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Introduction:  While the most widely discussed enig-
matic photometric regions on the Moon are swirls, 
recent data sets are cataloguing other unusual photo-
metric anomalies with similarities to lunar swirls, but 
fundamental differences as well [1, 2]. Lunar swirls 
have a high visible and near-ultraviolet (NUV) albedo, 
low far-ultraviolet (FUV) albedo, wispy or sinuous 
surface morphology, are often associated with magnet-
ic anomalies, and possess curious photometric charac-
teristics [3-6]. However, using ground-based observa-
tories in Uzbekistan (Maidanak) and Crimea, Ukraine 
(Simeiz), Shkuratov et al., [1] discerned three anoma-
lous regions in the southeast region of Oceanus Procel-
larum they denoted as ‘probable swirls’ that are re-
moved from magnetic anomalies mapped by the Lunar 
Prospector fluxgate magnetometer (Fig. 1; ellipses 1-
3). Shkuratov et al. [1] discriminated these deposits by 
examining photometric properties of the lunar nearside 
in several visible spectral bands. Using photometric 
phase ratios (e.g., f(23°)/f(44°) at λ = 0.53 µm; 
f(44°)/f(96°) at λ = 0.53 µm; f(39°)/f(86°) at λ = 0.65 
µm), Shkuratov et al. [1] noted that these three anoma-
lies do not obey the expected inverse correlation be-
tween albedo and phase-curve slope. Instead, these 
three regions demonstrated high phase-curve slopes at 
intermediate albedo. 

 Recently, a study using Lu-
nar Reconnaissance Orbiter 
Camera (LROC) Wide-Angle 
Camera (WAC) data discovered 
an additional photometric 
anomaly further southeast in 
Mare Nubium [7] (Fig. 1; el-
lipse 5). Korokhin et al. [7] 
characterized this anomaly with 
low FeO and TiO2 abundances 
and little distinguishing thermal 
properties relative to its sur-
roundings as observed in Divin-
er rock abundance data [8]. 
However, Korokhin et al. [7] 
did find that this area has a 
higher sloped phase function 
than its surroundings, anoma-
lous behavior they suggest re-
sults from a difference of sur-
face structure in the anomaly 
and surrounding regions on the 
scale of less than several centi-
meters. Korokhin et al. [7] in-
terpreted the area as a shallow 

flooding of an elevated formation of highland compo-
sition, the material of which could have been excavat-
ed and mixed within the upper layers of the lunar sur-
face through meteoroid impact scouring. 

LAMP FUV Perspective: The LRO Lyman Alpha 
Mapping Project (LAMP) routinely collects both day 
and nighttime data of polar and equatorial regions of 
the Moon providing insights into the upper ~200 nm of 
the regolith via the FUV [9-11]. It is ideally suited to 
study these shallow regolith anomalies. Initial efforts 
to examine daytime non-polar LAMP data revealed 
latitudinal variations in hydration and locations of the 
lunar swirls [5, 12, 13]. We build upon these works by 
mapping the nighttime Lyman-α (Ly-α; 121.6 nm) 
albedo values and examining FUV spectra of these 
spatially discrete photometric anomalies.  

LAMP is a FUV push-broom photon-counting im-
aging spectrograph collecting data in the 57-196 nm 
spectral range [9]. The data set examined here is 
unique in that it observes the lunar nightside via illu-
mination by solar Ly-α scattered off of interplanetary 
H atoms from all directions. The Ly-α sky glow inten-
sity varies with respect to the motion of the solar sys-
tem and point sources from UV-bright stars, which are 
more plentiful in the southern hemisphere owing to the 
Galactic plane [9, 14]. Thus, the signal-to-noise of the 

 
Fig. 1: Lunar nearside anomalies as observed in (Top left) WAC 415, (Top 
Right) WAC 321/360 nm, (Lower Left) 321/415 nm, and (Lower Right) 
nighttime Ly-α observations (30 ppd). (Black ellipses) Enigmatic visible and 
ultraviolet regions. 
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LAMP nighttime data varies with latitude, increasing 
from north to south.  

 Observations and Discussion: Several (5) dis-
crete low albedo features are observed and examined 
in the LAMP Ly-α band within southeastern Oceanus 
Procellarum and northwestern Mare Nubium (Fig. 1-
2). These are unique within their region being the only 
features to crisply stand out in Ly-α. Interestingly, 
they are characterized with lower Ly-α albedo relative 
to not only the surrounding maria but also the nearby 
lunar highlands regions. They also appear more spa-
tially coherent and with a distinctly lower albedo rela-
tive to many lunar swirls observed in Ly-α [5]. How-
ever, it should be kept in mind that variations in abso-
lute albedo depend on the current calibration and un-
derstanding of the variability of the illumination.  

Some of these anomalies are not easily observed in 
LROC WAC 415 nm reflectance, but are able to be 
discerned in LROC WAC ratio and color composite 
data [4, 15]. Still, others, like the region in ellipse 4, 
are not as easily observed in WAC data products (Fig. 
2). Most do not appear to correlate with a rise or fall in 
topography, are not observed in Mini-RF S-band data, 
but do slightly deviate from surrounding CF values and 
have slightly higher 415 nm reflectance in WAC color 
composites. They also do not exhibit the wispy or sin-
uous geomorphology of swirls and are not associated 
with LP observed magnetic anomalies; this may con-
tribute to the lack of swirl sinuous geomorphology.  

Conclusions: LAMP non-polar nighttime data are 
providing unique views of the Moon. The shallow pen-
etration depth of FUV light ties these features to young 
features on the lunar surface. Identified within the non-
polar nighttime Ly-α (121.6 nm) observations are sev-
eral (5) low normal albedo regions within the south-

eastern Oceanus Procellarum and northwestern Mare 
Nubium regions of the Moon. Three of them are con-
sistent with anomalies from previous photometric ratio 
studies [1], one is consistent with a very recent LROC 
analyses [7], and one is newly observed and reported 
here. They are observed in Ly-α as spatially discrete 
regions, visually less diffuse and with lower albedos 
than surrounding highlands terranes, lunar swirls, and 
pyroclastic deposits. In contrast to swirls, none of them 
are associated with magnetic anomalies. The low nor-
mal Ly-α albedo of these anomalies suggest that at 
least the uppermost layer of the surface is young and 
immature and potentially more porous than their lunar 
maria surroundings. Although Korokhin et al., [7] ob-
served no difference in the thermal inertia properties of 
these anomalies relative to their surroundings, we note 
modest differences in the CF feature and concavity 
values for some of the anomalies. This is due to a dif-
ference in either composition or maturity. CF maps at a 
high enough resolution and corrected for maturity [16] 
will be useful and consulted in the future. 

The formation of the photometric anomalies is still 
up for debate [1, 7, 8]. However, potential mechanisms 
include shallow scouring by a meteoritic swarm or a 
highlands feldspathic or silicic butte or mesa being 
buried by a thin layer of mare basaltic material, then 
undergoing subsequent mechanical and mineralogical 
mixing. Either of these may have provided conditions 
that would lead to an increase in porosity, higher NUV 
and lower FUV reflectance, and lower FeO and TiO2 
chemistries in these photometric anomalies without 
adding additional topography or decimeter scale 
roughness features. 
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Fig. 2: Anomaly #5 northwest of Wolf Crater. (Top Left) WAC 415 
nm, (Top Right) WAC 321/360 nm, (Bottom Left) WAC 321/415 nm, 
and (Bottom Right) Ly-α albedo maps. 
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