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Introduction:  Spectroscopy of icy satellite surfac-

es can aid us in searching for the requirements of life 

on these worlds. Compositional studies of Saturn’s icy 

satellites were one of the original primary science goals 

for Cassini’s Composite Infrared Spectrometer (CIRS) 

[1]. However, to date, CIRS surface compositional 

studies have received less attention than measurements 

of atmospheres, surface temperatures and 

thermophysical properties across the Saturn system. 

 Cassini Visual and Infrared Mapping Spectrometer 

(VIMS) data from icy moons have shown tantalizing 

evidence for H2O, CO2, possible NH3 and hydrous 

minerals, organics, metallic and oxidized Fe [e.g., 2-4], 

but the stronger fundamental spectral features in the 

mid-IR would allow confirmation of these constituents 

and more specific identifications. The spectral region 

covered by CIRS focal planes 3 and 4 is rich in emis-

sivity features due to both simple and complex mole-

cules [e.g., 5], but the study of emissivity variations in 

this region is often challenged by low signal-to-noise 

ratios for individual spectra. Our goal is to use Cassini 

CIRS to characterize the surface composition of icy 

moons. We present an approach to average CIRS spec-

tra from the full icy moon dataset on the Planetary Data 

System (PDS) to increase signal-to-noise and use emis-

sivity spectra to constrain surface compositions. 

Methodology:  Iapetus was selected as an initial 

case to test our approach, as its dark terrain appears 

spectrally complex to VIMS and has relatively high 

surface temperatures, which were expected to increase 

the IR signal. CIRS focal plane 3 (FP3) spectra from 

the PDS were obtained using the Vanilla software 

package. The Outer Planets Unified Search (OPUS) 

was used to select observations during which the dark 

material on Iapetus was illuminated by afternoon sun-

light in order to assure the highest surface temperatures 

possible. Spectra from a single observation were se-

lected in order to demonstrate the value of spectral 

averaging. The wavenumber form of the Planck black-

body equation was used to determine surface tempera-

tures. Emissivities were calculated by dividing the 

CIRS average radiances by the blackbody radiance at 

each wavenumber. 

Results and Discussion:  The averaged emissivity 

spectra reveal a feature of interest at ~855 cm
-1

 (denot-

ed by the orange arrow in the figure). This feature does 

not correspond to any known instrument artifact (D. 

Jennings, personal communication) and is the first FP3 

spectral feature reported for an icy moon. 

 
 

Elemental sulfur has a comparable spectral feature 

[6], but has another feature at ~660 cm
-1

 that is not 

observed in our CIRS spectrum. Some carbonates [7] 

and organics [5] absorb near 850 cm
-1

, but both should 

also be detectable by VIMS and yet have not been re-

ported to date. By contrast, across vast dust-covered 

regions of Mars, the only feature detectable at CIRS 

FP3 wavelengths is at ~840 cm
-1

 and is due to fine-

grained silicate minerals, such as feldspars [8]. If sili-

cates are present on Iapetus, then the extremely low 

thermal inertia values measured there [e.g., 9] are con-

sistent with sub-micron-size grains [10]. 

Conclusions:  We report the first tentative identifi-

cation of a spectral feature from CIRS FP3 icy moon 

data, at ~855 cm
-1

. Future studies will examine more 

data from Iapetus and other moons in search of emis-

sivity features and will use laboratory analogs to identi-

fy ambiguous features. If no other features are found, 

we will use lab studies to assess what compositions 

would appear featureless in the mid-IR. Whether or not 

features are found will have implications for the suita-

bility of mid-IR spectrometers to study icy moon sur-

face compositions on future missions. 
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