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Introduction:  Models of impacts into planetary 
surfaces often use a simplified target sequence to reduce 
computational complexity. The observational record, 
both on the Moon [e.g., 1] and Earth [e.g., 2], show that 
craters of a similar diameter in different target rocks 
may appear very different. Models of complex crater 
formation in mixed targets suggest that numerous mor-
phological properties differ depending on the structure 
of the target: specifically, the presence and thickness of 
a sedimentary sequence [3]. Recent additions to the 
strength model used in the iSALE-2D (impact-Simpli-
fied Arbitrary Lagrangian Eulerian) shock-physics code 
allows for the approximation of weak layers evenly dis-
persed in the target without the computation burden that 
would be required to model them individually, allowing 
for a simplified method for modelling impacts into 
mixed targets with a more realistic sedimentary se-
quence [4]. 

In this study, we simulate ~120 impacts into mixed 
targets with varied sediment thickness and impactor di-
ameter using the iSALE-2D shock physics code to study 
the effect of sediment thickness on transient cavity ex-
cavation and subsequent collapse.   

Numerical Models: All simulations were con-
ducted using the Dellen release of the iSALE-2D shock 
physics code [5], with modifications made to the calcu-
lation of the yield envelope to account for anisotropic 
materials [4]. iSALE is a multi-material, multi-rheology 
extension to the SALE hydrocode [6], modified to in-
clude an elasto-plastic constitutive model, fragmenta-
tion models, various equations of state (EoS) and multi-
ple materials [7, 8], improvements to the strength model 
[9], the implementation of a porous compaction model 
[10], and a dilatancy model [11]. 

The sedimentary layer in the target was represented 
as non-porous calcite, while the basement layer and im-
pactor were represented as granite. The behavior of both 
materials at extreme temperatures and pressures are de-
scribed using EoS tables generated using the analytic 
EoS (ANEOS) tool [12], with parameters suitable for 
calcite [13] and granite [14]. The models contained ei-
ther an isotropic sedimentary sequence (i.e., utilizing 
the unmodified version of iSALE-2D) and an aniso-
tropic sedimentary sequence approximating the inclu-
sion of thick weak layers dispersed through the target 
(i.e., N=21.4, F=1, and G=5; refer to [4] for details of 
the parameters used in the Tsai-Hill yield criterion). 

Strength and damage parameters are identical to those 
used in [4]. In all models, the impact velocity was fixed 
at 15 km/s with terrestrial gravity. In each case, the vol-
ume, depth, and diameter are extracted when the transi-
ent cavity reaches its maximum volume. 

Results: Both the cratering efficiency (𝜋") and the 
dimensionless transient cavity diameter (𝜋#) show de-
pendence on both the thickness of the sedimentary layer, 
as well as the parameters used in the anisotropic strength 
model (Fig. 1). As the impactor diameter is increased to 
the maximum value in this study (𝐷% = 3	km, 𝜋, =
2.1 × 1023), all 3 sets of models (isotopic crystalline, 
isotropic mixed with 3 km sediment thickness, and ani-
sotropic mixed with 3 km sediment thickness) begin to 
approach a similar cratering efficiency, while a constant 
spread between the 3 sets of models is observed for the 
dimensionless transient cavity diameter regardless of 
impactor size.  

 

 
Figure 1: a) Cratering efficiency (𝜋") and b) dimensionless 
transient cavity diameter (𝜋#) as a function of gravity-scaled 
size (𝜋,) for the purely crystalline case (0 km, iso), the mixed 
case with a 3.0 km thick isotropic sedimentary sequence (3.0 
km, iso), and the mixed case with a 3.0 km thick anisotropic 
sedimentary sequence (3.0 km, aniso). The box in both figures 
indicates the set of models with the same impactor diameter as 
the data plotted in Figure 2. 
 

We then focused on a specific impactor size 
(𝐷%	~	1.5	km, 𝜋,	~	1.1 × 1023) and analyzed the vol-
ume, diameter, and depth of the transient cavity as a 
function of sediment thickness for both the isotropic and 
anisotropic cases (Fig. 2). The volume of the transient 
cavity in the mixed, isotropic target increases ~26% rel-
ative to the purely crystalline model, while an even 
greater increase (~52%) is observed in the anisotropic 
target. The diameter of the transient cavity also shows a 
substantial increase (~12% and 35% for the isotropic 
and anisotropic targets, respectively). 
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Figure 2: a) Volume and b) diameter when the transient cavity 
reaches its maximum volume, both normalized against the 
purely crystalline, isotropic case, as a function of sediment 
layer thickness for the 𝐷%	~	1.5	km simulations. 
 
While the volume of the transient cavity increases mon-
otonically, the diameter shows a more complex depend-
ence; when the sedimentary layer is thicker than a cer-
tain value (1.5 km and 2.5 km for the isotropic and ani-
sotropic cases, respectively), the diameter begins to 
plateau as the thickness of the sedimentary layer is in-
creased further. In both the isotropic and anisotropic 
cases, the depth of the transient cavity (not plotted) does 
not show a strong dependence on the thickness of the 
sedimentary layer.  

Lastly, we focus on the same set of simulations as 
above (𝐷%	~	1.5	km) but at the end of crater formation 
(200 s, Fig. 3). The difference observed in the final 
crater volume between the 3 km sedimentary target and 
the purely crystalline target grows to ~64% and ~61% 
for the isotropic and anisotropic cases, respectively. The 
differences observed for the final diameter (as measured 
relative to the pre-impact surface) are not as significant; 
the crater formed in the 3 km sedimentary, isotropic tar-
get has a ~18% greater diameter than the purely crystal-
line target, while the anisotropic case shows a ~50% in-
crease (an increase of 6% and 15% relative to the differ-
ence observed in the dimensions of the transient cavity). 

Discussion and Future Work: Our results show 
that significant differences are observed in the size of 
the crater formed in different targets (purely crystalline 
versus mixed with a thick sedimentary layer) both prior 
to modification (maximum cavity volume) as well as af-
ter the impact process has completed. Previous numeri-
cal studies have highlighted the differences in the final 
diameter of craters formed in different target types, and 
attribute the greater diameter observed for craters 
formed in mixed targets with a relatively thick sedimen-
tary sequence (e.g., the pre-impact target at Haughton) 
to both the larger transient cavity size, as well as the en-
hanced inward collapse of the weaker sedimentary layer 
[3]. 

 

 
Figure 3: a) Volume and b) diameter at the end of the simula-
tion, both normalized against the purely crystalline, isotropic 
case, as a function of sediment layer thickness for the 𝐷%	~	1.5 
km simulations. 

 
Our results support their observations, and further sug-
gest that the inclusion of weak layers within the sedi-
mentary sequence (i.e., by treating the sedimentary 
layer as an anisotropic medium) serves to enhance the 
observed differences, suggesting that the presence of 
planes of weakness within the target (e.g., such as the 
anhydrite layers interspersed throughout the subsurface 
at Haughton [15]) may further exaggerate the effects of 
a thick sedimentary layer throughout the impact pro-
cess. 

Future extensions to this project will focus on further 
quantifying the relative effect that each process (i.e., the 
excavation and expansion of the transient cavity, fol-
lowed by the inward collapse of the weaker sedimentary 
layer) has on the differences observed in the final crater 
diameter and depth for craters formed in mixed targets 
with varied sediment thickness.  
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