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Introduction: Impact craters are the most abun-

dant geologic features in the solar system. The analysis 
of crater morphology can provide us with important 
constraints of the volcanic, tectonic, and crustal history 
of planetary bodies. For example, the comparison be-
tween the initial and current shape of an impact crater 
can enhances our knowledge of geologic processes that 
modified the impact crater (e.g., sedimentation, ero-
sion, tectonic deformation, or volcanic infilling) [1]. 
Further, analyzing the crater statistics is a tool that 
provides estimates for the age of a planetary surface 
remotely [2]. 

The surface of the Moon, Mercury, and Mars are 
highly cratered, and therefore, analyzing the shape of 
craters and determining the depth-diameter curve for 
their surface is relatively straightforward. Venus, in 
contrast, has only ~1000 sparse impact craters on the 
surface, and thus, determining an estimate for the age 
of the Venusian surface is difficult [3]. Based on radar 
backscatter properties, there are two types of craters on 
Venus: dark floored craters and bright floored craters. 
It has been interpreted that dark floored craters are 
affected by volcanism and their distribution is random 
[4]. Bright floor craters, however, are in their pristine 
shape and their distribution show some degree of clus-
tering [4, 5]. Previous studies have examined the Ve-
nusian craters and have estimated the geometric prop-
erties of fresh impact craters such as rim height and 
depth [e.g., 5,6]. Although the total number of exam-
ined craters vary from study to study, in all these 
works only limited number of impact craters were 
studied (<100). Because of the small number of total 
craters majority of which are affected by post-impact 
volcanism and tectonic deformation, analyzing the 
initial shape of craters is challenging [7]. Thus, numer-
ical modeling of impacts is an avenue that allows us to 
understand the morphology of fresh craters on Venus. 

In this study we simulate impacts of various sizes 
and determine the initial shape of Venusian craters. 
Doing so, we aim to place tighter constraints on the 
initial shape of Venusian craters. There are two main 
implications for this study: (1) Determining the shape 
of fresh impact craters enhances our understanding of 
geologic history of Venus by assessing post-impact 
volcanism or tectonic deformation. (2) The determina-
tion of the crustal profile of large craters and their ap-
plication in crater relaxation studies, also allows us to 
better understand the thermal history of Venus. 

Methodology: We use the iSALE code to model 
the formation of Venusian impact craters under a range 
of conditions typical for Venus. iSALE is a 
multimaterial finite difference shock-physics code used 

for simulating impact processes in geologic media and 
previously has been used to study large scale impact 
craters [8, 9, 10]. For completeness, we consider a 
range of thermal states, crustal thicknesses [11], impact 
speeds, impactor diameters (up to 100 km). We use the 
same approach as described by [12, 13, 14].  

The surface of Venus is relatively young (~150 
Myr) [15] and the current impact craters likely formed 
after the global resurfacing events where the atmos-
pheric temperature was elevated. As such, in our im-
pact model we consider the surface temperature of 
Venus to be 740 K. The simulation domain has two 
layers: a crust underlain by a mantle. The size of cells 
and projectiles varies based on the size of the impact 
crater. The numerical mesh is planar and because the 
simulated impact craters are <100 km, Venusian curva-
ture does not have a significant role in defining the 
final shape. Due to the cylindrical symmetry utilized 
by iSALE, we can only model vertical impacts. We use 
previous studies to determine thermal and structural 
properties of the crust and mantle such as density, 
gravitational acceleration, thermal gradient, and ther-
mal conductivity [11, 16-18]. After simulating the im-
pact, we extract the final topography at the surface and 
the crust-mantle boundary. The analysis of topography 
at the surface determines the shapes of craters such as 
depth and rim height. We will plot the depth versus 
diameter of various size craters, and compare it with 
existing geometric properties of Venusian impact cra-
ters. The concurrent analysis of our iSALE simulations 
and the previous depth-diameter investigations can 
place a tighter constrain on geometric properties of 
Venus impact craters. 

Results: We numerically model the cratering pro-
cess and the results of iSALE simulations would char-
acterize the surface and crust-mantle topography after 
the impact. Figure 1 demonstrates an example of crater 
forming process on the surface of Venus. As expected, 
in the first 10s of seconds after impact, the transient 
crater grows. The subsequent inward and upward col-
lapse of the transient crater leads to formation of a 
shallower and larger crater. Depending upon the size of 
the impact, within hours from the impact, the cratering 
process is complete and the crustal profile is settled 
(Fig 1a-c). We then obtain the final topography of the 
crater and analyze the shape of the crater. In the exam-
ple, the crustal thickness is 30 km (equal to the average 
global crustal thickness [16]), impactor size is 5 km, 
thermal gradient is 10 K/km, the impactor velocity is 
15 km/s (equal to most of impact models). The analy-
sis of the results demonstrates that the crater diameter 
and depth are ~60 and ~2 km, respectively (Fig. 2).  
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Discussion: To have a more complete picture of 
the geologic history of Venus, we need to know how it 
was resurfaced. Among all the geologic activities that 
affected the Venusian surface, volcanism played the 
most important role in global resurfacing [15, 4]. Ev-
ans et al. [19] analyzed lunar impact craters, deter-
mined the amount of infilling and analyzed the distri-
bution of maria on the lunar nearside. A similar ap-
proach for Venus can be done by examining dark floor 
craters that are directly affected by the volcanic infil-
ling. Analyzing the initial shape of dark floored craters 
versus their current shape helps constraining the resur-
facing record, in particular the volcanic infilling and its 
distribution.  

Previous studies have investigated the relaxation 
of large craters and constrained thermal history of 
planetary bodies such as Mars and the Moon [19, 20]. 
Determining the initial shape of large bright floored 
craters whose topography is not affected by volcanic 
infilling, followed by examining their relaxation state 
leads to constraining the background heat flux of Ve-
nus in several locations. 

Note: We have prepared this abstract as a current 
status and based on preliminary results. Most im-
portantly, our results demonstrate the direction in 
which the study should be developed. This study will 
continue and the results will be refined. 

Acknowledgment: We gratefully acknowledge 
the developers of iSALE-2D, including Gareth Collins, 
Kai Wünnemann, Dirk Elbeshausen, Tom Davison, 
Boris Ivanov and Jay Melosh. 

References: [1] Matsubara, Y., et al. (2018), JGR 
Planets. [2] Werner, S., and Tanaka K., (2011), Icarus, 
215(2),603-607. [3] Williams J., et al. (2017), 
doi:10.1111/maps.12924. [4] O’Rourke J., et al. (2014), 
GRL, 41, 8252–5260, doi:10.1002/2014GL062121. [5] 
Herrick R., and Rumpf M., (2011), JGR Planets, 116 
(E2). [6] Herrick R., and Sharpton V., (2000), JGR Plan-
ets, 105 (E8). [7] Fasette C., (2016), JGR:Planets, 
10.1002/2016JE005094 [8] Amsden, A., et al. (1980), Los 
Alamos National Laboratories Report. No. LA--8095. Los 
Alamos Scientific Lab. [9] Collins, G., et. al. (2004), Me-
teoritics and Planetary Science, 39.2 (2004): 217-231. 
[10] Wünnemann, K., et al. (2006), Icarus, 180.2 (2006): 
514-527. [11] James P., et al. (2013), JGR Planets, 118.4: 
859-875. [12] Ivanov B., et al. (2010), Geol. Soc. Am. 
Spec. Pap., 465, 29–49. [13] Potter R., et al. (2015), Geol. 
Soc. Am. Spec. Pap., 518, 99–113. [14] Melosh J., et al. 
(2013), Science: 1235768. [15] Smrekar S., et al. (2018), 
Space Science Reviews 214.5: 88. [16] Anderson S., and 
Smrekar S., (2006), JGR Planets 111.E8 [17] Hansen V., 
and Phillips R., (1998), Science, 279.5356 (1998): 1492-
1497. [18] Karimi S., and Dombard A., (2017), Icarus, 
 282 (2017): 34-39. [19] Karimi S., et al. (2016), Icarus. 
[20] Mohit S., and Phillips, R., (2006)., JGR, Planet, 
111(E12).  

 

a 

 
b 

 
c 

 
Figure 1a-c. The results of impact modeling at t=0, 30 
and 350 s.  

Figure 2. The extracted surface topography after the 
impact process settled (t=350 s). The analysis shows 
that the crater is ~60 km in diameter and 2 km deep. 
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