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Global stratigraphic schemes for planetary bodies usually
are based on the most common resurfacing process: the im-
pacts of planetesimals, which remain as craters and basins or
related features (e. g. ejecta) on planetary surfaces. Through
this random impact cratering process, the counting of the super-
imposed number of impact craters on planetary surface units
offers a valuable procedure in understanding the chronostrati-
graphic relationships of the impact structures.
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Figure 1: The frequency distribution of the ages of lunar
(empty) and Martian (filled) impact basins are given here. The
lunar distribution shows a maximum prior to 4 Gyr ago while
the Martian data shows maximum basin occurrence at 4 Gyrs
ago. This means that on Mars the oldest crustal structures
we observe today are no more than 4 Gyr old whereas on the
moon we look probably back to 4.3 or 4.4 Gyr. On Mars the
earlier record has been erased by endogenic and surface ero-
sional processes as proposed by Hartmann [3,4]

Mars–Moon and Asteroid Belt Connection: Recent
ground-based observational data indicate a wavy (deviating
from a simple power law) size frequency distribution (SFD)
for main belt and near-Earth asteroid populations. Neukum [1]
and Neukum and Ivanov [2] proposed a non–power law SFD
for the lunar cratering record. This SFD has kept its shape
over a period of more than 4 Gyr. The lunar crater SFD is used
to estimate the crater–generating family of projectiles from
the lunar crater production function since the imagery of the
Moon is the most complete and best investigated among the
terrestrial planets. Two slightly different lunar crater produc-
tion functions (PF.s) were proposed by W. Hartmann (HPF)
and G. Neukum (NPF). The maximum discrepancy between
the HPF and NPF is roughly a factor of 3 for crater diameters

near D=6 km. For diameters D
�

1 km and in the diameter
range of 30 to 100 km both functions give similar results [5].
The application of cratering scaling laws allows to estimate
the SFD of projectiles from the lunar crater SFD as well as to
transfer the lunar impact crater SFD to other terrestrial bodies.
The major conclusion is that the terrestrial planets are most
probably bombarded by a single projectile source, i.e. bodies
derived from the asteroid belt [2,5]. In case of Mars the cur-
rently best estimate of the Mars/Moon cratering rate ratio is
given by Ivanov [6]. The crater size–frequency measurements
for various geologic units of Mars allow to estimate an abso-
lute age on these surfaces by applying the Hartmann/Neukum
chronology [2,5] and making use of the analytical expression
derived by Ivanov [6]:

N(1) = 2.68 � 10 ����� (exp(6.93T) – 1) + 4.13 � 10 ��� T,
where N(1) is the cumulative number per km � for craters with
diameter 	 1 km; T is to be given in Gyr.

Ages of Martian Basins: A good test is dating the large
impact basins with the derived Martian production function.
As we know for the Moon, the large basins were produced no
later than about 3.8 Gyr ago and the situation should be similar
for Mars following the idea of a marker horizon [7]. According
to our investigation the oldest surface areas on Mars, roughly
the Martian southern highlands, e. g. Noachis Terra, was
formed about 4.0 to 4.1 billion years ago during the period of
the heavy bombardment.

For the interpretation of the ages of Martian basins we
remapped the ejecta blankets of the largest 20 impact basins
(larger than 250 km) on Viking imagery. Additional informa-
tion for the interpretation of important geological units was
obtained using MOLA topographic data. For these 20 basins
with detectable ejecta blankets the measured ages are within
the expected range of 3.7 – 4.1 Gyr. A few basins, where no
ejecta could be identified because of obvious resurfacing pro-
cesses are suspected to be even older. A relatively young age
of 3.4 billion years was obtained for the fresh–looking crater
Lyot, which resembles a basin but could be classified also just
as a large crater with a peak–ring.

As shown in figure 1 the ages of Martian basins accumulate
around 3.8 to 4.1 billion years (filled columns) while the lunar
basins (empty columns) appear to be on average older with
the majority of occurrence prior to 4 Gyr. The lunar basins
here have been dated by making use of the crater frequency
measurements from Neukum [1] and Wilhelms [8]. While
33 of the lunar basins were dated directly from the cratering
statistics, for ten of the oldest basins of pre–Nectarian age [8]no
crater frequency measurements exist; but we could determine
their stratigraphic relationship to the other basins. We assumed
the South Pole-Aitkin basin age to be roughly the same as the
average lunar highland age (assumed 4.35 Gyr). As a younger
limit, we have taken Al–Khwarizmi/King which has been dated
in terms of superimposed crater frequency [8] and which lies
stratigraphically just at the young–age side of the oldest basins
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where only stratigraphic relationships exist. The remaining
basins are distributed as shown in Fig. 1 in between these two
boundaries slightly biased to older ages.

Conclusion: The Martian surface we observe today ap-
pears to be not any older than 4.1 billion years. As an important
reference Noachis Terra shows an age of 4.0 billion years, in
accordance with the oldest basin ages. Almost all basins are
around 3.8 to 4.0 billion years old or even younger. Lunar
basins show ages between 3.85 and 	 4.3 billion years. The
number of basins per age period appears to be in the right pro-
portion between the moon and Mars. Mars shows for the time
span 3.7 – 4.0 Gyr a total of 16 basins whereas the moon has for
the same age period 10 basins. This is roughly in accordance

with the fact that the Martian highland surface which shows
basins is almost a factor of two larger than the total surface
of the moon which is the reference surface for the 43 basins
included in our discussion.
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