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Introduction:  The formation of impact basins 

played a dominant role in the evolution of ancient plan-
etary crusts. Despite their importance, the formation of 
large basins, and especially the transition from peak-
ring to multiring basin morphologies, is poorly under-
stood. The prevalence of impact craters on the Moon 
and wealth of geophysical data present an opportunity 
to better understand basin formation and the peak-ring 
to multiring basin transition. Hertzsprung Basin, the 
smallest basin classified as a multiring basin on the 
Moon, has a distinct inner depression and 3 rings at 256 
km, 408 km, and 571 km diameter [1].  Freundlich-
Sharonov, the largest identified peak-ring basin, is 
slightly smaller with a peak-ring at 200 km and an outer 
ring at 582 km diameter [1, 2]. We consider both basins 
to be at the transition between peak-ring and multiring 
basins. The intermediate ring of Hertzsprung is much 
lower in relief than the inner or outer rings, unlike the 
intermediate rings of well-developed multiring basins. 
A similar intermediate ring in Freundlich-Sharonov 
could have been obscured by the large craters within the 
basin. In high-resolution crustal thickness models [1], 
both basins show a cap of crustal material in the center 
of the basin, with the cap of Hertzsprung being thicker 
than that of Freundlich-Sharonov (Figure 1). Hertz-
sprung also shows a bench-like structure in the crust-
mantle morphology, defined by a step-like geometry of 
the crustal thickness profile (yellow star) which is not 
observed in Freundlich-Sharonov or in larger multiring 
basins. This difference in crust-mantle shape raises the 
question of whether bench development is related to the 
transition from peak-ring to multiring basins, and what 
accounts for the difference between Freundlich-
Sharonov and Hertzsprung basins. Here we simulate lu-
nar basin formation to understand how pre-impact con-
ditions affect basin formation and the transition between 
peak-ring basin and multiring basins, with a focus on the 
bench structure of Hertzsprung and reproducing the 
crustal caps of both basins.  

Methods:  We model impact crater formation on 
the Moon using the shock-physics hydrocode iSALE-
2D [3-7]. Our models consist of a dunite impactor hit-
ting a granitic crust overlying a dunite mantle, testing 
crustal thicknesses between 30-60 km and lithospheric 
thermal gradients from 10-20 K/km. All models had 1 
km resolution and an impactor diameter of 40 km. We 
are testing a variety of crustal thicknesses and thermal  

 
Figure 1: Topography and crust-mantle boundary pro-
files for Freundlich-Sharonov (A) (after [2, 8]) and 
Hertzsprung (B) (after [11]) basins derived from 
GRAIL data. Crustal composition is gray and mantle 
composition is white. The bench morphology, high-
lighted by a yellow star, of the crust-mantle interface of 
Hertzsprung is not seen in the comparably-sized Freun-
dlich-Sharonov basin.  
 
gradients due to the range of appropriate values from 
GRAIL data and previous modeling studies [2, 8-10].  

We evaluated our models on the development of a 
bench structure as seen in panel B of Figure 1. The 
thickness in the basin center is also considered as a sec-
ondary criteria to distinguish between Freundlich-
Sharonov-like and Hertzsprung-like basins, in conjunc-
tion with the development of lithospheric faults where a  
fault is defined as a continuous, traceable bend in tracer 
lines.  

Preliminary Results: The development of the 
bench morphology in crust-mantle structure depends on 
lithospheric thermal gradient, with lower thermal gradi-
ents making the development of the bench structure 
more likely. Simulations with a lithospheric thermal 
gradient of 15 K/km and crustal thicknesses of 30-50 km 
produce the bench structure in the crust-mantle inter-
face. This result is consistent with the observation that 
Hertzsprung has a younger crater retention age than 
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Freundlich-Sharonov [2, 3], and presumably formed in 
crust with a lower thermal gradient. 

We found that having a thicker pre-impact crustal 
thickness increases the amount of crust in the inner ba-
sin at the end of the simulation, and a pre-impact crustal 
thickness of at least 50 km is needed to reproduce the 
crustal thickness on the crater floor. Increasing the ther-
mal gradient also increases the amount of crustal cover 
of the final basin floor because material is weaker at 
higher temperatures and is able to move farther inward 
during crater collapse, consistent with [2, 10]. 

For crustal thickness of 30, 40, and 50 km with ther-
mal gradient of 15 K/km, we observe at least 2 litho-
spheric cutting faults, indicating agreement with the 
multiring classification of Hertzsprung. Additionally, 
the bench structure is consistently associated with a pos-
sible fault in the crust, suggesting a relationship between 
ring faults and the bench morphology. In these models, 
the bench-like structure appears to be a result of a more 
gently dipping (~35°) fault intersecting the edge of the 
mantle uplift, in comparison to the steeper ring faults 
intersecting the crust-mantle interface outside of the 
mantle uplift. Simulations with 50 km crustal thickness 
and 20 K/km thermal gradient do not develop the bench 
structure and consequently are a better match to Freun-
dlich-Sharonov basin.  

Discussion: We are currently classifying simula-
tions as Hertzsprung-like or Freundlich-Sharonov-like 
based on the presence or lack of a bench structure and 
crustal cap. More work is needed to ensure that factors 
such as ring spacing and bench location are also satisfy-
ing observational constraints. These preliminary simu-
lations suggest that to successfully model either Freun-
dlich-Sharonov-like or Hertzsprung-like basins, there is 
a balance to strike between the lithospheric thermal gra-
dient and pre-impact crustal thickness; models need 
enough crustal thickness to reproduce the crustal cap in 
the basin center, but too thick of a crust layer inhibits 
the formation of the bench structure. Increasing the ther-
mal gradient prohibits the development of the bench 
structure and also results in fewer ring faults, two fac-
tors that are more consistent with Freundlich-Sharonov-
type basins.  

Conclusions and Future Work: The factors gov-
erning which type of basin forms at transitional sizes re-
main poorly understood. Hertzsprung and Freundlich-
Sharonov basins, similar in size and location on the 
Moon, give a valuable opportunity to test how various 
planetary conditions can affect multiring and peak-ring 
basin formation. Here we have begun to understand how 
crustal thickness and thermal gradient affect crater de-
velopment, and future work will look closely at how the 
bench structure relates to inner ring fault formation.  

 

Figure 2: Comparisons of numerical simulations with 50 
km thick crust with 15 K/km thermal gradient (A) and 
20 K/km (B). The lower thermal gradient of panel A 
shows a bench structure development around 100 km 
radial distance, but this feature is not present in simula-
tions with higher thermal gradients.   
 
Acknowledgements: We acknowledge and thank the 
developers of iSALE-2D (www.isale-code.de), the sim-
ulation code used in our research, including Gareth Col-
lins, Kai Wünnemann, Dirk Elbeshausen, Boris Ivanov, 
and Jay Melosh. 
 
This work was supported by grant 80NSSC17K0341 
from the NASA Lunar Data Analysis Program. 
 
References: [1] Neumann, G. A.  et al., (2015) Sci. Adv. 1, 
e1500852–46. [2] Freed, A. M. et al. (2014) JGR Planets, 1–
20. [3] Amsden, A. A. et al. SALE: A Simplified ALE Com-
puter Program for Fluid Flow at All Speeds, Los Alamos Na-
tional Laboratories Report, Los Alamos, NM (1980). [4] Col-
lins, G. S. et al. (2004) Meteorit. Planet. Sci., 39, 217–231. [5] 
H. J. Melosh, H. J. et al. (1992) JGR, 97, 14735–14759. [6] 
Ivanov, B. A. et al., (1997) Int’l Jour of Impact Engineering. 
20, 411–430. [7] Wünnemann, K., et al. (2006) Icarus, 180, 
514–527. [8] Wieczorek, M. A. et al., (2013) Icarus. 339, 671–
675. [9] Johnson, B. C. et al. (2017) Icarus. 354, 441–444. 
[10] Johnson, B. C. et al. (2018) JGR Planets. 8, 387–16. [11] 
J. C. Andrews-Hanna, J. C. (2018) LPS XLIX Abstract #2909 

 

2026.pdf50th Lunar and Planetary Science Conference 2019 (LPI Contrib. No. 2132)


