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Summary:  We have re-evaluated the evidence for very 

large impact basins on Mars using MOLA topography, crus-

tal thickness model data, and large scale geology. We find 32 

good candidate basins > ~1000 km diameter. The distribu-

tions of N(300) Crater Retention and Model Absolute Ages 

for these basins are remarkably narrow. 

Introduction: Frey [1] published preliminary N(300) 

Crater Retention Ages (CRAs) and Absolute Model Ages 

(AMM) for 20 very large impact basins on Mars based on 

superimposed candidate craters > 300 km diameter recog-

nized as Quasi-Circular Depressions (QCDs) in MOLA data 

and Circular Thin Areas (CTAs) in early model crustal thick-

ness data [2]. Many of the very large candidate basins were 

themselves mapped as QCDs and CTAs. Here we re-evaluate 

that inventory of basins and others added to it [3] using more 

recent crustal thickness information [4], the same MOLA 

data, and large scale geologic unit information. 

The MarsCrust3 crustal thickness model [4] suggests 

several new candidate very large basins, some of which we 

had identified earlier [3]. Closer examination of the correla-

tion of topography and large scale geology with the crustal 

thickness signature provided good reason to eliminate some 

earlier candidates. From a working inventory of 31 basins 

[3,5] provisionally increased to 42, we outright eliminate 6 

as either being too small (most likely diameter < 1000 km) or 

as features having been confused previously as a separate 

basin because of overlap with nearby structures. 

Rating the candidate basins. New in this work is a scor-

ing of the basins which provides a measure of how confident 

we are that the candidate structure is a very large impact 

basin. Following work done on expanding the inventory of 

large lunar basins (most of which have both a pronounced 

QCD and CTA signature) [6] we rate the candidate basins in 

terms of a Topographic Expression (TE) and a Crustal 

Thickness Expression (CTE) score, each on a scale of 0 

(weak) to 5 (strong) based on the strength and circularity of 

the two signatures. We add these together for a Summary 

Score (scale 0-10). 

 

 
 

Figure 1 shows Summary Scores for 36 provisional can-

didates, of which 4 have very poor expression (summary 

score <3). We drop these 4 from further consideration and 

work with the remaining 32, of which 19 have summary 

scores >5 and 8 have summary scores >7. Note the very ob-

vious gap between 8 and 10. The three basins with “perfect 

10” scores (indicating a 5 for both TE and for CTE scores) 

are, not surprisingly, the three most recognized large basins 

on Mars: Hellas, Isidis and Argyre. 

40% of the 32 basins with summary scores > 3 have 

scores of 3 or 4. These are not necessarily weak scores, as a 3 

could represent a feature with a 3 TE score and a 0 CTE 

score. 3/5 would be a relatively strong TE score and would 

on its own suggest retaining the feature as a candidate basin. 

The same would be true for a CTE score of 3 or 4. Deeply 

buried basins could have a CTA signature and have little or 

no surface topographic expression. In this work we retain all 

32 candidates with summary score > 3, but track the scores 

throughout as we discuss the distribution and age of basins. 

Figure 2 shows the 32 candidate basins in 3 global 

views. For each basin with multiple “rings”, the thickest ring 

is taken as the basin diameter. Ring thickness is correlated 

with summary score: thicker rings represent higher scores. 

Solid circles are candidates initially identified as QCDs; 

dashed circles are candidates first recognized as CTAs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The distribution of basins is not uniform: obvious “emp-

ty quarters” exist (e.g. especially in the Tharsis area). But 

overall there is no preferred longitude or latitude concentra-

tion obvious, as shown in Figures 3. 

Figure 1. Summary 

Scores for 36 candidate 

very large impact basins. 

The 4 very weak candi-

dates with summary 

scores < 3 are eliminated 

from further considera-

tion. The 3 “10s” are 

Hellas, Isidis and Argyre. 

See text for details.  
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Figure 2. Distribution of 32 

very large basins on Mars 

having summary scores > 3. 

Where multiple rings occur, 

the thickest ring is taken as 

the basin diameter. Ring 

thickness is greater for ba-

sins with higher summary 

scores. Note absence of 

basins in the Tharsis area. 
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Dating the candidate basins. LMM counted superim-

posed smaller QCDs and CTAs down to 300 km diameter 

over an area 20% larger than the candidate basin diameter in 

order to determine the N(300) Crater Retention Age, follow-

ing an approach adopted to determining CRAs for large lunar 

basins [7]. The 300 km limit is imposed by the resolution of 

the crustal thickness model used here [5]. The smaller super-

imposed basins were also rated using a TE and CTE scores. 

As with the case shown in Figure 1, the number of very low 

summary scores is generally small compared to higher 

scores, so eliminating the weaker candidate smaller features 

does not change the CRA very much for most basins. 

Figure 4 shows the CRAs for the 32 candidates. The col-

or code shows summary scores. In this case we kept all the 

possible candidate superimposed smaller basins. Figure 5 

shows derived Model Absolute Ages (MAA) using an aver-

aged Hartmann-Neukum chronology [8], as described else-

where [9] and used in the earlier study [1]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Basin CRA does not appear to depend on basin diameter 

(see Figure 6). That is, basins do not appear to be very old 

just because they are smaller than others and the counting 

area is more limited. As shown in Figure 5, the smallest ba-

sins in this inventory (~1000 km diameter) span the range of 

ages found. Likewise larger basins can be both young and 

old, though again the CRAs are relatively tightly grouped. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion. Re-evaluation of the likely inventory of very 

large impact basins on Mars eliminated a few of the earlier 

candidates but added several new possibilities. We find 32 

good candidates, but this is an underestimate. Tharsis and 

other young areas may obscure a small number of features. 

We have not included the possible giant Borealis Basin 

[10] in this discussion, though the case for that has become 

more reasonable. If real, Borealis likely predates all the ba-

sins discussed here, as we earlier showed [11]. It also likely 

completely reset the CRAs of the entire surface of Mars. 

Though the Model Absolute Ages are just that (model 

ages) and should be viewed with some skepticism, the sharp 

peak shown in Figures 3 and 4 is striking and perhaps sug-

gestive of a Nice-type Late Heavy Bombardment, as we sug-

gested previously [1]. Also, though the N(300) CRAs are 

more concentrated to slightly younger ages compared with 

those we found before [1], the differences are small. We do 

not expect much change in how ages of the very large basins 

on Mars relate to the loss of the Mars global magnetic field 

and likely cessation of the dynamo [12]. 

Summary:  We have re-evaluated the evidence for very 

large impact basins on Mars using MOLA topography, crus-

tal thickness model data, and large scale geology. We find 32 

good candidate basins > ~1000 km diameter. The distribu-

tions of N(300) Crater Retention and Model Absolute Ages 

for these basins are remarkably narrow. 
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Figure 4. N(300) CRAs 

for 32 candidate very 

large basins. Color shows 

summary scores; darker 

color indicates higher 

scores. The CRAs are 

rather tightly grouped 

with all but two at < 5 

basins > 1000 km diame-

ter per million sq km. 

 

Figure 5. Model Abso-

lute Ages derived from 

the above CRAs using an 

averaged Hartmann-

Neukum [n] chronology 

[8]. The MAA are very 

tightly grouped. The two 

apparently much younger 

basins are Isidis and 

“Near Alba” and are Too 

Young to Date (TYTD). 

 

 

Figure 3. Basin diameter vs west longitude (left) and lati-

tude vs basin diameter (right) for 32 candidate basins with 

summary scores > 3. There appears to be no preferred con-

centration of the proposed basins. 

Figure 6. N(300) 

CRAs plotted vs 

basin diameter. 

Color indicates 

basin summary 

scores. Errors for 

CRAs included. 

Basins of all di-

ameters span the  

range of CRAs 

found. Zero ages 

are basins Too 

Young to Date. 
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