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MARS SAMPLE RETURN AND CRATERING CHRONOLOGY MODELS: 
CONSEQUENCES FOR THE MARTIAN HISTORY AND SITE SELECTION 

G. Neukum, DFLR Oberpfaffenhofen, 8031 Wessling, FRG, and 
R. Greeley, Arizona State University, Tempe, Arizona, USA 

In the absence of dates derived from rock samples, impact 
crater frequencies are commonly used to date martian surface 
units (1-4). All models for absolute dating rely on the lunar 
cratering chronology (integrated cratering rate on the moon 
derived by relating crater frequencies at the Apollo landing 
sites to radiometric ages of the lunar rocks from those sites) 
and on the validity of its extrapolation to martian conditions. 
Starting from somewhat different lunar chronologies, rather 
different martian cratering chronologies are derived, as dis- 
cussed by (2,3). Currently favored models of (1) and (3,5) are 
compared in Fig. 1. The differences at younger ages ( <  3.8 ' 10 
years) are considerable and give absolute ages for the same 
crater frequencies as different as a factor of 3. The total un- 
certainty could be much higher, though, because the ratio of 
lunar to martian cratering rate is considered to be known no 
better than within a factor of 2. Thus, it is of crucial 
importance for understanding the evolution of Mars to establish 
a valid martian cratering chronology from crater statistics in 
combination with unambiguous radiometric ages of returned martian 
samples (6 ) . 

Fig. 2 shows the history of the martian surface as deter- 
mined from crater statistics (summarized by (3)) by applying 
three different cratering chronology models: Neukum and Hiller's 
model I (Fig. 2a) and model I1 (Fig. 2b) and model I11 (Fig. 2c) 
which is approximately equivalent to the model developed by Hart- 
mann (1) (about a factor of 2 higher crater frequency for the 
same age compared to Neukum and Hiller's model 11). We end up 
with drastically different evolutionary schemes for Mars. Such 
drastic differences have significant implications for interpre- 
ting the internal processes of geochemical differentiation of 
magmas on Mars. Thus, understanding the evolutionary path of Mars 
in determining the correct cratering chronology model is of prime 
importance in future Mars sample return missions. It is especial- 
ly important, as seen in Fig, 3, to determine the "knee" in the 
chronology, where the high decaying post-accretional cratering 
rate bends over to a constant rate. Therefore it is imperative 
that we sample rocks in a young area (Amazonian age) such as of 
the lava plains south of Olympus Mons or west of Arsia Mons. Fig. 
4 shows data from the latter site from (7) giving an age of 
1.6-1.8 Aeons for model 11. In model I, the eruption of lavas at 
this site would have occurred much earlier and would fall right 
on the "knee" in the cratering chronology curve. The actual po- 
sition in time of the transition from decaying flux to steady 
flux (if the analogy to the lunar case holds at all) determines 
whether Mars developed very rapidly early in its history, or 
whether there was prolonged activity, possibly until very 
recently. 
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