
Figure 1.  The water-ice subtracted  spectrum of  
the darkest (and poorest in CO2) ejecta from Kittu 
is consistent with a mixture of Ganymede nonice 
material and a C-type impactor.  An albedo model 

Figure 2.  The spectrum of the nonice material on 
Callisto, derived from a single high-resolution 
observation, is similar to the laboratory spectrum 
of powdered Murchison meteorite. The Callisto 
spectrum has been scaled to match the reflectance 
of the darker Murchison spectrum.   However, the 
spectral similarity ends beyond 4 microns (not 
shown), and other materials, such as goethite, 
also have similar spectra in the near infrared 
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Introduction:  Dark ray craters on Ganymede are 
believed to result at least partially from impactor 
contamination because they occur on many terrain 
types of many ages [1,2].  Of the many dark ray 
craters on Ganymede, Kittu, Antum, Tammuz, Mir, 
and Melkart impact craters were all observed by the 
Near Infrared Mapping Spectrometer (NIMS) at a 
spatial resolution better than 10 km/pixel.  Of these 
five dark ray craters,  Kittu crater posseses a visible 
color spectrum distinctly flatter than other dark ray 
craters, more similiar to C-type asteroid material 
rather than redder D-type material [2]. We 
investigate the near infrared characteristics of the 
dark ejecta from Kittu and the other four craters for 
spectral evidence of impactor contamination.  
Using waterice albedo or bidirection reflectance 
models, we first subtract the effect of water ice 
from the dark ejecta (Figure1).  We then can 
compare the residual spectrum to mixtures of 
Ganymede, Callisto, and other nonice materials.   

 
Discussion:  Our initial work for the dark ejecta of 
Kittu (Figure 1) shows that the 1 to 5-µm spectrum 
of this Kittu dark material is very similar to a 50/50 
linear mixture of the hydrated Ganymede nonice 
material [3] and the less-hydrated Callisto non-ice 
material [4,5].  Other work (Figure 2) shows that 
the spectrum of Callisto nonice material between 1 
and 4 microns is similar to CM chondritic material.  
We therefore infer, along with previous workers, a 
possible compositional similarity between C-type 
asteroids and Callsito non-ice material and 
conclude, consistent with [2], that the Kittu 
impactor was spectrally similar to a C-type asteroid.  

Other areas on Ganymede, not related to dark ray 
craters, do not show any evidence of impactor 
contamination in the infrared and are spectrally 
very similar to mixtures of only water ice and the 
Ganymede nonice endmember [5].   

The dark ejecta of Kittu is depleted in CO2 
relative to the surrounding terrain that is unaffected 
by the impact.  Depletion of CO2 in dark ejecta is 
common on Ganymede, and CO2-rich impact 
craters are rare (unlike for Callisto) [6].  We 
postulate that the depletion of CO2 in dark ejecta 
relative to surrounding terrain is conistent with 
impact contamination in all cases, and due to the 
mixing of CO2-depleted impactor material with 
Ganymede surface material.  This mixing reduces 
the spectral signature of CO2 from that expected if 
only Ganymede nonice material were present.  We 
will now investigate the spectra of dark ejecta from 
Tammuz, Antum, Mir and Melkart for specral 
evidence of contamination with D and C-type 
asteroidal  and other nonice materials.  
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