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INVESTIGATION OF CALLISTO'S UNUSUAL PHOTOMETRIC PROPERTIES 
USING A "PHASE CUBE" OF VOYAGER IMAGES 

J. D. Goguen, TPUCaltech 

Ground-based photometry and polarimetry of Callisto have been interpreted as strong evidence for 
leadingltrailing hemisphere heterogeneity in the light scattering properties of its regolith [I, 21. 
Hemispheric resolution photometric analysis of Voyager images [3] of Callisto's leading and trailing 
sides shows differences in the phase angle dependence of intensity which were interpreted as due to 
particle sidshape variations. Spectral analyses of ground-based observations at visual 14, 51 and 
near-IR [6] wavelengths show little difference between leading and trailing hemispheres with the 
leading hemisphere somewhat redder than the trailing hemisphere at short wavelengths. Multispec- 
tral mosaics from Voyager images [7] show no obvious leadingltrailing hemisphere color units that 
might be readily associated with the differences in phase angle and polarimetric properties. The 
surface units responsible for the hemispheric dichotomy in opposition surge and polarization remain 
unidentified due to the hemispheric spatial resolution of the observations that evidence them. 

A new tool combining the spatial and phase angle coverage of the Voyager images was created for 
investigation of the origin of these differences. Using PICS software, 50 Voyager clear filter images 
of Callisto at phase angles < 50 degrees were radiometrically calibrated, projected into cylindircal 
maps with 1 degree resolution, co-registered, and stacked to create a "phase cube": an "image 
cube" with 2 spatial dimensions and 1 solar phase angle dimension. Then all of the phase data for 
each 1 degree pixel was fit with a simple, 2-parameter photometric function: 

where p, p0 are the cosines of the emission and incidence angles, respectively, a is the solar phase 
angle, I.@ is the intensity, and R and P are the normal reflectance and intrinsic phase coefficient, 
respectively, for the pixel. 

Maps of Callisto in both R and P will be shown. Both the large and small scale variation of R and 
p, as well as the systematic variation of p with R, are examined. Preliminary analysis indicates 
that: 

1) The R, P maps reproduce the observed rotational lightcurve. 
2) The frequency distribution of both R and P is strongly bimodal. 
3) Higher values of R correspond to higher values of P, and low R to low P. 
4) The R, P longitude distribution shows 4-fold asymmetry, not hemispheric. 
5) Large areas of higher R and P occur near longitudes 100 and 270W. 
6) Large areas of low R and P occur near longitudes 20 and 200W. 
7) The regions of highest P/R are found near longitude 100W. 

This suggests that the most likely unit responsible for the unusual polarization and opposition surge 
characteristics of Callisto's leading hemisphere is the band of high R, high P terrain centered near 
l00W longitude. 
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