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Summary:  Impact basins on Mars > 1000 km in diame-

ter number over 30. Crater retention and inferred model ab-
solute ages for these suggest most formed in a relatively 
short period of time, perhaps 150-200 MY. This may be the 
signature of a Nice-like Late Heavy Bombardment (LHB) on 
Mars. If so, the peak in this bombardment should coincide 
with that on the Moon (~3.9 BYA). It may be possible to use 
this to better tie together the lunar and martian impact chro-
nologies, extend that to Mercury, and more accurately assess 
the effects for the early Earth. The apparent lack of signifi-
cant large diameter impact basin formation earlier than the 
narrow “spike” seen on Mars may indicate an period of rela-
tive habitability prior to the LHB on both the Earth, as sug-
gested by other data, and perhaps on Mars as well. 

Introduction: Crater retention ages (CRAs) and inferred 
model absolute ages (MAAs) for 20 very large (D>1000 km) 
suggested they all formed in a relatively short period of time 
[1], perhaps the signature of a Nice-type Late Heavy Bom-
bardment on Mars [2]. The duration of the bombardment (if 
the CRAs are formation ages; see below) was about right, 
150-200 MY, but the peak in basin ages occurred at about 
4.1 BYA, some 200 MY earlier than the apparent peak for 
the “terminal lunar cataclysm” [3,4]. This is, however, likely 
within the error of the current Hartmann-Neukum [5] chro-
nology. At about the same time a new crustal thickness mod-
el for Mars [6] became available which had significantly 
improved spatial resolution and signal-to-noise compared 
with the earlier model [7]. A search for Circular Thin Areas 
(CTAs) which may represent very deeply buried impact ba-
sins [8] revealed another 11 candidate basins > 1000 km 
diameter [9]. Thus the total inventory of large impact basins 
on Mars may exceed 30. See Figure 1. 

 

 
 

Crater retention ages for 8 of these suggest they are on 
the whole older than the basins previously found, as might be 
expected, and in fact include the oldest yet known, with an 
N(300) CRA ~8.9 [10]. But the conversion to model absolute 

age does not significantly change the spike-like distribution 
of basin ages. See Figure 2.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Are the CRAs actually formation ages? It is possible 

the CRAs might represent some large scale resurfacing age, 
or perhaps ages of a relic population of an even more intense 
bombardment were preserved only when that bombardment 
decreased enough so that new impacts no longer obliterated 
old impacts. But the size-age distribution of the large basins 
(Figure 3) argues against this. The largest of the large basins, 
those with D>1500 km diameter, are not the oldest, but tend 
to fall in the middle of the age range for all the basins; 
smaller basins (<1500 km in diameter) span the full range. If 
part of a surviving population, it would be the largest basins 
that would be expected to most easily survive and therefore 
be the oldest. The size-age distribution actually suggests this 
may be a separate and perhaps unique population of objects, 
as might be expected for a Nice-like [2] Late Heavy Bom-

 Figure 1. Large impact basins on Mars > 1000 km in 
diameter. Three equatorial views shown at longitudes 
separated by 120 degrees. Background color is model 
crustal thickness from [6]: blues are thin crust, reds are 
thick crust. Solid circles are basins previously known 
from visible, topographic, or early crustal thickness data. 
Dashed circles represent 11 newly found candidate ba-
sins revealed in the new crustal thickness model [6]. 
Thickest line for any basin indicates best estimate of 
basin diameter. 

Figure 2. N(300) crater retention ages (top) and in-
ferred Hartmann-Neukum model absolute ages (bot-
tom) for 28 large basins > 1000 km diameter on Mars. 
Red = highland basins, blue= lowland basins, green = 
Tharsis basins, grey = candidate basins newly identified 
in a more recent crustal thickness model [6]. 
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bardment on Mars. If so, there are important implications for 
the rest of the solar system, as well as for Mars itself. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Inner Solar System Impact Chronology.  The peak of 

the model absolute ages for the large basins on Mars is ~4.15 
BYA. This appears older than the peak for the “terminal 
lunar cataclysm” [3,4] on the Moon, but is actually probably 
within the uncertainty of the current martian chronology [6]. 
If the strong peak shown in Figure 1 is indeed the Nice-type 
LHB signature, it may be possible to pin the lunar and mar-
tian impact chronologies to the known lunar LHB of ~3.9 
BYA, and improve the current Mars model absolute ages. If 
a similar peak in CRAs were found for Mercury basins, it 
would be possible to link this event throughout the inner 
solar system and produce a self-consistent, early solar system 
impact chronology for all the terrestrial planets. 

Late Heavy Bombardment on the Earth.  The largest 
of the large martian basins are over 3000 km in diameter 
(e.g., the Utopia impact basin). This is an order of magnitude 
larger than the Chixulub impact, and larger than even the 
South-Pole-Aitken basin on the Moon. The martian distribu-
tion includes at least 9 basins > 2000 km diameter. There are 
few such features on the Moon. Even the discovery in lunar 
topographic and crustal thickness data of a large number of 
previously unrecognized large impact basins [11] did not 
reveal any new basins in this size range. But it should not be 
assumed that South Pole-Aitken is anomalous and that the 
largest impact basins forming on the early Earth were all 
Imbrium-size and smaller. The existence of basins of this 
size on Mars suggests the impact population contained bod-
ies capable of producing such large basins everywhere, and 
these must be taken into account when attempting to assess 
the total effects of the LHB on the Earth. 

An early period free of large impacts? Although it has 
recently been argued again that the crustal dichotomy on 
Mars may be the result of a giant “Borealis Basin” impact 
[12], this likely predated all the large impacts currently rec-
ognized on Mars [13] and may have been an anomalous 
event that occurred well before the LHB. The apparent brief 
duration of the large diameter LHB on Mars (and presumably 
elsewhere in the solar system) and in particular the apparent 
absence of large impacts with N(300) CRA > 9, suggests the 
time period before the LHB may have been relatively free of 
large diameter impacts, on Mars and throughout the inner 
solar system. This is consistent with other data which has led 
to the suggestion of a “cool, early Earth” [14]. Both the Earth 
and Mars may have had ~400 MY of relatively benign, hab-
itable conditions before the onset of the large diameter Late 
Heavy Bombardment. 
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Figure 2. Basin diameter vs basin age. Top:  N(300 
Crater Retention Age (CRA). Bottom: Inferred 
Model Absolute Age (MAA). Color code same as for 
Figure 2. Error bars are counting statistics on CRAs. 
The largest basins are not the oldest. Basins > 1500 
km in diameter tend to fall in the middle of the age 
range; smaller basins span the range of ages. This 
supports the idea that these ages may in fact be for-
mation ages, rather than resurfacing ages or ages of a 
relic population emerging from a more intense pe-
riod of bombardment. This may be a unique popula-
tion, consistent with a Nice-like LHB. 
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