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Introduction: Using the phase-ratio technique, we 

have found several areas with anomalous phase func-
tions of brightness (photometric anomalies) in Ocea-
nus Procellarum [1-3]. Areas 1-3 (see Fig. 1) reveal an 
anomalously steep slope of the phase curves, which 
implies higher surface roughness. The slope is charac-
terized with the coefficient k used in exp(-kα) to ap-
proximate Earth-based observational data over a wide 
range of phase angles α [1].  

 
Figure 1. Spatial distribution of the parameter k of the phase 

function exp(-kα) approximating data acquired at λ = 0.65 
µm and the phase angles 14.1º, 21.8º, 24.5º, 26.7º, 31.9º, 

46.0º, 54.3º, 59.8º, 67.3º, 73.1º. 

Findings: Surprisingly, we have detected the same 
anomalies in UV reflectance data obtained by the LRO 
LAMP http://target.lroc.asu.edu/q3 that observed the 
night lunar surface using the sky-hemisphere illumina-
tion in the Lyman-alpha (119.57–123.57 nm) wave-
length band [4]. Figure 2 shows a fragment of the UV-
albedo map; arrows indicate the low UV-albedo areas 
that coincide with areas shown in Fig. 1.  

UV-albedo anomalies also can be explained by sur-
face roughness. In Fig. 3, we consider rough (left) and 
flat (right) surfaces. The oblique rays are shielded by 
roughness prominences and do not contribute to the 
illumination of surface pits. Such shielding is absent 
for a flat surface. Thus, the effect of low UV albedo 
may be related to the surface roughness, not to the 
absorption properties of the lunar regolith in the UV 
range. If so, the anomalies (Figs. 1 and 2) have a 
common nature.  

 
Figure 2. A fragment of the UV-albedo map (Lα line) pub-
lished in http://target.lroc.asu.edu/q3. Arrows 1-3 show the 

UV reflectance anomalies that are the same as in Fig. 1.  

 
Figure 3. The lunar sky is a hemispherical source of Lyman-

alpha illumination. A rough surface effectively shields 
oblique incident rays.  

 
Figure 4. Areas #1-3 (and complimentary to those), for 

which the crater count has been carried out.  

Although this explanation can be valid for the 
roughness at all scales, it is most likely that the effect 
is largely related to the small-scale roughness formed 
by craters and rocks <10 cm in size. In order to assess 
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the potential influence of larger features (e.g., impact 
craters >100 m diameter), we have performed crater 
size-frequency distribution (CSFD) measurements [5] 
in areas that are inside and outside of the anomalies 
(Fig. 4).   

  
Figure 5. Absolute model ages of the area inside (a) and 

outside (b) the anomaly 1 (see Fig. 4).  

  
Figure 6. Absolute model ages of the area inside (a) and 
outside (b) the anomaly 2 (see Fig. 4).  

The CSFD measurements were performed on the 
WAC images with the help of the CraterTools applica-
tion to the ESRI ArcGIS [6]. The SFD curves have 
been approximated with the help of CraterStats pro-
gram [7], which provides estimates of the absolute 
model ages, AMA [5].  

Discussion and Conclusions: The results of the 
CSFD measurements (Figs. 5-7) show the same AMAs 
for the first two anomalies and the areas near them. For 
the third anomaly, its AMA is slightly higher than for 
the nearby area. We consider two formation scenarios 
of these anomalies. 

The first is an impactor hypothesis that resulted in 
partial denuding of shallow flooding of elevated high-
land areas [2]. The impacts could eject the highland 
material, which is in agreement with the low abun-
dance of TiO2, but may not explain well the higher 
small-scale roughness of the surface.  

   
Figure 7. Absolute model ages of the area inside (a) and 

outside (b) the anomaly 3 (see Fig. 4).  

The second scenario may relate to ejecta from the 
crater Tycho. It is conceivable that some of Tycho’s 
ejecta could represent compact swarms of rocks sever-
al ten meters in diameter. If the swarms had low veloc-
ities (~1 km/s), highland material could be deposited 
on the surface in the form of fragments. The age of the 
crater Tycho is ~100 Ma; during this time a considera-
ble part of larger (1-10 m) rocks disappears leaving a 
large population of smaller fragments [8]. During this 
time, a hierarchically arranged construction of stones 
and debris could be formed. Such hierarchical struc-
tures may be responsible for strong backscattering of 
the surface [9]. Thus, the unusual behavior of the 
phase function may be explained by the different 
small-scale roughness of the surface within of the 
anomalous areas. The characteristic scale of such 
roughness (<1 m) prevents its detection even in the 
high-resolution LROC NAC images. 
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