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Introduction: The largest crater- or basin-forming events, although least frequent, are associated with the first 

~700 Myr of the solar system evolution. They formed in then young crust, and their morphology shows peak-ring or 
multi-ring structures atypical for a smaller, simple or complex, craters. Their formation also involves a significant 
structural rise of deep-seated material, including upper mantle as well as extreme crustal ejection, fracturing and 
stratigraphic overturn [1-2]. Recent high-resolution GRAIL-gravity survey of the Moon produced an updated lunar 
basin catalogue, containing approximately 60 impact basins from this epoch [3]. Gravity data has also allowed for 
additional limits to sizes of these basins [1] as well as understanding the formation of lunar basins, particularly their 
rings [4]. These advancements place constraints on the level of shock and deformation caused by the largest impact 
bombardment in the early lunar crust.  

For the most heavily cratered terrain on the Moon, the crater equilibrium onset diameter is at least 10 km [5]. 
This means that if no other geological processes interfered, the entire ancient crust (or, at least the lunar highlands) 
was struck at least once by an impactor forming a crater that is 10 km in diameter (not including more frequent 
bombardment by smaller impactors). Therefore, it is unlikely that impact basins could have been in equilibrium as 
well, even if one includes the furthest reach of their ejecta. However, shock effects in the ancient lunar crust were 
caused by the largest impactors, causing the most drastic changes in the crust, including regional crustal re-mixing 
and ejecta deposition over the largest distances. 

Method: We focus on a range of lunar basins, starting with the South Pole-Aitken basin, the largest lunar basin, 
and investigate the entire range of lunar basins, including the level of shock and deformation experienced during 
cratering and crustal ejection. To simulate lunar impact basin formation, we used the iSALE-2D hydrocode, a multi-
material, multi-rheology finite difference shock-physics code used for simulating impact processes in geologic me-
dia [7-9]. This code has been extensively used for modeling impact basin formation on the Moon [1-2,4,6,10-15], 
and was benchmarked against other hydrocodes [16]. 

Results: Numerical modelling of peak-ring basin formation showed that the peak ring forms from the material 
that is part of the central uplift outwardly thrust over the inwardly collapsing transient crater rim. Simulations of 
lunar basin formation showed that the peak or inner ring in peak-ring or multi-ring basins, respectively, is composed 
of the overturned crust and deep-seated material, possibly from the upper mantle [2,6]. In contrast, the outer rings 
(that form in multi-ring basins) likely form as normal faults, without causing significant change in stratigraphy [4]. 
Our preliminary results: (a) investigate shock and deformation levels of the early and late ejecta in lunar basins, and  
(b) review crustal re-mixing and changes in crustal stratigraphy during basin formation. 

Conclusions: Impact basin formation as well as ejecta formation were extensively modelled. The shock pres-
sures and material deformation at each cratering stage experienced were recorded in detail. We aim to produce a 
comprehensive shock and deformation history of the ancient lunar crust based on the impact modelling and impact 
statistics.   
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