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Introduction: Impact melts are a common compo-

nent at craters on planetary surfaces, especially where 
processes of erosion are least active (such as the 
Moon). As a result, the character and distribution of 
impact melts provide clues for understanding planetary 
surface evolution. Extensive studies by earlier workers 
have shed light on the formation and evolution of im-
pact melts [e.g. 1, 2]. However, most of the studies, 
especially in the lunar context, have been focused on 
morphological aspects. Very few studies [e.g. 3, 4] 
have explored the spectral domain which expands the 
scope by providing compositional information. 

Recent availability of high spatial and spectral res-
olution datasets from various instruments on multiple 
missions sent to the Moon, provide an opportunity to 
study impact melts in a lot more integrated way than 
was earlier possible. We have initiated  a global survey 
of impact melts focusing primarily on the composi-
tional properties as derived from reflectance datasets 
[5]. At the same time, we supplement our observations 
with high spatial resolution data in order to understand 
the geological context better.  

Here, we discuss the character of impact melts ob-
served at crater Tycho as an example of the spectral 
diversity that can be expected in impact melts. We 
have used Chandrayaan-1 Moon Mineralogy Mapper 
(M3) data (corrected for photometry and thermal con-
tributions) [6] in conjunction with Kaguya Terrain 
Camera (TC) data [7] in this work.  

Impact Melts at Crater Tycho: Tycho is a rela-
tively young 86 km diameter, complex impact crater in 
the lunar nearside highlands with an extensive bright-
ray system and a dark halo around its rim, believed to 
be due to the presence of impact melts. The interior of 
Tycho (walls, floor and central peaks) also contain 
deposits of impact melt. Though Tycho is located in 
the highlands, it shows signatures of high-Ca pyrox-
ene-bearing lithology at number of locations [8]. Since 
this highland composition is uncommon, it has been 
suggested that Tycho excavated a pluton with gabbroic 
affinity. Alternative explanations in the form of post-
crater volcanic activity have also been proposed [9,10] 

M3 Observations – Regional Scale: The spectral 
diversity at the crater indicates the presence of high-Ca 
pyroxene rich lithology (Fig. 1), in agreement with 
previous analyses. Although crystalline anorthosite has 
also been reported in the central peak [11], we haven’t 
detected it yet with M3, perhaps due to occurrence of 
the deep shadows in the area.  

The high spectral resolution of M3 suggests a dif-
ferent composition of the eastern wall which displays 

prominent 1 and 2 µm absorptions at much longer 
wavelengths than other locations studied within the 
crater so far. It is however yet to be ascertained if tar-
get heterogeneity is the cause of this variation.  

 
Fig. 1 Spectral diversity observed at crater Tycho. 
Most of the spectra display similar 1 and 2 µm absorp-
tion band centers. Black arrows mark the well-defined 
absorptions at the central peaks. The purple spectra 
from eastern walls (marked with red arrows & offset 
for clarity) is notably different with longer 2 µm ab-
sorption and thus more Fe and Ca-rich pyroxenes. 

 
M3 Observations – Local Scale: Apart from the 

crater scale observations, local variations in the char-
acter of the impact melts were also observed emphasiz-
ing the heterogeneity at small spatial scales. Two melt 
patches on the floor (rough and smooth) located north-
east of the central peaks (Fig. 2c) show a difference in 
their spectral character (Fig. 2e). While the smooth 
patch (solid purple line marked with black arrow) has 
very weak 1µm absorption and no 2 µm absorption, 
the rough patch (dotted purple line marked with black 
arrow) has relatively strong 1 and 2 µm absorptions.  

Impact melts sampled at various locations were al-
so compared with the rocks on the central peaks (Fig. 
2d and e). It can be observed that the rocks (shown in 
orange) show variation in their mineralogy in terms of 
short and long wavelength 1 and 2 µm absorptions 
(green arrows indicate one such variation). Similar 
variations are also observed amongst the sampled im-
pact melts (spectra shown in purple and marked with 
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red and black arrows). We suggest that such differ-
ences in impact melts could be due to multiple causes: 
variable crystallinity (proportion of glassy to crystal-
line material), different clast fraction, potential melt 
differentiation, or even target heterogeneity coupled 
with inefficient mixing of melts. 

 Conclusions & Future Work: The observed 
spectral diversity amongst impact melts suggests that 
their compositional attribute is a rich source of infor-
mation for determining possible target composition, 
efficiency of melt mixing during formation as well as 
their relative cooling rates (determined from their crys-
talline/glassy character). In certain cases (as in case of 
smooth vs rough impact melt), there also seems to be 
an observable link between the morphological form 
and the composition. 

Similar integrated spectral and spatial studies of 
impact melts at several other craters (including Coper-

nicus, Aristillus, King and Eratosthenes) are under-
way. Future studies would aim at looking at the com-
mon characteristics of impact melts as well as the most 
important causes of their variations. 
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 Fig. 2 Spectral variations among impact melts and rocks, supplemented by their geological context. (a) Kaguya TC 
context image of Tycho crater (b) M3 image showing sampled regions. (c) Kaguya TC image showing the smooth 
and rough impact melt exposures on the floor, (d) Kaguya TC image showing sampled impact melt and rock boul-
ders on the central peak (e) M3 spectra of the sampled locations. Note the difference in spectral character of smooth 
melt (purple solid line marked with black arrow) and rough melt (purple dotted line marked with black arrow). The 
green arrows point to the relative difference in 2 µm band for the central peak rocks. Spectra are offset for clarity. 
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