear mixing model of Adams et a l .  (1986) has been used to predict compositional 
variations among different sand populations. Field studies of the test area have been used to 
provide an empiricd check on the derived results. 

The 5,700 km2 study area is bounded by the Colorado River delta on the west; granitic 
mountains to the north, the Cenozoic Pinacate volcanic shield to the east, and the northern shore 
of the Gulf of California on the south (Lancaster et al., 1987). Sediment source areas, 
transportation paths and deposition sites have been identified at regional control points. 
Representative samples were collected at > 200 locations, surface aeolian activity was assessed, 
and major geologic and stratigraphic relationships were identified for most of the area. Estimates 
of vegetative cover which may affect the spectral signatures of ground locations have been 
performed. Field observations indicate at least three discrete sand populations within the Gran 
Desierto: 1) coarse fluvial sands derived from the adjacent Colorado River delta, 2) coarse 
alluvial sands derived locally from granitic inselbergs within and along the margins of the sand 
sea and 3) fine-grained quartz sands with substantial carbonate fractions derived from the Gulf of 
California. Substantial mixing has occurred between these units in many areas. These sand 
populations and their unique source areas are compositional end-members which undergo various 
degrees of mixing during erosion, transportation and deposition. 

Sediment variables which may affect the TM spectra have been quantified by laboratory work 
on samples including grain-size analysis, compositional point-counts as a function of grain-size, 
optical microscope examination, and scanning electron microscopy for selected samples. Results 
show that grain mineralogy, surface lag mineralogy, and grain coating are the primary factors 
governing spectral response and support field observations of discrete populations superposed in 
one geographic location. Furthermore, examinations of grain coatings and frostings indicate that 
the sand populations were emplaced at different times in the past. The Gran Desierto exhibits a 
series of geologic processes whose products converge and mix at a single geographic location. 

The linear mixing model of Adams, Smith and Johnson (1986) was used to generate 
"fraction" images of spectral end-members. The images were correlated with field and laboratory 
data; preliminary results (Blount et al., 1987a) show that utilizing the linear mixing model, it is 
possible to define the b-dimensional mixing space (where b is the number of TM bands) for each 
compositional end-member (n) and its daughter aeolian products. Deviations from these pure, 
or 100% saturated, spectral signatures can be interpreted as mixing vectors along which 
sediments will uavel as they are transported away from a source area. The mixing model thus 
describes a series of mixing lines within the spectral data, along which aeolian materials will 
move. The position of a TM pixel within the spectral mixing space determines the relative 
proportion of each end-member component present. Computer modeling of aeolian mixing trends 
shows the discrete sand populations discussed previously can be separated spectrally and their 
dynamic history (provenance, transport and deposition sites) inferred from remote sensing data. 
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Fourteen end-member groups have been tested based on combinations of plagioclase granite, 
microcline granite, basalt, diorite, carbonate sand, active quartz sand, inactive quartz sand, 
mesquite vegetation, creosote vegetation and macroscopic shade. It has been found that several of 
the compositional end-members are not spectrally unique within the 60-270 nm wide thematic 
mapper bandpasses. High-resolution laboratory spectra obtained from 25 representative samples 
show that spectral resolutions of 120 nrn (comparable to the current AVIRIS and the projected 
Mars Observer VIMS instruments) are required to distinguish such ambiguous units as 
plagioclase/microcline granites, carbonate sandgranite sand and basaltldiorite. 

Predicted fractions are being correlated with field and laboratory data. Initial results show that 
the linear mixing model is capable of discriminating spectral variations arising from differences in 
the three primary sand populations. Due to uncertainties in end-member selection and definition, 
the predicted fraction of source rock units is consistently under-predicted and consequently, the 
mixing model over-predicts the concentration of source rock grains in mixed-pixels of aeolian 
sand on the ground. This offset is linear and appears to be reflecting the groundtruth that most 
"pure" end-members are in fact mixtures containing both vegetation and a macroscopic shade 
component. 

The macroscopic shade end-member has proved useful for identifying small-scale superposed 
aeolian bedforms which were previously unresolvable at TM spatial resolution (Blount and 
Greeley, 1987b). The bedforms of interest are not sub-pixel (30 meters) in size, but have been 
unresolvable as individual morphologic units because the shade they produce (on low-angle, 
<34O, slopes) is at the noise level of the TM instrument. The intensity of the macroscopic shade 
component is largely due to variations in local illumination geometry on the ground. Small 
bedforms which are spectrally identical to the surrounding sands will nevertheless induce 
variations in lighting geometry. Because the mixing model approach requires the simultaneous 
solution of n equations (where n = the number of end-members present) for each pixel, the 
bedform-induced shade variations are effectively correlated on all six of the VNIR bands and can 
be displayed in the shade fraction image. The existence and orientation of these newly resolved 
features has been confirmed by groundtruth. 

Approaches and techniques are being identified which can be successfully employed to use 
remote sensing data for the determination of the dynamic state and recent geologic history of 
surface aeolian deposits. Results fiom this study are being assessed in terms of the potential data 
to be obtained from the Mars Observer mission, particularly from the VIMS and TES 
instruments. Compositional variations within the sample set are being correlated with the 
fractions predicted by the mixing model images. Spectral and spatial limitations of the technique 
are being identified. Recommendations can then be made regarding strategies for the 
interpretation of remote sensing data from the widespread aeolian terrains of Mars. 

Adams, J.B., Smith, M.O. and Johnson, P.E., 1986, J. Geophys. Res., v. 91, 8098-8400 
Amidson, R.E., Dale-Bannister, M.A., Guinness, E.A., Adams, J., Smith, M. and 

Christensen, P.R., 1987, abstracts of the Workshop on Nature and Composition of Surface 
Units of Mars, LPI-NASA/MEW Study Project, 4 

Blount, H.G., Greeley, R. and Christensen, P.R., 1986, G.S.A. abs., v. 18, n. 6, 544 
Blount, G., Greeley, R., Lancaster, N., Christensen, P.R. and Arvidson, R., 1987a, LPSC 18, 

pt. 1, 95-96 
Blount, G. and Greeley, R., 1987b, Bull. Amer. Astronomical Soc.. v. 19. n. 3. 847 
Lancaster, N., Greeley, R. and Christensen, P.R., 1987, Earth surf.. ~rocesses and Landforms, 

V. 12, 277-288 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


