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- Description for impact simulation (Table S1 and S2) 

 

Impact simulation 

We conducted shock physics modeling to calculate the peak pressure and peak 
temperature distributions around an impact crater using the iSALE shock physics code 
(Amsden et al., 1980; Ivanov et al., 1997; Wünnemann et al., 2006). We employed 
cylindrical coordinates, and we assumed a vertical impact of a dunite projectile onto a 
basaltic crust. The material model pertaining to basalt is summarized in Table S1. The 
impact velocity was set to 6 km s-1, which corresponds to the minimum impact velocity 
onto Mars (Zahnle, 1993).  

Because our empirical relationship cannot evaluate the effects of lithostatic pressure and 
geotherm, zero pressure and uniform temperature in the basaltic crust were assumed to be 
the initial conditions, which correspond to the craters produced on a laboratory scale. 
Nevertheless, our simulation may provide a qualitative understanding of the magnetic 
anomaly profile above the magnetized crater immediately after impact. 

Since we needed to continue numerical integration until the end of a crater formation, 
the computational cost of this simulation is relatively high. To reduce the computational 
time, the spatial resolution was relatively low, and a relatively large value of gravitational 
acceleration was employed. The calculation settings are summarized in Table S2. 
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Table S1. Input parameters for the material models. Note that the parameter set pertaining 
to the dunite projectile and the basalt target are the same as used by Johnson et al. (2015) 
and Bowling et al. (2020), respectively. 
EOS type ANEOSa ANEOSa 
Material Duniteb Basaltc 
Strength model Rockd Rockd 
Poisson’s ratio 0.25 0.25 
Melting temperature (K) 1373 1360 
Thermal softening parameter 1.2 0.7 
Simon parameter, A (GPa) 1.52 4.5 
Simon parameter, C 4.05 3.0 
Cohesion (undamaged) (MPa), Ycoh,i 10 20 
Cohesion (damaged) (kPa), Ycoh 10 10 
Internal friction (undamaged), µint 1.2 1.4 
Internal friction (damaged), µdam 0.6 0.6 
Limiting strength (GPa), Ylimit 3.5 2.5 
Minimum failure strain 10–4 10–4 
Constant for the damage model 10–11 10–11 
Threshold pressure for  
the damage model (MPa) 

300 300 

aThompson and Lauson (1972), Thompson et al. (2019) 
bBenz et al. (1989) 
cPierazzo et al., (2005), Sato et al. (2021) 
dCollins et al. (2004) 
 
Table S2. Numerical model settings. 
Computational geometry Cylindrical coordinates 
Number of computational cells in the R direction 500 
Number of computational cells in the Z direction 500 
Number of cells for the extension zone in the R 
direction 

200 

Number of cells for the extension zone in the Z 
direction (top) 

100 

Number of cells for the extension zone in the Z 
direction (bottom) 

200 

Cells per projectile radius (CPPR)b 5 
Impact velocity (km s–1) 6 
Layer position 400 cells from the bottom of the 

computational domain 
Artificial viscosity, a1 0.24 
Artificial viscosity, a2 1.2 
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