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Introduction: One of the most fundamental geo-
logical processes that shapes the surface of terrestrial
bodies is crater formation caused by impacts. For a
given impact cratering rate, the crater size-frequency
distribution (CSFD, i.e. the number of craters of given
diameter per unit area) can be used to derive the age of
a geological unit on a planetary surface [1]. This re-
quires a chronological function to link the relative age
(from CSFD) to the absolute model age (AMA).

The Moon is an ideal natural laboratory to study
impact cratering due to the lack of post-modification
processes, and the radiometrically dated rock samples
brought back from the Apollo and Luna missions [2].
The calibrated lunar chronology function serves as
reference and can therefore be used to determine
chronological functions for other planetary bodies,
provided that the flux of impacting body is known [3].
Another precondition has been highlighted in [4]: “em-
pirical lunar chronologies [e.g. 5] have been derived
based on the assumption that the effects of target prop-
erties on the cratering on different terrains are negligi-
ble”.

Recent studies on small craters (<100 m) have
demonstrated that the shape of CSFDs show considera-
ble variation due to various factors such as target prop-
erties [4, 6-11], secondaries [6,8,9,12], crater-
saturation [13] and atmospherical interactions [6]. A
clear understanding of these factors and their influence
on the CSFDs is still missing, but crucial for the deter-
mination of ages of geologically young features by
crater counting. [6].

In most previous studies [6,7,11], common crater
scaling laws [14] were used in order to quantify the
effect of target properties on AMAs. Unfortunately,
existing scaling laws only predict the size of the transi-
ent crater on a homogeneous target [4], heterogeneities
in the target are neglected despite their obvious exist-
ence on planetary surfaces.

We have used numerical experiments of impact
crater formation to assess the effect of target properties
in a more systematic way (e.g in [4,15]). In particular,
in this study we focus on small craters (< 500 meters)
on the lunar regolith and basalt. Target parameters such
as porosity, friction, cohesive strength and different
material types were investigated with our numerical
models and to study the effects on the crater-size fre-
quency distribution slope, and/ or systematic diameter
shifts.

Methods: In this work we use the iSALE shock
physics code [16-18]. We conducted numerial experi-
ments for small craters on the Moon (<500 meters in
diameter). We modeled vertical (90°) impacts with a
projectile diameter range between 2 to 40 meters and
an impact velocity of 12.7 km/s (which corresponds to
the vertical component of the most likely impact veloc-
ity 18 km/s at a 45° angle on the Moon). Simulations
were carried out for two types of targets, a dust-like
and a rock-like layer to represent the respective behav-
ior of the regolith and basalt. We account for differ-
ences in porosity and material strength in the two tar-
gets by using a porosity compaction model [18] and
two different strength models: Drucker-Prager (rego-
lith) and a more complex strength model for hard rocks
(basalt) described in [15,17]. Target properties such as
porosity, friction and cohesive strength were varied
over a range of plausible values (Table 1). In all mod-
els, the projectile consists of non-porous dunite, and a
resolution of 20 cells per projectile radius was selected,
to keep the relative error on crater diameter below 5%.

Table 1 iSALE parameters. Further details on defined
parameters: fsam (basalt)=0.6, Y gam (basalt)=10kPa, and
abbreviations: dam= damaged, int=intact, f= friction,
Y= maximum yield stress, Str. model= strength model,
EoS=equation of state, Coh Str.= cohesive strength.

Regolith Basalt

Porosity 0, 7,15, 25,38 % 0,12%

Foam/ Fint 0.4,0.6,0.8, 1.0 1.0,1.2,1.5,2.0
Coh. str. Cohesionless 0.1,1,10, 50 MPa
Y dard Yint 100 MPa’ 2,5GPa
Str. model Drucker-Prager? Rock®

EoS ANEOS Quarzite ANEQS Basalt

1: from [21] , 2: described in [15] , 3: described in [17]

In order to investigate the effect of target properties
on the age derived from crater counting, the final crater
diameter needs to be determined. Due to small diame-
ters of the crater forming projectiles and relatively high
impact velocities (several km/s), the models cause high
demands on computational resources. Therefore, first
evaluations will be made from model runs for the tran-
sient crater. The transient crater is measured at the time
when the crater volume reaches its first local maximum
[19]. In our case, for simple craters, we can estimate
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the final crater diameter (Dy) from the transient crater
diameter (Dy) according to [20]: D;= 1.18D; (1)

For examples, the final crater will be computed in
the numerical experiments to develop more transient to
final crater scaling.

Results and Discussion: In total, we will perform
more than 500 models over a wide range of plausible
values for porosity, friction and cohesive strength to
simulate the lunar regolith and maria. Results for
slightly larger projectile diameters (larger than 40 to
100 meters) show that the influence of target properties
can be quite variable depending on target properties.
We confirm previous observations [15], of an increases
porosity causeing a reduction in crater size due to less
energy available in the system for crater excavation
(energy lost due to compaction of pores). On the other
hand, a decrease in friction and cohesive strength leads
to bigger crater diameter.

We will demonstrate our results for smaller craters
(evaluation of the results are still in progress) with re-
spect to the influence on variability of the slope of the
crater size frequency distribution and possible system-
atic diameter shifts and their implication on age deter-
mination.
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