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Abstract 

We present a technique to measure the relative 
amounts of crystalline and amorphous H2O-ice in 
spectra of fairly low spectral resolution and low 
signal precision.  The technique was designed to 
work on Cassini VIMS hyper-spectral data cubes. 
We demonstrate is effectiveness with an application 
to the Saturn satellites. 

1. Introduction 
Amorphous and crystalline H2O ices have been found 
combined on the surface of Quaoar [2], and Europa 
[4] and might be present on the surface of other icy 
bodies in the outer Solar System. From laboratory 
work [7; 5] it is well known that the prevalence of 
one over the other is usually characterized by shifts 
in the position of the 1.5- and 2.0-µm bands, but most 
obviously by the strength of the band at 1.65 µm and 
by variations in the shape, position and even presence 
of the Fresnel peak at 3.1 µm. 

In an extensive study of H2O ice Grundy et al [3] 
showed that the 1.5- and 2.0-µm bands can be fitted 
with Gaussians with different width and position (see 
Figure 1). While the 1.5-µm band is a complicated 
combination of several Gaussians, the 2.0-µm band is 
composed of three Gaussians, of which one is 
predominant in its contribution to the total absorption. 
Variations in ice phase affect the relative strength of 
the Gaussians that compose the 2.0-µm band [6]. 

2. Data analysis 
Cassini VIMS hyper-spectral cubes offer a wealth of 
information on the surface of the icy Saturn satellites. 
Unfortunately, one of the instrument's filter junctions 
falls on the 1.65-µm band [1] and often the quality of 
the data at the 3.1-µm Fresnel peak is not sufficient 
to detect variations in its shape. Furthermore, the 
spectral resolution is often too coarse to allow 
detection of subtle shifts.  

To demonstrate our technique, we make use of a grid 
of synthetic reflectance spectra calculated with a 
code based on the Shkuratov et al. [8] radiative 
transfer theory for atmosphere-less bodies and optical 
constants from Mastrapa et al. [6]. We fit a single 
Gaussian to the bulk of the 2.0-µm band (Table 1), 
corresponding to Grundy’s dominant Gaussian at 
2.02 µm. The fact that the fit is done to several (about 
10 on average) data points will make the approach 
stable even for noisy observations. We ratio the 
synthetic spectra by the Gaussian fit to obtain a 
function, shown in Figure 2, that varies 
systematically, in the range shown in red in the figure, 
with changes in the relative amounts of crystalline 
and amorphous ice. The advantages of applying this 
technique to the Cassini VIMS data are twofold: the 
technique is independent of the spectrum resolution 
and is stable even when applied to fairly noisy data. 
We demonstrate its effectiveness on the Saturn 
satellites spectra.  

 

Figure 1: Grundy et al. [3] figure illustrating the 
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Gaussian components of a section of the spectrum of 
crystalline H2O ice.  

 

Figure 2. Ratio of synthetic spectrum to Gaussian fit 
for a variety of amorphous and crystalline mixtures 
illustrates the variations in the shape of the 2-µm 

band to be expected as the relative amounts of 
crystalline and amorphous ice varies. 

 

3. Tables  
Table 1: Grundy et al [3] table illustrating the 
position of the centers of the Gaussians contributing 
to the section 

 

4. Summary  
We present a technique to measure the relative 
amounts of crystalline and amorphous ice on the 
surface of icy bodies making use of their reflectance 
spectra 2.0-µm band. The technique is independent of 
spectral resolution and stable for relatively noisy data. 

We illustrate the effectiveness of the method with an 
application to Cassini VIMS cubes of the Saturn 
satellites. 
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