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Introduction:  Nighttime temperature observations 

of the lunar surface have identified anomalous low 
thermal inertia regions surrounding the most recent 
impacts called lunar cold spots [1]. For the seventeen 
largest cold spots with craters 0.8-2 km, there appears 
to be no apparent skew towards either leading or trail-
ing side, with more intense spots clustering on the 
trailing side [2]. These findings are not consistent with 
the general expectation of higher impact frequency on 
the leading side that is associated with the synchronous 
orbits of the Earth-Moon system [3]. This poses the 
question of whether these findings represent a more 
general trend of decorrelation with increasing crater 
diameter, or are merely an anomaly.  

We address this question using crater size frequen-
cy data to investigate the distribution of lunar impacts. 
By looking for asymmetries in crater distribution, the 
population of lunar impacts and how it may change 
over time are investigated.  

. 
Methods:  First, we used a lunar crater catalog 

published by Salamunićcar et al. [4] to analyze how 
crater density varies with longitude for all craters with 
diameters above 100 m. To avoid complications due to 
the differing ages of lunar maria and highlands, we 
also included data from this catalog with the maria 
masked, isolating the lunar highlands. Since the global 
catalog is only complete down to 8 km, the latitude 
was restricted from -0.5 to 4 degrees for all diameters 
below this value, which corresponds to a higher defini-
tion sampling in the database and ensures more com-
plete data for the smaller diameters examined.  

We then analyzed data of rayed craters collected by 
Morota and Furumoto [3] with diameters between 5 to 
100 km. Since rayed craters are younger than 750 Ma, 
their distribution is not significantly affected across 
highlands and maria, but still varies with geology as 
ray retention depends on the relative composition of 
the ray and its underlying material. 

We also analyzed data of cold-spot craters above 
100 m, gathered initially using the Diviner H-
parameter map [5] and then checked using LROC 
Quickmap. Since cold spot craters represent the 
youngest impacts, they, like rayed craters, are spread 
evenly across all longitudes.  

Leading/trailing dependence of each crater catego-
ry will be measured by taking the ratio of maximum 
apex and antapex frequency values and plotting them. 
We will then use this ratio to estimate the orbital ve-
locity for each group of craters, implementing a formu-

la derived by Zahnle et al. [6]. We will compare this 
with known orbital velocities of impactor populations 
to infer the primary origin of impactors for each crater 
group. 

Results:  The crater catalog published by Sal-
amunićcar et al. [5] yielded apex/antapex ratios of 2.45 
for small (< 600 m) diameter craters and 1.6 for larger 
(>600m) diameter craters. Rayed craters exhibited 
apex/antapex ratios of 2.25 for small (< 10km) diame-
ter craters and 1.65 for larger (10-100km) diameter 
craters, while cold-spot craters exhibited apex/antapex 
ratios of 1.72 for small (< 150 m) diameter craters and 
1.27 for larger (150 m - 2 km) diameter craters (Table 
1). Plotting these results (Figure 1.)  shows consistent 
apex/antapex ratios from 100m to 30km, consistent 
with an orbital velocity of around 13 km/s. Within 
each crater set, however, apex/antapex ratios appear to 
increase with decreasing diameter. 

 
Discussion: Due to the synchronous orbit of the 

Moon around the Earth, we expect to see higher impact 
frequency on the leading side because the Moon’s or-
bital velocity puts the apex in contact with impactors 
more frequently and with higher relative velocities 
than the antapex. We also expect the degree to which 
impacts tend towards the leading side, measured using 
the apex-antapex ratio, to decrease with increasing 
crater size because at higher velocities, the relative 
motion of the moon becomes a less significant effect 
leading to more randomly distributed populations [3].  

Overall, the data suggested an average 
apex/antapex ratio around 1.6, which agrees with our 
expectations of higher impact frequency at the apex of 
motion. This average ratio implies encounter velocities 
around 13 km/s, which are consistent with expectations 
for NEA populations, thought to represent the domi-
nant population of lunar impactors [6]. Moreover, 
within each group of craters analyzed we saw the 
apex/antapex ratio decrease with increasing diameter. 
This is expected, since the higher velocities necessary 
for the creation of larger craters lead to a more random 
distribution, favoring neither apex or antapex [3]. 
Across all datasets, however, there was no apparent 
correlation between apex/antapex ratio and crater di-
ameter.  These seemingly contradictory results could 
arise from complications resulting from regional geol-
ogy or statistical error, or could be indicative of differ-
ential fading behaviors in each group of craters ana-
lyzed.  
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Moving forward, we hope to explore these fading 
behaviors further by formulating a numerical model for 
crater evolution for typical craters, rayed craters, and 
cold-spot craters. Hopefully, applying this model to 
our results will help explain their apparent deviation 
from expected behavior.  
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Table 1. Apex/Antapex Ratios for Each Dataset 
 
 

 
Figure 2. Apex/Antapex Ratio v.s Diameter for 
Each Dataset 

 
 

 

Figure 1. Example of How Orbital Velocity Var-
ies with Relative Crater Density (Apex/Antapex 
Ratio). 
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