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Introduction. The late heavy bombardment on 
the Moon has variously been attributed to the tail 
of a more or less monotonically declining popula-
tion of impactors in the inner solar system or to 
the so-called terminal cataclysm [1], a pro-
nounced interval of greater impact flux at ~3.8-
3.9 Ga than either subsequently or between that 
time and the final stages of planetary accretion 
ending around ~4.5 Ga [e.g., 2]. Although this 
question has not been settled definitively, recent 
dynamical modeling has added to the arguments 
in favor of some form of terminal cataclysm. It is 
therefore worth considering seriously the conse-
quences of that hypothesis for the geological evo-
lution of other bodies in the inner solar system. 
Here we present such an evaluation for Mars. 

Arguments Favoring a Cataclysm. The ear-
liest arguments for a terminal lunar cataclysm 
were based on the clustering of ages of impact-
brecciated highland samples between 3.8 and 3.9 
Ga [1-3]. The difficulty attributing this clustering 
to resetting of ages by a few relatively young ba-
sin-forming impacts [2] and the lack of impact 
melts older than ~3.9 Ga in lunar meteorites, a 
more random sampling of lunar material than the 
Apollo or Luna collections [4], strengthen the 
case for a cataclysm but do not prove it. 

Radiometric dates are available for only a few 
of the frontside lunar basins, but a strong case can 
be made on the basis of those data and strati-
graphic arguments that the youngest ~15 lunar 
impact basins at least 300 km in diameter [5] 
formed within the 100-My period 3.80-3.90 Ga 
[3] and perhaps within a shorter interval brack-
eted by those ages. Although earlier orbital dy-
namical simulations were regarded as consistent 
with a monotonically decaying population of im-
pactors in the inner solar system [6], more recent 
simulations — which include the effects of colli-
sions, extend for longer integration times, and are 
constrained by lunar basin ages — suggest instead 
that the declining bombardment model is incon-
sistent with the lunar cratering record [7]. 

Dynamical Models for a Cataclysm. Two 
dynamical hypotheses have recently been put 
forward to account for a terminal lunar cataclysm. 
One is based on the suggestion that the era of ac-
cretion of the inner planets (following the Moon-

forming impact and the impact postulated to have 
stripped much of Mercury’s mantle) yielded five 
planetary bodies [8]. For suitable choices of initial 
orbital semi-major axis and eccentricity the fifth 
planet may have been long-lived but unstable on a 
timescale of ~700 My and thereafter lost. Pertur-
bation of such a planet into an eccentric orbit 
could have scattered main belt asteroids into 
resonances or Mars-crossing orbits [8]. 

An alternative hypothesis is that the gas-giant 
planets originally formed between 5 and 15 AU 
from the Sun, but interactions with planetesimals 
scattered inward from an outer disk of primordial 
material caused Saturn to pass through the 1:2 
mean motion resonance with Jupiter [9-11]. This 
event increased the eccentricities and inclinations 
of Jupiter and Saturn, pushed Uranus and Neptune 
outward, and destabilized the planetesimal disk, 
contributing to the late heavy bombardment. The 
new orbital configurations of the major planets 
also caused secular resonances to sweep across 
the main asteroid belt, adding another population 
of impactors at the same time period [11]. Obser-
vational support for the idea that the main asteroid 
belt was a significant contributor to the late heavy 
bombardment comes from the demonstration that 
the size distribution of craters on the highlands of 
the Moon, Mars, and Mercury matches the size 
distribution of objects in the asteroid belt, 
whereas craters on younger solar system surfaces 
have a distinct size distribution similar to that of 
near-Earth asteroids [12]. 

A Cratering Cataclysm on Mars? Both of 
the above dynamical hypotheses for the late 
heavy bombardment of the Moon would have also 
produced an intense pulse of basin formation and 
smaller crater formation on each of the inner 
planets, including Mars. 

The most obvious implication for Mars is that 
most, and perhaps all, of the large preserved ba-
sins would date from the limited time interval 
~3.8-3.9 Ga. This statement would extend to ba-
sins substantially to fully buried by younger 
sedimentary and volcanic materials and now dis-
cernible only from their signatures in surface to-
pography [13,14] or radar sounding [15,16]. A 
corollary is that the density of basins and craters 
on surfaces older than 3.8-3.9 Ga could not be 
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