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Introduction: Impact craters, one of the most persistent geological features on solid planetary bodies, are the af-

termath of cosmic collisions. Impact craters are typically classified into two main categories: (i) simple and (ii) 

complex [1]. As craters transition from simple to complex structures [2,3], another sub-group, dubbed “transitional” 

craters, appears. These craters cannot be classified as either simple or complex, because their morphologies tend to 

differ from both (e.g. flat crater floors, but no visible central uplift) [2]. On the Moon, the transition occurs at ~19 

km [2]; however, a significant variation in crater diameters [3] and depths [4] have been observed. While target 

properties have been generally considered as the primary factor in the observed differences [2], the role of the im-

pactor (e.g., size, velocity) should not be neglected. In this work, we use numerical modeling to investigate the role 

and effect of impactor properties on crater morphology and temporal evolution of transitional lunar craters.  

Methodology:  We ran a series of simulations using iSALE-2D, a multi-material, multi-rheology shock physics 

hydrocode [9,10]. Due to the axial symmetry of the 2D model, only vertical impacts were considered. We used the 

ANEOS equation of state for granite [11] to represent the lunar crust, and dunite [12] to represent the impactor. The 

effect of acoustic fluidization [13] was also taken into consideration. The grid resolution was set to 10 cells per pro-

jectile radius (CPPR). The two parameters varied throughout all simulations were the impactor velocity and diame-

ter, as these are the required parameters for producing the same size final crater. The target properties were kept 

constant. To account for a wide range of lunar impact velocities [14], we set the range from very low values (6 km/s) 

up to the maximum of 23 km/s. To estimate the amount of melt, we ran high resolution simulations (80 CPPR) with 

cell tracers turned on, and in post-processing, implemented the peak shock pressure method [11].   

Results and Summary: The effect of the impactor velocity and size on the crater morphology and mineralogical 

signature is non-negligible. While it is challenging to precisely quantify to what degree impactor properties play the 

role in the final crater characteristics, the aftermath of large/slow vs small/fast impactor suggest a rather large con-

tast in terms of volume of melt, projectile survavibility, mineralogical composition, and potential hydrothermal ac-

tivity. The latter is the especially important factor when planning space missions and searching for possible ancient 

life on other planetary bodies (e.g. Mars).  The results in our study are consistent with previous studies, suggesting 

that the impactor velocity will play an important role in generating melt. Therefore, the craters of same size, depend-

ing on the impactor characteristics, might have quite diverse morphological and mineralogical signatures. The effect 

of acoustic fluidization on transitional craters is more problematic to constrain because of very broad morphological 

differences among these craters. We are currently using observed lunar crater profiles to constrain acoustic fluidiza-

tion parameters (viscosity and decay time) within the transitional crater regime. 
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