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Introduction:  Many lunar craters are associated 

with impact melt flows and ponds. In the classical work 

by Hawke and Head [1], a number of 55 craters are 

analysed based on orbital and ground-based images. 

Further impact melt structures are identified e.g. in [2]. 

These photogeologic studies are complemented by 

orbital radar observations of the LRO Mini-RF instru-

ment [3, 4], which reveal impact melt flows and ponds 

as regions of increased surface roughness. In this study 

we examine impact melt structures associated with the 

lunar craters Lowell [2, 5] and Donner [3] based on 

photometric modelling, elemental abundance estima-

tion, and petrographic mapping using Chandrayaan-1 

M
3
 hyperspectral image data. 

Data and Method: The first step of our method 

consists of the generation of a digital elevation model 

(DEM) of the region under study by applying the 

photoclinometry-based approach proposed in [6, 7] to 

multiple overlapping M
3
 radiance images (level 1B 

calibration [8]) acquired under different illumination 

conditions and the GLD100 [9] which is of significant-

ly lower effective lateral resolution than the M
3
 images. 

The resulting DEM has the same lateral resolution as 

the M
3
 images. The thermal emission component is 

subtracted from the M
3
 radiance spectra [10]. The 

high-resolution DEM is used to normalise the inferred 

reflectance spectra to standard geometry (30° incidence 

angle, 0° emission angle, 30° phase angle [11]) based 

on the photometric model by Hapke [12], where the 

single-particle scattering function proposed in [13] is 

used. Accordingly, for each pixel and each wavelength 

channel the single-scattering albedo and (as long as 

overlapping images acquired under sufficiently differ-

ent phase angles are available) the asymmetry parame-

ter of the single-particle scattering function are esti-

mated. The remaining parameters of the Hapke model 

are assumed to be constant and are adopted from [14]. 

The continuum of each pixel spectrum is removed 

based on its convex hull [15]. The continuum slope, 

minimum wavelength, depth and width of the absorp-

tion near 1000 nm and the slope and depth of the 

2000 nm absorption are determined [16]. On global 

scales, we relate these spectral parameters to the Lunar 

Prospector elemental abundance maps of the elements 

Ca, Al, Fe, Mg, Ti and O [17] by a regression model 

[16] (cf. also [18]), based on which high-resolution 

elemental abundance maps and petrographic maps in 

terms of the three-endmember model [19] are con-

structed. A second FeO abundance map of Lowell is 

computed using the method in [20], which relies on the 

continuum slope and depth of the 2000 nm absorption. 

Results: The melt flow in Lowell appears purple in 

the petrographic map in Fig. 1g. The logarithm of the 

1000 nm by 2000 nm band depth ratio (“LBD”) shows 

high values for the melt flow (Fig. 1e) due to an in-

creased 1000 nm and a slightly subdued 2000 nm ab-

sorption depth (cf. [21]). This also results in different 

FeO estimates of the methods in [16] and [20] 

(Fig. 1c). Fig. 1g shows that the melt flow originates at 

the lowest part of the rim of the source crater (cf. [1]). 

A very young age is indicated by the virtual absence of 

small impact craters on the flow surface (Fig. 1h). The 

melt ponds on the floor of Lowell exhibit increased 

values of the scattering asymmetry parameter (Fig. 1f), 

implying an increased steepness of the phase function 

in the covered phase angle range between about 30° 

and 60°. The LBD values of the melt ponds are similar 

to those of the melt flow (Fig. 1e). 

 The spectral signature of the Donner melt flow is 

mafic (orange in Fig. 2c). In Figs. 2b and 2c, the flow 

outline is the same as in the radar image in [3], and the 

flow occurs at the lowest part of the source crater rim. 

Conclusion: We have found that the melt flows in 

the craters Lowell and Donner are spectrally character-

ised by strong 1000 nm absorptions and high LBD val-

ues. The melt ponds in Lowell stand out as regions of 

anomalous scattering behaviour. 
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Fig. 1: (a) M3 1579 nm radiance image of Lowell crater. The melt flow originating from the small crater on the eastern rim is 

marked by “F”, the three largest melt ponds by “P1”, “P2” and “P3”. (b) DEM of high lateral resolution obtained based on 

the method proposed in [6, 7]. The vertical axis is three times exaggerated. (c) FeO content estimated according to [16] (left, 

based on both absorption troughs) and [20] (right, based on the 2000 nm absorption). (d) Reflectance at 1579 nm, topograph-

ically corrected according to [6, 7]. (e) Map of the parameter LBD = lg(depth1000/depth2000) of the area marked in (a). 

(f) Map of the asymmetry parameter of the single-particle scattering function. The melt ponds stand out as regions of in-

creased asymmetry parameter values. (g) Petrographic map overlaid on the DEM (view from southeast). R channel: basalt; G 

channel: Mg-rich rock; B channel: ferroan anorthosite. Small inset: Enlargement of the melt flow (purple). (h) LROC NAC 

image of a part of the melt flow surface (screenshot from http://target.lroc.asu.edu/da/qmap.html). 

Fig. 2: (a) M3 1579 nm radiance image of the southern rim of Donner crater. The melt flow is apparent to the north of the 

small bright crater in the centre. (b) Map of the LBD parameter. (c) Petrographic map overlaid on the DEM (view from 

northeast; colour channels as in Fig. 1g). (d) LROC NAC image of the melt flow (screenshot from http://target.lroc.asu.edu/ 

da/qmap.html). 
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