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Introduction:  Iapetus, the third largest satellite of 

the Saturnian system, exhibits a drastic contrast in 
geometric albedo between its leading and trailing he-
mispheres, which creates a temperature difference that 
may lead to volatile transport of carbon dioxide and 
water ice [1].  The brighter trailing hemisphere is 
composed predominately of water ice, while the darker 
leading hemisphere’s spectra resembles a hydrocarbon 
polymer [2].   

Previous reflectance maps are based on coverage 
from Voyager ISS and clear filter images centered at 
0.47 microns and have not been scaled to a full bolo-
metric Bond albedo [1,3], which is a crucial compo-
nent for thermal modeling.   Instead, they are limited to 
the wavelength range of the ISS clear filter (0.31 to 
0.65 microns), which only accounts for 51% of the 
solar spectrum.  In contrast, the Cassini VIMS instru-
ment covers 99% of the solar spectrum, and the greater 
range of solar phase angles and images available al-
lowed for a more complete bolometric Bond albedo 
map.  As a first step in understanding the thermal 
properties of Iapetus, we calculated the phase integrals 
between 0.35 and 5.1 microns, produced normal reflec-
tance maps at every band of the VIMS instrument, and 
then created a corresponding bolometric Bond albedo 
map. 

Phase Integrals:  Calculations for the bolometric 
Bond albedo require values for the phase integral, 
which is a numerical representation of the directional 
scattering properties of the satellite. 

Data Analysis: In order to determine the phase in-
tegrals for the dark hemisphere, we performed disk-

integrated photometry of 451 VIMS cubes and pro-
duced solar phase curves at every wavelength of the 
VIMS instrument (0.35 – 5.1 µm).  After normalizing 
them to unity at 0 degrees solar phase angle, we calcu-
lated the phase integrals by definition [4,5]:   

 
where α is the solar phase angle and ϕ(α) is the nor-
malized VIMS disk-integrated brightness using the 
method of Pitman et al. [6]. 

For the light material we used disk-resolved pho-
tometry of twelve high-resolution VIMS images, as 
Cassini has not covered the trailing hemisphere exten-
sively.  We determined surface phase functions for the 
light material at every wavelength and then approxi-
mated the phase integrals using the method of Buratti 
and Veverka [7]. 

Results:  We plotted the phase integrals for the dark 
material (red pluses) and the light material (black cir-
cles) against the geometric albedo of the surface (Fig. 
1) to determine an appropriate scaling relationship for 
the map. 

Bolometric Bond Albedo Map:  The bolometric 
Bond albedo by definition is [6]: 

 
where q is the phase integral, p is the geometric al-
bedo, F is the intensity of the solar flux, and λ is wave-
length. 

 

 
Figure 1 Our linear fit of the relationship between phase integrals and geometric albedo for Iapetus. 
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Data Analysis:  We used all available high-

resolution VIMS cubes of Iapetus, calibrated them to 
I/F, and mosaicked them together with an equirectan-
gular projection at a resolution of 1 pixel per degree.  
We then corrected for limb darkening by using a 
Lommel-Seelinger photometric function that accounts 
for emission and incidence angles. Using surface phase 
functions derived from VIMS disk-resolved photome-
try for the leading and trailing hemispheres, we cor-
rected our mosaic to normal reflectance.  Since the 
albedo of Iapetus is less than ~0.6, multiple scattering 
is not significant, and the normal reflectance is a good 
approximation of the geometric albedo [8,9]. Using our 
relationship from Figure 1 and our normal reflectance 
mosaics at every wavelength in which the VIMS in-
strument had bands, we produced corresponding phase 
integral maps.  We then were able to calculate the 
bolometric Bond albedo pixel by pixel, weighting ap-
propriately for the intensity of the solar flux at each 
wavelength, to produce a bolometric Bond albedo map.  

Results:   Our bolometric Bond albedo map is dis-
played in Figure 2.  These results will also allow us to 
scale the Voyager results to estimate values for the 
northern cap, which was not imaged by Cassini, as 
Figure 2 demonstrates.  

 
Figure 2  Bolometric Bond Albedo Map from VIMS.   
 

Addition of Voyager ISS Results: In order to expand 
the coverage for a full bolometric Bond albedo map, 
we will add Voyager results by scaling to normal re-
flectance spectra for the light icy material using our 
phase integral/geometric albedo relationship.   Cover-
age of the north pole is particularly relevant in light of 
the possibility of a residual or temporary CO2 cap [1].  
The normal reflectance for the north pole is shown in 
Figure 3 from Squyres et al. [3].  

 
Figure 3 Reflectance contours on Iapetus, giving 
f(20°) from Voyager ISS images [3].  To convert to 
normal reflectance, multiply by 0.65. 
 

Discussion and Conclusions:  Our results predict 
lower bolometric Bond albedos values than previously 
used [1], which will in turn result in higher tempera-
tures and sublimation rates for H2O and/or CO2 ices or 
complexed material.   For the trailing hemisphere, 
these lower results are not particularly surprising, as 
the reflectance of water ice in the additional 48% of 
the solar spectrum that we included is lower than in the 
visible wavelengths.  
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