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Summary:  Different absolute age (AA) scenarios for an 

expanded inventory of lunar basins demonstrate the im-

portance of the age of Nectaris. Two peak distributions of 

AAs mirror the two peak distribution of N(50) Crater Reten-

tion Ages if Nectaris is 3.9 BY old. If Nectaris is 4.2 BY old, 

the AA distribution is more complex with the strongest peak 

older than 4.2 BY in all cases considered. Much weaker 

peaks occur at around 4-4.1 and again at 3.7-3.8 BY. 

Introduction: N(50) Crater Retention Ages (CRAs) for 

an expanded inventory of large lunar basins [1-3] (based on 

superimposed Quasi-Circular Depressions (QCDs) in LOLA 

data [2,3] and Circular Thin Areas (CTAs) from model crus-

tal thickness [4,5] show two peaks, even when weaker candi-

dates are eliminated [6] (Figure 1). The break between older 

and younger impact basins is pre-Nectarian [6], as others 

suggested based on a smaller number of basins [7]. This two 

peak distribution suggests the possibility of both an Early 

Heavy Bombardment [6] as well as the generally recognized 

Late Heavy Bombardment [8-10]. 

We explore possible absolute ages for these basins based 

on “known” ages for Orientale, Imbrium, Serentitatis and 

Nectaris [12,13], using these to calibrate the N(50) ages for 

the other candidate basins in our inventory. We show se-

cenarios for Nectaris being 3.9 or as much as 4.2 BY old. For 

all scenarios two cases are considered: a large inventory 

(N=90) which includes several new candidate basins [11] 

suggested by one of us (MJM) and a much reduced inventory 

which keeps only the very strongest candidates (N=56). Fig-

ure 1 shows the N(50) CRAs for each of these inventories. 

Both show the two peak distribution previously noted: the 

greatly reduced inventory has a dimished older peak because 

those older candidates in general are the weaker cases. 

   

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

 

    Absolute Age Scenarios. To determine absolute ages 

for the candidate basins shown in Figure 1, we use published 

ages for Orientale, Imbrium, Serentiatis and Nectaris, and 

plot these absolute ages versus the Overlap-Correceted N(50) 

CRAs we find for these basins. We consider two cases for 

Nectaris, a 3.92 BY “Young Nectaris” [12] and an extreme 

4.2 BY “Old Nectaris” [13]. We also assume an AA of 4.5 

BY for the oldest inter-basin crust. MJM has located several 

such areas and these have N(50)~155, substantially older 

than the basin CRAs (Figure 1). 

“Young Nectaris” Scenario. Figure 2 shows AA vs 

N(50) CRA assuming Nectaris is 3.92 BY old [12], i.e., not 

that much different from the other basins with “known” ages. 

The AAs for the four basins and the Assumed Oldest Age 

(AOA) crust are all well fit with a linear relation, as shown, 

with a correlation of 0.995. 

 

  
 

A linear relationship between AAs and N(50) CRAs pre-

serves the two peak character of calculated absolute ages for 

both the larger and the reduced inventory of basins, as shown 

in Figure 3 below. The two peaks are at ~ 4.1 and 3.9 BY. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Old Nectaris” Scenarios. If Nectaris is 4.2 BY old, i.e. 

the source of the Apollo 16 impact breccia described by [13], 

the situation is more complex (Figure 4). The 4 basin points 

and the AOA point cannot be fit by a single straight line. A 

log(x) fit to the points (shown by A) has a correlation of 

0.959 but misses the assumed high AA of Nectaris. B shows 

a two branch straightline fit through Nectaris and the other 

basins and Nectaris and the AOA point. C extends the branch 

from the four basins to N(50) = 65, the trough in the CRA 

distribution (Figure 1), with a second branch from here to the 

AOA point. These are discussed below. 

Figure 1. Distribution of Overlap-Corrected N(50) CRAs for 

the full MM inventory (left) of 90 candidate basins, and for a 

much reduced inventory of 56 basins (right). Full inventory 

also shows distribution of summary scores (sum of topo-

graphic expression and crustal thickness expression scores) 

in grayscale. Weaker candidates shown in lighter shades. 

Reduced inventory eliminates new candidates and all candi-

dates with summary scores <5 out of a possible 10. Both 

inventories show an obvious two-peak distribution. 

Figure 2. AA vs 

N(50) CRA for 

Nectaris = 3.92 

BY. With an As-

sumed Oldest Age 

(AOA) of 4.5 BY, 

the points are well 

fit by a linear 

relation between 

AA and CRA, 

used to convert 

CRAs to AAs. 

 

 

Figue 3. Absolute ages (AAs) determined for the large (left) 

and reduced (right) inventories shown in Figure 1, using the 

linear relationship in Figure 2. Vertical scales in Figure 1 

and Figure 3 are different. For the reduced inventory, the 

two AA peaks are more nearly comparable than in Figure 1. 

The oldest candidate basin in this scenario is ~ 4.26 BY. 
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Case A. The log(x) fit in Figure 4 yields the AAs shown 

in Figure 5A for the candidate basins in Figure 1. The simple 

two-peak distribution of absolute ages is different from the 

“Young Nectaris” case (Figure 3): The most prominent peak 

is at ~4.25 +/- 0.15 BY and is stronger than the secondary 

peak at roughly 4.0 +/- 0.1 BY with a very weak possible 

third peak at 3.8 BY. Both the reduced inventory and the 

larger inventory show the same pattern. 

Case B. The two branch, straightline fits through Necta-

ris push more basins to older ages and spread out the young-

er ages more evenly (Figure 5B). A peak occurs at ~4.3 BY 

but is much more prominent than in A in both inventories 

(note the vertical scale is the same for all plots in Figure 5 

and matches that in Figure 3). The very much weaker peak at 

~4.0 to 4.1 is shifted slightly to older ages compared with A,  

and a peak half this high shifts slightly younger to ~3.7 BY. 

Case C. A two branch straightline fit through the AA on 

the younger branch at N(50) = 65 (the trough in the distribu-

tion of CRAs in Figure 1) results in a very large number of 

candidate basins with AAs of 4.4-4.5 BY. The younger por-

tion of the distribution is the same as in Case B, because the 

curve used over this CRA range is the same. Case C empha-

sizes the likely two population nature of the N(50) CRAs, 

but, like Case A and B, does NOT have a prominent and 

narrow peak at 3.9 BY. In all cases the older peak is more 

prominent, even for the reduced inventory. 

Note: If Nectaris is actually only 4.1 BY old [12, 14, 15] 

the log(x) Case A in Figure 4 would be a close representation 

of the likely AA distribution, and the oldest peak is less dom-

inant than in the B and C cases.. 

Summary: Absolute age scenarios for an expanded in-

ventory of lunar basins depend critically on the absolute age 

of Nectaris. If Nectaris is 3.9 BY old, a two peak AA distri-

bution of roughly equal magnitudes results, with peaks at 4.1 

and 3.9. BY. If Nectaris is 4.2 BY old, the situation is more 

complex. But in all cases considered there is one strong peak 

older than 4.2 BY and two much weaker peaks at ~ 4.1 and 

3.8 BY. The “Old Nectaris” scenarios favor a more intense 

Early Heavy Bombardment and a more spread out, less in-

tense (and perhaps pulsed?) Late Heavy Bombardment. 
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Figure 5. Absolute age distributions for the full inventory 

(left) and the reduced inventory (right) for the three different 

“Old Nectaris” scenarios shown in Figure 4. See text for 

details. All three scenarios make the oldest peak the most 

prominent, and spread out the ages of basins younger than the 

4.2 age for Nectaris into two weak peaks at ~ 4.1 and 3.7 BY. 

 

 

Figure 4. AA vs N(50) CRAs for Nectaris = 4.2 BY old. A = 

log(x) type fit to the 4 basins with known AAs and the As-

sumed Oldest Age (AOA) of 4.5 BY. B = two branch linear 

fit through Nectaris. C = two branch linear fit through the 

AA value on the younger branch at N(50) = 65 (the trough 

in the two-peak distribution of CRAs in Figure 1). 
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