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TIME VARIABLE SPECTRAL FEATURE AT APOLLINARIS PATERA, 
MARS. Mark S. Robinson, Planetary Geosciences Division, University of Hawaii, 2525 Correa Road, 
Honolulu, HI, 96822; Milton 0. Smith and John B. Adams, Department of Geological Sciences, 
University of Washington, Seattle, WA 98185. 

Introduction 
We idestify and analyu: a time variable spectral feature (spot) that occurs as two distinct patches 

on the northeast flanks of the martian volcano Apollinaris Patera (-8 lat, 186 lon) as shown in Fig. 1. 
This enigmatic spot is seen to wax and wane within the observations of the Mariner 9 and Viking 
missions and is distinct from other variable feature-s reported in previous studies [1,2,3] because of its 
spectral characteristics and it is t h e  variable on a scale of a few days. It is relatively bright across all 
the Viking Imaging System filters. Based on dbra ted  [4] Viking imaging data we investigate three 
possible origins for the spot; 1) compositional 2) photometric, and 3) cloud/meteorological. 
Description of the Spot 

The bright spot (Fig. 1) is seen in images from 5 of the 8 Viking orbits (Table 1) and not seen in 
the one Mariner 9 image (177A13). Other bright albedo features (bright unit) occur in the study area, 
but are not time variable. Within the observations of the Viking mission the spot, when it is seen, is 
relatively stable in shape and size. The spot is seen over a long time period (9116176 - 7/7/1980), is 
variable over a short time period (seen 2/16/1978, not seen 3/14/1978, seen 3/18/1978), and is not 
correlated with season (Ls). The spectral behavior of the spot from orbit 4683 vs orbit 609A is quite 
unusual relative to the rest of region (from 4683 to 609A there is a phase angle difference of 40). The 
Red vs Violet (Fig. 2) plot indicates the 3 units are relatively darker and redder at higher phase angle. 
The spot does darken at higher phase angle, but less than the surrounding area (Fig. 2). Most intriguing 
is its color shift relative to the rest of the area (Fig. 2). The violet radiance of the spot relative to the 
volcanics changes such that the spot has a lower radiance than the volcanics at lower phase and a higher 
radiance at higher phase. 
Possible Explanations for the Spot 

The multispectral images of the spot are all consistent with the same spectroscopic mixture 
model consisting of soil, rock and shade as proposed by Adams et al [q from Viking lander multispectral 
images. Excluding shadows the volcano has nominal abundances of 80% soil and 20% rock. The spot, 
when present, is spectrally more soil like and when absent is more rock like. The minimum fractional 
change in areal abundance of the soil to cause the spot to appear in an image is 5 5% relative to the 
surrounding area. Analysis of spectral variation in other areas indicates other temporal compositional 
changes in soil/rock abundances for the different image acquisition times to be as high as 10%. Except 
for the spot, the dominant temporal variation is consistent with shading and shadowing caused by 
illumination and viewing geometry (e.g. phaselincidence angles). The relative lack of darkening of the 
spot versus the rest of the area as a function of increasing phase angle can be explained by a smoother 
surface (less shadow). These results are consistent with transport of an aeolian dust component which is 
spectrally similar to the soil endmember. 

The possibility that the spot is the result of localized volatile release was considered but found to 
be inconsistent with the spectral mixture analysis. Similarly, the hypotheses that the spot is due to 
atmospheric changes is rejected because 1) the spot is of consistent size and shape over time 2) its 
spectral signature is much redder than observed clouds on Mars [6] and 3) it does not cast a shadow in 
low sun images. We are not able to suggest a physical cause to explain the brightening and reddening of 
the spot simply based on changes in lightinglviewing geometry. 
Future Analysis 

We are currently comparing our Viking Orbiter spectra of Apollinaris Patera with Earth based 
telescope spectra, Viking lander spectra, and laboratory spectra of analog materials to refine the nominal 
calibration of the Viking data. We are evaluating the calibration procedures and testing their effects on 
the observed spatial and temporal variations in composition in the Apollinaris Patera region to refine our 
models for the origin of this enigmatic feature and potentially tie it to the regional geology. 
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