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Introduction:  The dependence of the lunar sur-

face reflectance on the phase angle α is affected by the 
porosity and roughness of the lunar surface. Phase-
ratio imagery allows studies of the phase curves in 
each pixel of lunar surface images. In this method the 
ratio of images acquired at different phase angles is 
calculated. This suppresses the inherent albedo varia-
tions of the surface; the resulting image presents varia-
tions of the phase function slope, which are dominated 
by the shadow effect and incoherent multiple scatter-
ing [1-3].  

For the Moon an inverse correlation between the 
slope and surface albedo is usually observed [2,4,5]. 
Significant deviations from this rule indicate the pres-
ence of photometric anomalies; they can be explained 
by the disturbance of the lunar regolith structure. An 
anomaly with smaller phase-curve slope (a negative 
anomaly) indicates less surface roughness; whereas, a 
steeper phase-curve slope (a positive anomaly) corre-
sponds to higher surface roughness [2,4,5].  

Several examples of positive anomalies were re-
cently found in the south-west portion of the lunar 
disk, the Oceanus Procellarum anomalies [4]. They can 
be interpreted as regions of very fresh shallow regolith 
disturbances caused by impacts of meteoroid swarms 
consisting of rather small impactors. Using phase-ratio 
imagery, we have shown that the landing sites of the 
Apollo-14, -15, and -17 missions are negative anoma-
lies of approximately 170x120 m size [5]. They are 
caused by the engine jets of the landing modules.  

Here we continue to apply the phase-ratio method 
using data from NAC LROC onboard NASA LRO 
spacecraft [6] with the aim to identify naturally altered 
regolith structure on the wall of Vallis Schröteri.  

Phase-ratio imagery of Vallis Schröteri:  We 
map a phase ratio of a portion of the largest sinuous 
rille on the Moon - Vallis Schröteri [7]. Figure 1 pre-
sents the reflectance image of the eastern slope of the 
Cobra Head. We use a small part of the frame 
M102486385LC (1.46 m/pix resolution, α=66°) with 
pixel numbers calibrated in radiance, μW/cm2·sr·nm; 
the proper scale bar is shown in Fig. 1. The slopes of 
the Cobra Head formation (downhill direction is from 
right to left) display brightness variations. This pattern 
may be a manifestation of slope processes. Debrii can 
be pulled down by gravity and collected at the base of 
the wall or in small topographic lows. Creeping or 
landslides can also trigger lunar dust avalanches.  

In order to obtain a phase-ratio image we coregis-
tered the image shown in Fig. 1 with the higher-phase-
angle frame M102479227LC (1.43 m/pix, α=78°). The 
ratio of coregistered images (66°/78°) is presented in 
Fig. 2. This image is largely free of the albedo influ-
ence, thus revealing the variations of the phase-
function slope. Bright spots in Fig. 2 corresponding to 
increased phase slopes are positive photometric 
anomalies; some of them are pointed out by white ar-
rows. Several darker spots in the scene (excluding 
black shadows) correspond to smaller phase slope 
(negative anomalies). Their examples are pointed out 
by black arrows. 

We note that a large part of the wall in the middle 
of the scene with distinct reflectance variations do not 
show up in the phase-ratio distribution. We believe 
that areas of positive photometric anomalies corre-
spond to increased surface roughness that is naturally 
produced by accumulating of boulders, blocks and 
rock fragments with sizes up to image resolution 
(~1.5 m) during the slope processes. Phase-ratio im-
agery allows one to distinguish the shapes of streams 
moving downhill (cf. lobate features shown by white 
arrows and filamentous features in the lower part of 
Fig. 2). Negative photometric anomalies may indicate 
dust produced at erosion of rocks by micrometeorite 
bombardment and streamed downslope by the gravity. 
These dust avalanches may level the local topography 
making surface smoother. We note that photometric 
anomalies caused by alteration of upper regolith layers 
can be hardly distinguished in reflectance (Fig. 1). 

Conclusion:  The phase-ratio method is very use-
ful to search for photometric anomalies of the lunar 
surface. The phase-ratio imagery allows the remote 
sensing determination of the surface microstructure 
and roughness. This method can be widely used in 
geology of the Moon, Mars, asteroids, and satellites of 
planets, e.g., to detect areas of fresh slumps, eroded 
surface material, accumulated dust on the craters walls, 
terraces, floors.  
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Figure 1. Vallis Schröteri imaged by the LROC NAC. 
Pixels are calibrated in radiance units. North is up. 

 
Figure 2. The phase-ratio image (66°/78°) of the same 
area as in Fig. 1. Pixels DN are given in relative phase 
slope units. 
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