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COLOR UNITS ON THE URANIAN SATELLITES: AN OUTER SOLAR SYSTEM 
ANALOG TO LUNAR VITRIFICATION DARKENING? James F. Bell, Planetary Geosciences Division, 
Univ. of Hawaii, Honolulu 96822 and Geologic Remote Sensing Lab, Univ. of Washington, Seattle 98195. 

Previous G r o d a s e d  pnd Jab- S~ec- Viible and near-IR disk-integrated spectral 
reflectance measurements have been obtained of the Uranian satellites for several decades [I-91. Due to the fainmess 
of these objects and their projected proximity to Uranus; the most severe constraints on the observations has been 
the very low spatial resolution obtainable. Despite this problem, common to most outer solar system objects, much 
has been learned from groundbased studies of small, distant, icy bodies. For example, water-ice absorptions have 
been identified in the spectra of all the satellites [4,5,8]. Further observations [7] confm the presence of a dark, 
spectrally bland component on~in the water-ice slrrfaces of the satellites, but attempts to match the observed spectra 
with additive reflectance mixtures of finegrained water-frost and various dark components failed to define, beyond 
broad limits, the composition of the dark component or its dominant mode of dispersal. Attempts to identify this 
dark component were unsuccessful due to the fact that sizeable, distinct spectral features simply do not exist for 
many of the candidate materials in this wavelength range and thus their identijication is speculative at best. Previous 
data did demonstrate that the Uranian satellite spectra are reasonably matched with spectra of he-grained water frosts 
and intimately mixed charcoal and water-ice; however the similarities between the many different candidate dark 
materials (70% charcoal-30% water-ice, wrtKln lampblack, Murchison organics) precludes further identification [7]. 

The Vovagg 2 Encounter: The Voyager 2 flyby in late January 1986 represented our first qc lose  look at 
the Uranian system. Of all the discoveries, perhaps most surprising was evidence for large-scale tectonism and/or 
&acing events on Mit.anda, and similar though much less intense events on Ariel and Titania [13]. Based on disk- 
averagededaIbedos, all the satellites appeared to be gray, even Oberon (the reddest) and initial analysis of selected bright 
and dark areas on the surfaces of several satellites [13] did not reveal and significant spectral features. This was not 
surprising, in light of the previously discussed results for dark component spectra and the fact that the spectrum of 
water-ice is also relatively flat in this wavelength region. 

To first order, then, the satellites of Uranus appear to be bland, spectrally "boringn bodies; however, a close 
examination of many of the high resolution clear filter images, particularly of Miranda and Ariel, supports the 
contention that endogenic precesses such as tectonic activity or large-scale resurfacing events have occurred on these 
satellites. Moreover, such events may involve the eruption of ice, water, vapor, waterhce mixtures, or water 
containing dissolved volatiles onto the satellites surfaces [14-161. The possible existence of spectrally distinct 
regions resulting from such eruptive processes is tantalizing for larger satellites such as Europa or Dione and could 
be suggestive of greater complexity than once thought on Ariel or the smaller Miranda. 

Data Reduction; Raw, uncalibrated Uranus satellite imaging data were obtained from the recently released 
Planetary Data System (PDS) CIiROM dataset These raw images underwent standard processing using the USGS 
Flagstaff PICS and University of Washington WISP software packages. After calibration and coregisaation of the 
images, a set of 20 satellite "image cubesn from 3-6 planes deep existed. These spectral image cubes were 
normalized by adding together the flux for each pixel at all wavelengths sampled and dividing each pixel by that sum. 
This effectively removed the albedo (spectral offset) information from each image, and remaining light/dark 
variations are related to changes in spectral shape only. Color ratio images were obtained from these normalized data. 

Results and Conclusions 
(1) Oberon, lltania, and Ahel exhibit some degree of spectral variation associated with bright impact 

craters, with the typical trend being that the bright craters and their associated ejecta deposits are less red than the 
remainder of the satellite by 5-30% in normalized images. Oberon clearly exhiiits the greatest variability of all the 
satellites. The mechanism for this process may be an outer solar system analog to lunar vitrification 
darkening/reddening. For example, methane ices and low occupancy ratio methane clathrates have been shown in the 
laboratory to darken considerably with time under various types of irradiation [lo-121. 

(2) Morphologic features on Miranda and Ariel possibly associated with endogenic processes such as 
tectonism or ice volcanism do not show as high a degree of spectral variability relative to their surroundings as 
bright impact craters. Material that has been erupted or extxuded on these satellites is either the same composition as 
the substrate, spectrally indistinguishable in the visible, or it (and/or the substrate) has been modified by some 
external process so that it is now spectrally. indistinct. 

(3) Absolute calibration of Voyager 2 Uranus satellite images is extremely dacult due to low data dynamic 
range (low S/N), uncertain pointing geometries, and uncertain correlation to groundbased specaophotometry. The 
interpretation of pseudospectra generated from imaging data is also extremely difficult, if not impossible, based on 
the above constraints. 

(4) Unique compositional information cannot be obtained from the Voyager multispectral data which covers 
only up to 2540% of the satellites' surfaces in only 3-6 broad wavelength bands across the visible. A NIMS-type 
high spatial/spectral resolution mapping program is required to pin down compositions and unit distributions. The 
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Uranian satellites are indeed quite gray, but this work has shown that higher sensitivity instruments may be able to 
detect a wealth of compositional variability on these small icy worlds. 
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Fiaure 1 ; 2-dimensional histogram data for 
calibrated Voyager 2 Oberon images FDS 26836.29 
(0.56 pm) and FDS 26836.27 (0.41 pm). Above 
the histogram are the two input images. Although 
the data suffer from striping due to low dynamic 
range, 2 distinct trends can be seen (lines) 
showing that the brighter crater and ejecta blanket 
materials are indeed less "red" than the 
surrounding heavily cratered plains. 

f i Q u u .  Color ratio image of the data shown in 
Figure 1. The darkest regions correspond to 
GRNIVIO = 1 and correlate well with ejecta 
deposits and rays from craters Hamlet and Othello. 
The bright regions corresponding to the crater 
floors and intercrater plains are significantly 
redder with GRNlVlO = 1 .I -1.4. 
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