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Summary:  Improved N(50) crater retention ages that 

include effects of basin overlap for 80 candidate lunar basins 

confirm a two-peak distribution of ages, with peaks at 30-50 

and at 70-90. The break between these two is pre-Nectarian. 

The two peaks may represent two distinct populations of 

impactors, and a separate Early Heavy Bombardment predat-

ing the better known Late Heavy bombardment. 

Introduction: Frey [1] presented preliminary N(50) 

Crater Retention Ages (CRAs) for an expanded inventory of 

large lunar basins derived from mapping Quasi-Circular 

Deepressions (QCDs) in LOLA data [2,3] and Circular Thin 

Areas (CTAs) from model crustal thickness [4,5]. CRAs 

were found by counting superimposed QCDs >50 km over 

the entire basin area. The traditional approach of counting 

craters only on basin rims cannot be used where candidate 

lunar basins are suggested by CTAs or by subdued QCDs. To 

allow for the finite width of the basin rim, and because we 

normally mark the basin diameter at the inner edge of such 

rims where visible, the actual area over which superimposed 

craters were counted was expanded to a diameter 20% larger 

than the mapped diameter (see Figure 1).  

     
 

 

 

 

 

 

    

 

 

    All craters that had half or more of their area inside 

this 1.2D circle were counted down to 50 km diameter. This 

limit was based on the ability to see QCDs of this size in 

mare filled interiors of basins, as shown in Figure 2. 

    
 

 

 

 

 

 

The distribution of N(50) CRAs [1] showed two distinct 

peaks, centered at N(50) ~ 40-50 and ~80-90. The two peaks 

did not depend on the nature of the candidate basin (named, 

QCD and CTA basin candidates all contribute to both 

peaks), did not depend on basin size (both large and small 

basins > 300 km diameter contribute to both peaks) and both 

peaks remained when weaker candidates were removed [1]. 

Improved CRAs: To check this result, EB repeated the 

counts described above for a slightly smaller number of ba-

sins (80) and obtained similar results (see Figure 5 below), 

but also improved the counting procedure by correcting both 

counts and counting area for basin overlap. Figure 3 shows 

an example. The N(50) crater retention age for Fecunditatis 

increases from 38+/-8 to 48+/-9 when the area affected by 

the younger overlapping Crisium Basin is removed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 compares the EB and HF counts. Though there 

are some differences, overall the results are very similar as 

shown by the high degree of correlation between the two. 

Correcting for overlap improves the correlation even more. 

Figure 1. LOLA topography centered on the Nectaris Basin 

showing superimposed craters > 50 km in diameter (smaller 

black circles). The large black circle showing the diameter 

of the basin is located on the inner edge of the basin rim. 

The actual area over which craters were counted was a cir-

cle 1.2 times larger than this diameter (white circle, note 

this extends to about the outer edge of the rim of Nectaris). 

The area inside the white dashed box is shown in Figure 2. 

 

Figure 2. Mare-filled central portion of the Nectaris Basin 

shown by the dashed box in Figure 1. Note closed QCDs in 

the basin interior (black circles). We infer these to be buried 

craters. Such features are generally visible in the LOLA 

topography in many mare-filled basins down to ~50 km. 

 

 

Figure 3. The younger 

Crisum Basin (top of 

three large circles) signif-

icantly overlaps the Fe-

cundiatatis Basin (middle 

large circle). When this 

overlap area (black oval) 

is excluded, the N(50) 

CRA for the Fecunditatis 

Basin increases from 

38+/-8 to 48+/-9. 
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The EB N(50) CRAs also show the same two peak dis-

tribution (Figure 5). As before [1], this does not depend on 

how the candidate basins were identified (named, QCD, 

CTA): all contribute to both peaks. It does not depend on 

basin size: both large and small basins are found in both 

peaks. The two peaks remain even when weaker candidates 

are eliminated, as previously shown [1] and shown below in 

Figure 5. For all candidates we determined a Topographic 

Expression Score and a Crustal Thickness Expression Score, 

each on a 1 (weak) to 5 (strong) scale depending on the 

strength and character of the QCD or CTA signature (most 

candidate basins have both signatures). We add those togeth-

er for a Summary Score which can range from 0 to 10. Only 

candidates with Summary Scores > 3 were considered in the 

age determinations. Figure 5 shows what happens when the 

80 candidate basins having Summary Scores > 3 is reduced 

to 61 by eliminating those candidates with Summary Scores 

of 3 or 4 and keeping only those with Summary Scores > 5. 

In both of our counts, two peaks remain. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

 

 

 

 

 

 

 

Comparison with traditional crater counts. The N(50) 

ages we determine are based on superimposed craters over 

the whole of the basin area (corrected for overlap where that 

occurs). In Figure 6 we compare our results with those of 

Fassett et al. [6]. They determined N(20) and N(64) CRAs 

for 30 named basins using the standard approach of counting 

craters on the mapped rim areas of these well-expressed ba-

sins. Figure 6 shows the distribution of their N(64) and our 

N(50) CRAs for their 30 basins at the same scale: both  hint 

at the two peak distribution for this smaller subset of basins. 

 

                             
 

 

 

 

 

 

 

The two peak character of the CRAs for both the 30 

named basins in [6] and for our larger inventory of 80 candi-

date basins suggest the possibility of two distinct populations 

of impactors, also suggested by [6] based on an accumulation 

of CRAs for their basins. This may be evidence for both an 

Early Heavy Bombardment (EHB) as well as the more gener-

ally recognized Late Heavy Bombardment (LHB). From 

Figure 5 it appears the EHB peak is broader and pre-

Nectarian in age (see also Figure 6). 

Summary. Improved N(50) Crater Retention Ages for 80 

candidate lunar basins confirm a two peak distribution of 

ages with the older peak at 70-90 and the younger peak at 

30-50. This two peak distribution does not depend on the 

nature of the candidate basin, basin diameters, and remains 

even when weaker candidates are removed. The break be-

tween the two peaks is pre-Nectarian, and may represent  two 

different impactor populations that produced both an Early 

Heavy Bombardment as well as the more commonly recog-

nized Late Heavy Bombardment on the Moon. 
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Figure 5. N(50) CRAs by HF (top row) and EB (bottom row) 

for Summary Scores > 3 (left, 80 candidate basins) and for 

Summary Scores > 5 (right panels, 61 candidates). Note that 

named, QCD and CTA candidates contribute to both peaks, 

and both peaks remain as the weaker candidates are removed. 

N indicates the bin in which Nectaris falls. The break be-

tween the peaks is pre-Nectarian. 

Figure 4. N(50) CRAs 

determined by EB vs HF 

N(50) CRAs for 80 can-

didate basins. Green 

points show overlap-

corrected ages, yellow 

points are not corrected 

for overlap. The correla-

tion between the EB and 

HF counts is ~95%. 

Figure 6. Distribution of our N(50) (left) and Fassett et al. 

N(64) (right) CRAs shown at the same scale for the 30 

named basins in their study [6]. These actually correlate at 

the 75% level. Both show a hint of two peaks. The bin in 

which Nectaris occurs is shown by N. The break between 

the two peaks is pre-Nectarian. 
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