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INTRODUCTION 
Surface units are an important indicator of a planet's past geologic and geomorphic 

processes. Icy Galilean satellite surface units, as defined by multispectral maps from Voyager, 
can provide an indication of their past processes and their original state. Ground-based 
spectrometry has supplied some material identification on a global scale.1-l4 Based on these data, 
distinct spectral units have been found on all the icy satellites. Europa and Ganymede have been 
studied relatively more than Callisto, which remains poorly understood due to poor Voyager data 
quality. In this study, we assess the Voyager data for Ganymede and Callisto to look for 
correlations between spectral units and geology. Our analyses of the Voyager multispectral data 
and groundbased spectro-photometric data is helping to constrain composition and mineralogy of 
units, leading to a better basic scientific understanding of their spatial distribution and origin. 
These new results are immensely helpful in planning the upcoming Galileo Jupiter orbit 
measurements as well as laying a foundation for interpreting the NIMS and SSI data. 

VOYAGER DATA 
Raw, uncalibrated Voyager icy satellite multispectral image data were processed using 

the USGS PICS (Planetary hnage Cartography System) and the SETS HIPS (Hyperspectral 
Image Processing Software) software systems. Geometric correction parameters were updated 
using the most recent PICSIJPL geometric calibration files. A first order Minnaert photometric 
correction was applied to all data and each image was normalized to orange (band 5) to remove 
albedo affects. Finally, each calibrated single-filter image was coregistered to the green filter 
image and an image cube generated. Spectra were collected from within the image cube and 
analyzed. 

INTERPRETATION 
Visible wavelengths are dominated by two units, a high- and a low-albedo unit. The 

bright material is composed of ice of differing grain size and is believed to be endogenic in 
origin. Recent groundbased telescopic integrated disc measurements (13, 14) show that 0 2  may 
be responsible for a distinct, narrow absorption signature seen on Ganymede and that sulfur is 
likely responsible for the red absorptions on Europa (13). While our work with the Voyager data 
cannot determine mineralogy and composition directly, we can identify spatially resolved 
compositional units which will advance our knowledge of the satellites and will be used by the 
Galileo teams in planning and analyzing future imaging and spectrometry. 

On a broader scale, we believe that the dark material present on the three satellites differs 
in origin and composition. From our analysis, the spectral evidence suggests the presence of at 
least three different dark materials, each associated with a different spectral signature: (a) A 
hemispherical UV-dark material. The UV dark material is distributed in a sinusoidal hemispheric 
pattern and is most distingushable on Europa. Suggestions for its origin, by others and from our 
workl-12, include magnetospheric sputtering and ion implantation. (b) A tectonically-related 
dark material. The second, lineament-related, dark material unit appears to be indigenous to the 
satellites and may have been redistributed by internal metamorphic processes. (c) An impact- 
related dark material. This third material, associated with the impact craters, may have been 
derived from outside the Jovian system. Spectra collected for these three different geomorphic 
regions on Ganymede support these findings and are shown in Figures 1 and 2. 
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Figure la: Average spectra of large scale areas Figure lb: Example of large spectral 
on Ganymede from Voyager image cubes. Locations collection areas shown in Figure la. 
are shown in Figure lb. Note uniformity in spectral 
properties. 
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Figure 2a: Average spectra of localized areas Figure 2b: Example of large spectral 
on Ganymede from Voyager image cubes. Locations collection areas shown in Figure la. 
are shown in Figure 2b. Note spectral differences. 
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