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Introduction:  Between 2004 and 2017, spectral ob-

servations have been gathered by the Visual and Infra-
red Mapping Spectrometer (VIMS) on-board Cassini 
during 23 Enceladus flybys, in addition to more distant 
surveys. The objective of the present study is to produce 
a global hyperspectral mosaic of the complete VIMS 
data set of Enceladus in order to highlight spectral vari-
ations among the different units. This requires the selec-
tion of the best observations in terms of spatial resolu-
tion and illumination conditions. It also requires an ac-
curate photometric correction. 

Data selection: We considered only observations 
acquired on the dayside of Enceladus. We have per-
formed several tests and reached a compromise between 
spatial coverage and mosaic quality by limiting inci-
dence and emergence angles to 80°. In addition, we con-
sider only hyperspectral cubes with a spatial resolution 
better than 20 km/pixel in order to have the most re-
solved dataset. Finally, cubes which are partially or to-
tally saturated are not considered. 

Photometric correction model:  The application of 
a photometric correction is an essential step in obtaining 
an homogeneous  map expressing the surface variability 
in terms of composition and physical state. To model 
photometric behavior, different models have been pro-
posed. Here we have adapted the approach of [1] which 
has been applied on other Saturnian moons [2, 3]. The 
photometric correction can be separated in two parts, the 
disk function and the phase function. The disk function 
D is computed following the Akimov model (eq. 1), 
where b and g are the photometric latitude and longi-
tude: 
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The phase function Aeq is derived by applying an ar-
bitrary fit to the observation data corrected for the disk 
function (Fig. 1). We have tested polynomial fits of var-
ious degrees and noticed that a linear fit is satisfactory. 
Hence, the following linear fit is used: 

𝐴89(𝛼, 𝜆) = 𝑎(𝜆) + 𝑏(𝜆)𝛼 (2) 

 
Fig. 1 Enceladus' phase curves at 1.8 µm. The red curve cor-
responds to the fit computed on the entire dataset 

To derive wavelength-dependent photometric func-
tion, we have focused our efforts on eight wavelengths: 
1.35, 1.5, 1.65; 1.8, 2.0; 2.25, 2.55 and 3.6 µm. We have 
chosen to use water ice features (absorption bands at 
1.5, 1.65 and 2.0 µm and reflectance peak at 3.6 µm). 
At wavelengths longer than 3 µm, the reflectance is in 
general noisier than at shorter wavelengths due to the 
intrinsic low reflectance of the surface and a lower in-
strumental sensitivity. Therefore, we did not use wave-
lengths larger than 3.6 µm.  

Generalizing the photometric function: Our ob-
jective is to retrieve parameters for any wavelength, in-
cluding those often affected by a low signal to noise ra-
tio, such as around the Fresnel peak (3.1 µm), which is 
characteristic of the crystallinity of the ice. Once the pa-
rameters a and b (from eq. 2) are computed at the eight 
selected key wavelength, we noticed that ,−b a@ .

A
ap-

pears directly correlated with the wavelength (Fig. 2). 
The correlation can be described using an exponential 
fit, giving: 
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The final photometric model we have derived in this 

work is: 
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where angles are expressed in radians. It should be 
noted that the model only depends on the observation 

1384.pdf51st Lunar and Planetary Science Conference (2020)



conditions and the wavelength, providing an easy to use 
function. 
 

 

Fig. 2 Dependence of the parameters’ ratio ,−𝑏 𝑎@ .
S
 with the 

wavelength. 

Application of the new photometric function to 
global mosaics: To investigate the spectral diversity of 
Enceladus’ surface, we have computed RGB false color 
composites of photometrically corrected mosaics. The 
red channel corresponds to the ratio between 3.1 and 
1.65 µm bands, while the green and blue channels re-
spectively correspond to 2.0 and 1.8 µm. These wave-
lengths have been selected to emphasize variations of 
the ice physical state. Both 3.1 and 1.65 µm bands are 
indicators of the ice crystallinity The ratio between the 
two bands thus enhances the variations due to ice crys-
tallinity. The 2.0 µm channel is sensitive to the water ice 
absorption, while the 1.8 µm channel falls in the contin-
uum outside of water ice bands. 

 

 
Fig. 3 RGB composite of Enceladus' South Pole corrected 
from the photometry. It is superimposed on the ISS map. 

 

We observe a strong enhancement of the red color 
along the Tiger Stripes (Fig. 3), revealing the highest 
degree of crystallinity. This is consistent with the results 
of [4]. Interestingly, this RGB color composite reveals 
a clear boundary in the circumpolar terrain between the 
leading hemisphere and southern curvilinear terrains as 
defined by [5]. This suggests that spectral variations in 
these areas are primarily controlled by geological pro-
cesses. Moreover, this RGB composite highlights a red 
area centered around 30°N, 90°W which was previously 
identified by different studies [6, 7, 8]. Here we show 
that this area is well correlated with the Leading Hemi-
sphere smooth unit defined by [5], suggesting recent en-
dogenic activity in this region, possibly comparable to 
the present-day activity in the south polar terrain. 

Conclusion: We have produced a new global color 
map which strongly emphasizes the distribution of the 
main spectral units, particularly near the Tiger Stripes. 
The area centered around 30°N, 90°W is correlated with 
the Leading Hemisphere smooth terrain defined by [5] 
and may be the signature of recent activity driven by 
seafloor hotspots, comparable to the south polar activity 
[9]. We plan in further studies to apply this new photo-
metric function to other icy satellites, to evaluate possi-
ble differences with Enceladus. 
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