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Introduction: The use of scaling laws is a popular approach to predict the outcome of an impact event from ex-

isting analysis of other comparable events [1]. It provides the opportunity to relate crater dimensions, such as diame-

ter, to the properties of the impactor and target. Crater scaling laws are applied in a wide range of problems in plane-

tary sciences, for instance, they are used to quantify the effect of target properties on the age determination derived 

from cratering statistics [2,3]. However, such scaling laws have usually been developed for a homogeneous target, 

i.e. heterogeneity has been neglected despite their obvious existence on planetary surfaces. As a consequence, ef-

fects of spatially varying mechanical properties have been omitted [4]. Recent results [5] show the possible presence 

of a porosity gradient in the lunar crust down to depth of about 10-20 km. Assuming depth-diameter ratios (1/10 - 

1/20), craters with diameters of 200 - 400 km could be expected to follow scaling for porous material. Consequently, 

existing scaling laws need to be updated to include the effect of porosity gradient. This has been considered in a 

recent initial numerical study [6] including both yield-strength and porosity gradients under lunar target conditions. 

This demonstrated the effect of the regolith-to-megaregolith-to-basement transitions and indicated deviations of up 

to 20 % in diameter compare to conventional and homogeneous one-target layer. Here we build upon these initial 

experiments and further test the influence of heterogeneous materials on crater scaling laws. First, we study discon-

tinuities of target properties (cohesive strength, porosity, friction) and how they affect crater formation by varying 

their magnitudes. In a second set of experiments, we studied the effect of porosity gradients and the applied porosity 

model [7]. By doing so, we are able to assess the role of the porosity gradient in crater formation and the derived 

scaling parameters, and to quantify their variation with respect to conventional values for homogeneous targets.  

 

Methods: We use the shock physics code iSALE-2D [7-9]. For the first set of experiments, we modeled vertical 

(90
o
) impacts with an impact velocity of 12.7 km/s for lunar conditions  into various targets composed of 2 homoge-

neous layers. Projectile diameters were varied (0.1 - 25 km) in order to capture the whole range of crater geometries: 

from normal to flat-bottom to concentric geometry (i.e. nested craters) [10]. The role of the strength constrast was 

assssed by varying the cohesion over several orders of magnitude, for impacts into weak materials overlying strong-

er materials, and vice versa. We also include a variation in the angle of reposes, which has also previously been 

shown to lead to nested craters [11,12]. We account for differences in material strength by using the Drucker-Prager 

strength model. In all models, the resolution is 20 cells per projectile radius. In a second step, we looked at how spa-

tial change of mechanical properties affects crater formation and derived scaling laws, especially the depth-

dependence of porosity. Here, impact simulations were initially conducted into single-layer targets. We modified the 

porosity compaction model [6] to include a porosity gradient, which is described by equation [5]: 𝛷(𝑧) =

 𝛷(𝑠𝑢𝑟𝑓𝑎𝑐𝑒) exp (−
𝑐𝑃(𝑧)

𝑃𝑐
) where PC is the closing pressure, c is a experimentally-derived constant equal to 6.15, P(z) is 

the lithostatic pressure, and Φ(surface) and Φ(z) are the porosities at the surface and at a depth of z.  

 

Preliminary results & Conclusion: The presence of a porosity gradient decreases considerably the slope of the 

scaling law exponent β. We observe a decrease compared to the exponents derived for homogeneous targets. The 

magnitude of this decrease is expected to be dependent on the porosity gradient. A faster decrease of porosity with 

depth would therefore lead to lower scaling law exponents and thus an earlier transition to the scaling laws for non-

porous materials. Our models including target layering show a similar behavior than what was reported by [6]. Sim-

ulations are still in progress and more detailed results will be presented at the meeting.  
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