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Introduction:  Global cratering statistics of young 

impact craters on the Moon is used to unravel potential 
asymmetries in the cratering rate, which may have 
been introduced due to the particular orbital constella-
tion of a synchronously rotating satellite, e.g., [1], [2], 
[3]. We mapped the spatial distribution of rayed craters 
for diameters larger than about 500 m between 70° N 
and 70° S as observed on Clementine 750 nm image 
mosaic data at a 1:3 million map scale. This data set is 
utilized to test the validity of cratering being a spatially 
(and temporally) random process, which is prerequisite 
for a reliable absolute surface age determination based 
on crater statistics. 

Only craters that exhibit bright ejecta rays extend-
ing for several crater radii were considered in this 
study. This crater population is the youngest on the 
Moon, overlaying all other stratigraphic units. Due to 
the prominent ray features, this crater type is easy re-
cognizable. Although the formation process is still 
unclear, the ray properties are understood better. 

Ray visibility: According to [4], rays are visible 
due to their immaturity (fresh and bright material con-
trasting with the mature neighborhood) or due to their 
composition (even matured material contrasts in albe-
do as excavated non-mare material is brighter than the 
adjacent dark mare surface), or a combination of com-
position and immaturity. Comparing the crater size-
frequency distribution of rayed craters inside and out-
side the mare units, the large craters appear more ab-
undant in the mare units than outside, whereas for the 
small crater range the number of craters seems to show 
the opposite. The shape of the crater size-frequency 
distribution does not show strong dependence on the 
target properties (mare vs. highland). Slightly lower 
frequencies indicate a shorter retention of the ray visi-
bility in mare units when their visibility is purely due 
to immaturity and not due to composition. Generally, 
rays of small craters fade away faster. Rays of large, 
old craters in the mare areas sustain their visibility 
longer than the average population because of the 
compositional contrast between rays and mare materi-
al, and thus obscuring the cratering record when inves-
tigated for spatial variations. Corrections for the more 
rapid ray-fading in the mare areas are made when 
global crater densities are determined. A polynomial fit 
is calculated to describe the ratio of crater frequencies 
outside and with in mare units (Fig. 1). 

Asymmetrical Cratering Rate:  Several reasons 
for an asymmetrical cratering rate on the Moon are 
suggested: The projectile population is orbiting around 

the sun with low inclination and might hit the surface 
of the Moon preferentially near the equator, causing a 
potential latitudinal dependency. A longitudinal de-
pendency is suggested due to the synchronous rotation 
of the Moon around the Earth resulting in a higher rate 
at the leading side, as well as due to a possible gravita-
tional focusing of the projectiles by the Earth, which 
could result in a higher rate at the near-side of the 
Moon. [5] predicted global lunar cratering rates, which 
we use for comparing our observations. 

Crater Density Variations:  Crater densities for 
the lunar surface between 70°N and 70°S were deter-
mined with and without the correction for different 
averages inside and outside mare units. The densities 
are calculated for a search radius of 30 degree (Fig.2) 
and 90 degree at a raster resolution of 1 degree per 
node distance. Density variations are observed to be 
less than 15% over vast parts of the lunar surface and 
accordingly the uncertainties for the absolute surface 
ages. However, variations of up to 50% are found. 
These extreme values are located at high latitudes.  

Results: Evaluating the spatial distribution of lunar 
rayed craters, focusing on latitudinal and longitudinal 
density variations, no agreement is found when com-
pared to previous analytical and numerical studies. 
Although there is an apparent hemispherical asymme-
try centered close to the apex, the density distribution 
is patchy and no predicted spatial pattern could be con-
firmed (Fig. 2). We conclude that there are other geo-
logical processes such as space weathering or target 
composition, that modify the ray visibility, and any 
possible asymmetric crater rates were obscured if they 
existed. 

Rayed Crater Population Age: Using the exis-
tence of rays purely based on optical maturity [6] in-
stead of visibility as marker for the horizon of the Co-
pernican –Eratosthenian boundary, the resulting age 
for this boundary is 750 Ma. This value is derived by 
fitting Isochrones to the observed total rayed crater 
size-frequency distribution. The fact that this isochron 
does not fit at the smaller size range indicates a more 
rapid fading of the ray features at smaller craters (Fig. 
3). 
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Fig. 1: The ratio of crater frequencies outside and 

within mare units. The two curves (gray and black) are 
calculated using differently sized moving windows 
(the window width is constant only in logarithmic 
scale), but share a similar behavior. The polynomial fit 
is used as a measure to correct for the more rapid ray-
fading in mare areas when global crater densities are 
determined. The average ratio for entire set of craters 
is 1.85, whereas craters with diameters of 5-50 km 
give an average of 1.45.  
 
 

 
Fig. 2: Comparison of the analytically predicted 

spatial crater distribution (top, [5]), the observed total 
crater distribution, which is corrected for lower fre-

quencies in the mare units (middle top) and uncor-
rected (middle bottom) and an impression of the sur-
face composition as given through mineral-ratio data 
presented as a RGB composite image mosaic with 
band ratios 750 nm /415 nm shown in red (R), 750 nm 
/950 nm in green (G) and 415 nm /750nm in blue 
(B),[7]. 
 
 

 
 

Fig. 3: The unbinned size-frequency distribution of 
rayed craters between 70°N and 70°S latitude as 
shown in Fig. 1. Isochrones for average surface ages of 
750 Ma, 1.1 Ga (the estimated Eratosthenian - Coper-
nican boundary) and 2 Ga are given. 
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