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Introduction: Saturn’s satellite Iapetus shows one 

of the most striking dichotomies in the Solar System, 
with the leading side significantly darker than the trail-
ing side. Understanding the origin of the dark material 
coating the leading hemisphere of Iapetus is a focus of 
the Cassini mission. Proposed sources of the accreted 
particles are Phoebe and Hyperion, or even other small 
dark bodies. Phoebe was first invoked to be the source 
of the dark material coating the leading hemisphere of 
Iapetus: according to the first version of the exogenous 
model [1], particles from Phoebe were spiralled to-
wards Saturn due to the Poynting-Robertson effect, 
and, since moving inward on retrograde orbits, were 
collided with Iapetus’ leading side. Afterwards, Hype-
rion’s parent body was suggested as a potential source 
of particles impacting the leading hemisphere of Iape-
tus, because of an advantaged mass transfer [2, 3]. 

The VIMS experiment onboard the Cassini Orbiter 
combines the ability of acquiring spectra in the 0.35 – 
5.1 µm range with imaging capabilities [4]. With the 
data now available, characterized by a wider spatial 
and spectral coverage, and a better spatial resolution 
than those achieved by the Voyager probes, a more 
exhaustive comparison can be attempted. In this case, 
we applied the G-mode clustering method to the 1 – 5 
µm infrared portion of the VIMS spectra relative to 
Iapetus, Phoebe and Hyperion, in order to automati-
cally search for spectral affinities among the three bod-
ies in this range. 

The G-mode method: The G-mode method allows 
to classify a statistical universe described by N samples 
each depending on M variables into homogeneous 
taxonomic units, considering the instrumental errors. 
Details of the method are given in [5, 6]. 

Procedure: In this application, a global set of 857 
infrared spectra was considered, sampled in 256 wave-
lengths from ~0.9 to 5.1 µm. The overall universe of 
samples is made up by 158 spectra from a cube of 
Phoebe acquired during the close flyby occurred on 11 

June 2004; 411 spectra from a cube of Iapetus ac-
quired during a distant flyby occurred on 31 December 
2004; and 288 spectra from a cube of Hyperion ac-
quired during a close flyby on 26 September 2005. All 
of the spectra were calibrated in radiance by means of 
the responsivity function provided by the VIMS team 
[7], keeping into account the exposure time; divided 
by the solar radiance scaled for the heliocentric dis-
tance of the target in order to obtain a I/F spectrum; 
and finally despiked. 

The I/F spectra were organized into a text file (857 
rows and 256 columns), used by the G-mode algorithm 
as an input, with a header containing information on 
the file and the error applied to each variable. This 
error corresponds to the average value of the inverse of 
the SNR typical of the infrared channel of VIMS. It is 
worth noticing that, since all the major satellites of 
Saturn are characterized by a spectrum in which the ice 
and bound water features are very prominent, the 
weight of the statistical variables is computed accord-
ingly by the G-mode program. In this sense, the classi-
fication is automatically performed on the basis of the 
variables (bands) which are more significant. Another 
key parameter for the classification, that can be either 
defined by the user or automatically computed by the 
program in an optimized way, is the confidence level 
of the statistical test. By changing this level it is possi-
ble to obtain different levels of classification and cor-
respondingly different degrees of class homogeneity 
[6]. The confidence level usually applied ranges from 
94.3% up to 99.9%. 

Results: With high confidence level (99.86%), 
three average spectral types are found by the procedure 
(Fig. 1). From a spectral point of view, the most inter-
esting range appears to be the one beyond 3 µm, 
where, besides the water ice and hydrated minerals 
features typical of these icy satellites, other com-
pounds were first identified [8, 9]. By plotting the 
samples in a three-dimensional space in which the 
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variables are the I/Fs corresponding to the characteris-
tic features of H2O ice (1.50 µm), trapped CO2 (4.26 
µm) and the C≡N bond (4.55 µm) or the aromatic C−H 
stretch (3.3 µm), the three average types are arranged 
as in Fig. 2. The position of the barycentres of the ho-
mogeneous classes gives information about their statis-
tical distances. Two large groups are evident, while the 
third is made up by just a few samples. 

By plotting the same samples with colours related 
to the corresponding satellites, it can be seen that the 
first type is made up by samples from Iapetus and 
Phoebe, while the second type includes most of the 
samples from Hyperion (Fig. 3). 

Moreover, within the first type, two branches can 
be recognized: these samples belong to the leading 
(dark) and trailing (bright) hemisphere of Iapetus, re-
spectively. Samples belonging to Phoebe appear to be 
closer to those of the dark side of Iapetus, so the spec-
tral affinity is stronger in this sense and in the explored 
spectral range. 

Although abundances were not computed in this 
work, by analyzing the 2-D projection of this plot, 
another result can be inferred. The reflectance of the 
CO2, CN (and CH) features, somewhat related to the 
abundances of these compounds, seems to be poorly 
dependent on the amount of water on the dark side of 
Iapetus, while on the bright side this correlation is 
more strict. 

Conclusions: The use of a clustering method such 
as the G-mode can help in finding spectral correlations 
between different bodies or different areas of a given 
body, on the basis of many weighted variables. In the 
case of Iapetus, this work can give some indications 
about the discrimination of the possible sources of the 
dark material coating its leading hemisphere. In this 
employment, a stronger spectral correlation between 
Iapetus and Phoebe, with respect to Hyperion, is 
pointed out on the basis of 256 infrared wavelengths 
measured by VIMS. Moreover, some other interesting 
spectral trends, related to the abundances of some 
volatile compounds, can be pointed out as well. 
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Fig. 1 Average spectral types found by the G-mode proce-
dure on a set of 857 spectra of Phoebe, Iapetus and Hype-
rion. 

 
Fig. 2 The distribution of samples is shown in the space of 3 
variables, corresponding to the reflectances measured in the 
wavelengths characteristics of water ice H2O (1.50 µm), CO2 
(4.26 µm),and the C≡N bond (4.55 µm). In the upper box, a 
projection on the CO2 – H2O plane is provided, with infor-
mation about the positions of the barycentres of the classes. 

 
Fig. 3 Here the same distribution is shown in terms of the 
real objects belonging to the identified types. The main type 
(Type 1 in the previous graph) is made up by spectra of 
Phoebe and the dark hemisphere of Iapetus, while another 
branch presents a stronger correlation with Hyperion (Type 2 
in the previous graph). 
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