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Introduction:  Meteoroid impacts play a 
significant role in the evolution of surfaces of 
atmosphereless Solar System bodies, e.g. producing 
new small craters on the Moon [1,2]. We investigate 
surface changes near two lunar craters formed on 
March 17 and September 11, 2003, using high 
resolution imagery data (0.5 m/pixel) of the LRO 
Narrow Angle Camera (NAC) [3]. The phase- and 
temporal-ratio techniques are applied. Phase-ratio 
imagery relates to the brightness dependence on the 
phase angle α, i.e. phase function f(α). The phase-
ratio suppresses the inherent albedo variations of 
the surface, which results in f(α) slope dependence 
on the surface roughness. Images of temporal ratios 
obtained after and before an impact event help to 
separate the initial albedo distribution and the 
brightness pattern caused by impact effects. 

Results: Two NAC post-impact frames for the 
March 17, 2013 event makes it possible to construct 
the phase ratio f(45°)/f(24°) (Fig. 1a). The lowest 
values of the phase-ratio occur in a circular zone 
extending 100-150 m from the new crater 
corresponding to higher slope of the phase curve 
f(α) and, hence, to higher optical roughness. The 
temporal ratio (After/Before) calculated at α=40° 
reveals a dark halo zone extending beyond the 
asymmetric high reflectance ejecta in a more 
symmetrical pattern around the crater from 50 m 
(west-south-west) to 80 m (east-north-east).  

The second temporal ratio A/B20° allows the 
phase ratio of temporal-ratio images 
([A/B20°]/[A/B40°], Fig. 2). This ratio demonstrates 
the characteristic butterfly-wings pattern which may 
result from impactors at impact angles less than 
about 5-6º from the horizontal plane. The phase ratio 
of the temporal ratios permits one to exclude the 
effect of roughness related to the substrate surface 
on which a new crater is formed and to study the 
optical roughness of the ejecta blanket. Asimilar 
type of analysis was performed for the September 
11, 2013 impact site.  
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Figure 1. The 19-m crater created on March 17, 
2013 by LRO NAC data: (a) normalized phase ratio 
f(45°)/f(24°) (b) temporal ratio (A/B) at α=40°. 
 

Discussion: Temporal- and phase-ratio images 

expose photometric structure around the fresh cra-
ters, which can be attributed to differences both in 
surface composition and roughness. We perform a 
ddetailed comparison of the radial profiles for phase 
and temporal ratios for both the craters. We ffind 
that the most dramatic changes in phase-ratio do not 
correlate with the structure of the dark halos. This 
means that the halo at least partially can be a com-
position feature.  

 
Figure 2. Phase ratio of two temporal ratios (Af-
ter/Before) at 20° and at 40° for the March 17 crater.  

 
We suggest an explanation of such a halo by 

condensation during hyper-velocity impact around 
new craters of thin films mainly consisting of 
nanophase iron (npFe0) particles of 10 nm size. Such 
npFe0 globules being present even in quantities of 
4% in a monolayer may provide a noticeable darken-
ing according to model calculations [4]. For the 20 
kg impactor at velocity 25-30 km/s, the vapor quan-
tity would be on the order of 100 kg for the  craters 
[5]. We assess from [4] that the amount of npFe0 
needed to generate the darkening is on the order of 
100 g of nanophase iron spread up to radius of 70 m. 
Thus we conclude that the masses of impactors for 
such craters are sufficient to produce dark halos with 
the precipitated portion of the vapor. 

Conclusion: We detect photometric features of 
fresh lunar craters with high-resolution temporal- 
and phase-ratio imagery. The methods reveal a but-
terfly-wing pattern of ejecta blankets of the March 
17 crater. The halos of new craters formed on March 
17 and September 11, 2013 are dark. These halos 
can be thin depositions of evaporated material 
formed at the impacts. 
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