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Introduction: A doublet is a pair of impact craters 
created by the same primary impact event [1]. Doublet 
craters have been observed on Earth, the Moon, 
Mercury, Venus, Mars, Ceres, and Vesta [2,3,4,5,6,7,8, 
16,17]. 

Doublet crater formation. Originally, doublet crater 
formation was attributed to a single impactor broken 
up by either atmospheric disruption [9] or tidal forces 
[1,10], but further studies showed these processes 
could not result in sufficient separation to create the 
observed doublets [11,12]. It is now believed that well-
separated binary asteroids are the source of doublet 
craters [12]. This makes doublets a source of evidence 
for the prevalence of binary asteroid systems. 

Constraining binary asteroids. The percentage of 
asteroids in the current near-earth population that are 
binary is fairly well established at 15% [2,18]. A 
systematic study of doublet craters on the Moon could 
provide insight into the (1) size of the components of 
NEA binaries, (2) frequency of impact, and (3) 
percentage of NEA binaries since the formation of the 
region of interest. 

Methods and Data: Desiring lightly-cratered units 
for this study to avoid crater saturation, as well as 
homogenous areas of uniform age, we initially 
considered several maria. Concerned with minimizing 
secondary craters, we also gave consideration to a 
region’s proximity to larger post-mare impacts. Using 
Wilhelms’ geologic map of the Moon [18], we 
eliminated Mare Imbrium and Oceanus Procellarum 
for their proximity to the large craters Copernicus, 
Kepler, and Aristarchus. Mare Nubium was eliminated 
due to its lack of uniform geologic age. Our candidate 
survey areas are Mare Serenitatis, Mare Tranquillitatis, 
Mare Fecunditatis, Mare Humorum, and Mare 
Crisium. 

We are defining search areas within these maria 
whose boundaries align with lines of longitude and 
latitude. In JMARS [13], we use Robbins’ global 
database of Lunar craters [19] to locate all impact 
craters smaller than 500 km in diameter. Pairs of 
craters in close proximity are considered potential 
doublets. Following the same process as our previous 
work [14,16,17], these crater pairs are examined in 
LROC NAC images [20] and evaluated using our 
scoring system. 

A Monte Carlo simulation is being used to create 
randomly-distributed  impact points  within each  study 

 
Figure 1: Study area with identified craters in Mare 
Tranquillitatis. 
 
region. The separations between all unique pairs of 
random impacts are computed as great-circle distances. 
These are tallied to produce a distribution we would 
expect if impactors were single bodies, and their 
impact locations are due solely to chance. 

Results: Thus far, we have collected and analyzed 
crater data from Mare Tranqillitatis. Within the search 
area of about 223,000 km2 (see Figure 1), we counted a 
total of 1,895 craters between 1 km and 500 km in 
diameter. 

 

 
Figure 2: Very likely doublet crater in Mare Tranquillitatis. 
The larger crater is approx. 1.8 km (NASA/GSFC/LROC) 
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Using a Python script, 214 pairs of craters were 
identified whose separation is at or below their 
combined radii (i.e., their rims touch or overlap). 
These pairs are the most likely to exhibit conclusive 
evidence for a binary impact. 

Visual evaluation. We are visually inspecting all 
potential doublets, evaluating them using our scoring 
system. Thus far, we have identified one “very likely” 
doublet impact (see Figure 2). 

Monte Carlo simulation. We simulated 1,895 
random impacts (the number of observed craters) 
within the sample area, and tallied impact pairs into 
logarithmic bins based on their separation distance, up 
to 20 km. Results of 1000 runs of the simulation were 
averaged. These values are graphed as the curve 
labeled “Random” in Figure 3, along with the 
separations of observed crater pairs in Tranquillitatis 
tallied into the same bins (“Observed”). The number of 
observed crater pairs is greater than randomized pairs 
in every separation range examined. The ratio of 
observed to simulated separations in each bin ranges 
from 5.0 for the closest craters, down to 1.3 for pairs 
separated by ~20 km. We strongly suspect the 
observed counts are inflated by the presence of 
secondary impacts, which cluster together. 

 
Figure 3: Observed counts of crater pairs by separation, 
plotted against expected distribution from random impacts. 

 
Preliminary Conclusion: After visually inspecting a 
small fraction of the 214 candidate crater pairs in the 
Mare Tranqillitatis study area, we found a very likely 
doublet. After applying the Monte Carlo simulation to 
this same study area, we quickly saw an excess of 
observed crater pairs in each of the separation bins. 
This indicates that non-random processes are involved 
in producing the observed craters in Mare 
Tranqillitatis. These heartening early results give us 
confidence that we can successfully analyze all five 

maria and derive the same type of statistics we 
previously produced for Ceres and Vesta [14,16,17]. 

Continuing Work: We are expanding our data 
collection and analysis to include the following maria: 
Serenitatus, Humorum, Fecunditatus, and Crisium. 

We are also concerned with secondary craters. 
Secondaries would increase possible crater pairs, as 
noted in our examination of the Monte Carlo results. 
Secondaries also often form pairs [15], mimicking 
primary doublet impacts. We are currently working to 
apply morphologically-based techniques that would 
examine  

 
• Crater rim shape regularity 
• Crater depth/diameter ratio 
• Asymmetric crater excavation 
 

to help us remove crater pairs from consideration that 
contain secondaries, or that are coincidental. We plan 
to complete our analysis of the candidate pairs prior to 
the 51ST LPSC and report our findings at that time. 
 

References: [1] Oberbeck V. R. and Aoyagi M. 
(1972) JGR, 77(14), 2419-2432. [2] Miljković, K. et 
al. (2013) Earth Planet Sc Lett, 363, 121-132. 
[3] Oberbeck V. R. (1973) The Moon, 6(1-2), 83-92. 
[4] Oberbeck V. et al. (1977) JGR, 82(11), 1681-1698. 
[5] Trego K. D. (1989) Earth Moon Planets, 46(3), 
201-205. [6] Trask N. J. et al. (1975) JGR, 80(17), 
2461-2477. [7] Cook C. M. et al. (2003) Icarus, 
165(1), 90-100. [8] Melosh H. J. et al. (1996) LPS 
XXVII, Abstract #1432. [9] Passey Q. R. and Melosh 
H. J. (1980). Icarus, 42(2), 211-233. [10] Sekiguchi N. 
(1970) The Moon, 1(4), 429-439. [11] Melosh H. J. 
and Stansberry J. A. (1991) Icarus, 94(1), 171-179. 
[12] Bottke Jr W. F. and Melosh H. J. (1996) Icarus, 
124(2), 372-391. [13] Christensen P. R. et al. (2009) 
Eos Trans. AGU, 90(52), Fall Meet. Suppl., Abstract 
#IN22A-06. [14] Wren P. F. and Fevig R. A. (2017) 
LPS XXXXVIII. Abstract #2407. [15] Melosh H. J. 
(1989) Impact Cratering, 101. [16] Wren P. F. (2018) 
Univ of North Dakota. [17] Wren P. F. and Fevig R. A. 
(2019) LPS 50. Abstract #3095. [18] Wilhelms D. E. et 
al. (1987) USGS No. 2348. [19] Robbins S. J. (2019) 
JGR Planets, 124(4), 871-892. [20] Robinson M. S. et 
al. (2010) Space Sci Rev, 150(1-4), 81-124. 

 
Acknowledgements: We wish to thank Nick 

Piacentine for his assistance proofreading this abstract. 

2864.pdf51st Lunar and Planetary Science Conference (2020)


