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Introduction:  Impact melt is a common product 

of the cratering process in the solar system and there-
fore occurs on numerous planetary bodies. Impact 
melt-dominated units occurring in close proximity to 
craters on the Moon have been identified and studied 
in terms of their morphology [e.g. 1,2]. However, very 
few studies [e.g. 3,4] have dealt with their mineralogi-
cal character (especially on large spatial scales) alt-
hough impact melt in returned lunar samples and me-
teorites has been extensively studied [e.g. 5,6]. 

We have recently started a systematic study of lu-
nar impact melt using high spectral resolution data 
from Moon Mineralogy Mapper (M3) onboard Chan-
drayaan-1 mission. Our initial results [7] have provid-
ed new insights into the impact melt mineralogy in-
cluding compositional heterogeneity at scale of several 
kilometers. Some of these observations have funda-
mental implications for understanding the melt for-
mation and evolution on spatial and temporal scales 
with respect to composition. 

A quantitative approach to map the distribution of 
mineralogically and/or texturally distinct impact melt 
units at Copernicus crater floor is presented here using 
Hapke’s non-linear radiative transfer model [8].  

Data and Methods:  We have used spectral reflec-
tance data from the Moon Mineralogy Mapper (M3) 
instrument, corrected for viewing geometry and ther-
mal emission. M3 is an imaging spectrometer operating 
between 460 – 3000 nm in 85 spectral bands with a 
spatial resolution of 140-280 meters per pixel [9,10]. 

  Hapke’s Model: The model treats light interaction 
with matter as a combination of single and multiple 
scattering components where each component is pri-
marily expressed in terms of single scattering albedo 
(SSA) along with several other parameters that are 
affected by the viewing geometry. The model has been 
extensively used in scientific disciplines [e.g. 
11,12,13]. Several assumptions inherent in the model 
and some additional assumptions that we make in the 
present study provide a framework for interpreting the 
obtained results.  

Assumptions:  i) Particle size is always larger than 
the interacting wavelength of light. ii) Light is scat-
tered isotropically, i.e. P(g) = 1. iii) No contribution 
from backscattering, i.e. B(g)=0. iv) Space weathering 
and topography are assumed to have no effect. The 
floor of the crater has an overall low relief so topo-
graphical effects can be largely ignored. We partially 
accommodate space weathering by having featureless 
bright and dark end members. v) Selected end mem-

bers are unique in their composition (not mixtures of 
other components) and other properties. They are also 
adequate to explain the observed compositional varia-
tion in the study area. This assumption is not entirely 
true since scene derived end members are likely mix-
tures. However, they have the advantage of accommo-
dating inherent noise (associated with residual calibra-
tion) in the remotely acquired data which is otherwise 
difficult to model with laboratory end members. 

 Approach: The melt-rich crater floor (after mask-
ing the central peaks) has been analyzed by two ap-
proaches using image end members selected from the 
region. In order to realistically capture compositional 
variations and not just albedo differences (which could 
also be caused by factors not related to composition), 
the crystalline end member spectra were scaled to have 
similar albedos and spectral analysis range (700-2500 
nm) was restricted. The first approach involves con-
verting M3 reflectance of the target region into single 
scattering albedo (SSA) using Eq. 11.6 and 11.3 from 
[14]. Because the SSAs of multiple components in a 
mixture combine linearly, the SSA image can be un-
mixed using linear unmixing techniques. The image 
data were analysed using ENVI (Environment for Vis-
ualization of Images) linear unmixing routine. This 
approach provides an efficient way of evaluating 
whether selected end members are adequate to explain 
the observed variation and produces end member pro-
portion maps. However, the results from this approach 
need to be interpreted with caution because the ENVI 
algorithm does not strictly apply constraints such as 
end member proportions sum to unity and allows nega-
tive proportions (which is unrealistic). The results 
therefore cannot be interepreted in an absolute sense.  

In the second approach, image end members were 
selected and their reflectance converted to single scat-
tering albedo (SSA) using Hapke’s formulation [14]. 
The end members were linearly added to generate mix-
tures, in specified proportions (10% increments in our 
case), providing a look-up table encompassing the 
range of observed spectral diversity in the study re-
gion. Subsequently, the mixture array was converted 
back to reflectance using Eq. 11.5 from [14] to enable 
comparison of the reflectance spectra from the study 
region with the synthetically generated mixture library. 
For each pixel in the study region, a spectrum is se-
lected from the mixture array that gives the least rms 
error. Finally, the selected mixture spectrum for a giv-
en location is decomposed into corresponding end 
member proportions to understand the mineralogical 
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diversity. Needless to say, this process is iterative and 
even with best set of end members, mismatch in the 
observed vs modeled spectra usually remains because 
of the several simplifying assumptions made in the 
model and the particular study. The obtained results 
should be interpreted with these caveats. 

Results: Preliminary results (shown below) from 
the first approach suggest 5 end members (Low Ca-
Pyroxene, High Ca-Pyroxene, Olivine, High albedo 
and Low albedo component) are able to adequately 
explain the observed variability in the impact melt on 
the floor of Copernicus crater. Interestingly, the distri-
bution of crystalline endmembers EM#1 and #3 mimic 
compositional heterogeneity of impact melt determined 
independently [7].  The color composite in (ii) based 
on spectral parameters is closely matched by the color 
composite in (iii) based on the unmixing results pre-
sented here. The parameters used in each composite 
are broadly comparable. Results from the second ap-
proach would be better constrained and hence quanti-

tatively more reliable.  The comparison of the results 
from two approaches used here would permit robust 
interpretation of the spectral diversity of impact melt 
on Copernicus floor. The same would be discussed.  
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