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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 0.8-2km, there appears 

to be no apparent skew towards either leading or trail-

ing side, with more intense spots clustering on the trail-

ing 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. This poses the ques-

tion 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: We used a lunar crater database published 

by Salamunićcar et al. [3] to analyze how crater density 

varies with longitude for crater diameters in the ranges 

0.6 to 0.8 km, 0.8 to 2 km, 2 to 7 km, and above 20 

km. In order to avoid complications due to the differing 

ages of lunar maria and highlands, we looked specifi-

cally at lunar highlands as age varies greatly across the 

maria, so they cannot provide accurate impactor fre-

quency distributions.  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 val-

ue, corresponding to a higher definition sampling in the 

database which ensures more complete data for the 

smaller diameters examined. We then analyzed data of 

craters associated with cold spots above and below 0.8 

km, gathered initially using the Diviner H-parameter 

map [4] and then checked using LROC Quickmap. 

Since cold spot craters represent the youngest impacts, 

they are spread evenly across all longitudes. Lead-

ing/trailing dependence will be measured by taking the 

ratio of maximum apex and antapex frequency values.  

Results: When looking specifically at the lunar 

highlands (located between -180 and -90, and 90 and 

180 degrees) we found that overall, crater densities 

were skewed towards the leading side of the moon. The 

correlation seems to weaken as crater diameter increas-

es, with decreasing apex-antapex ratios of around 2.5, 

1.5, 1.25, and 1 (Figures 1-4, respectively). 

Cold-spot bearing craters overall appear to favor 

the leading side as well, with an apex-antapex ratio of 

1.5. However, for the largest cataloged craters there 

was no apparent trend, i.e. the apex-antapex ratio was 

roughly 1 (Figures 5 and 6). 

Discussion and Conclusion: 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 

orbital velocity puts the apex in contact with impactors more 

frequently and with higher relative velocities than the 

antapex. This is consistent with the observations of im-

pact frequency over the lunar highlands. We also found 

that the degree to which impacts tend towards the lead-

ing side, measured using the apex-antapex ratio, de-

creases with increasing crater size. This could be due 

to the fact that larger craters are caused by higher ve-

locity impacts. At higher velocities, the relative motion 

of the moon becomes a less significant effect leading to 

more randomly distributed populations [5]. This may 

have implications for the origin of impactor population.  

Overall, the distribution of lunar cold spots tends 

towards the leading side as expected, with apex-

antapex ratios decreasing from 1.25 to 1 with increas-

ing diameter. A study on rayed craters, which also rep-

resent a younger population, shows that for rayed cra-

ters 5-10 km in diameter, the apex-antapex ratio is 

around 1.5 [5]. Since there is still a leading-trailing 

dependence in young craters above the 2 km range we 

analyzed, the 1 to 1 ratio in cold spot craters 0.8-2km 

may be partially due to the low sample size (n=14) and 

may not accurately reflect the true distribution of im-

pacts. However, as it is consistent with the random 

distribution of the largest cold spots over all latitudes 

[2], it suggests that these large cold spots may fade 

more quickly in the leading hemisphere, resulting in the 

1 to 1 ratio we observed. 
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Figure 1. Distribution of Highland Craters (D < 0.8 km) 

 

 

 
Figure 2. Distribution of Highland Craters (0.8<D<2 km).  

 
 

 
Figure 3. Distribution of Highland Craters (2<D<7 km).  
 

  

 
Figure 4. Distribution of Highland Craters (D>20km). 

 

 

 
Figure 5. Distribution of Cold Spot Craters (D<.08 km) from -10 

to 10 Degrees Latitude.  
 

 
Figure 6. Distribution of Cold Spot Craters (D> .08 km) from -

10 to 10 Degrees Latitude. 
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