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Numerical simulation of Yilan crater formation process
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Abstract: The formation process of the Yilan crater was numerically studied based on the iSALE-2D simulation code. The
Euler algorithm was used to carry out the numerical simulation, and eight groups of working conditions were simulated.
According to the scaling law, it was determined that the projectile diameter range was 90 to 120 m, and the projectile velocity
was 12 and 15 km/s. Simulation results under the corresponding working conditions within 150 s of impact were obtained,
including the crater diameter, depth, and crater profile curve. The optimal impact conditions of the Yilan crater were studied,
and the formation and distribution of the molten layer during the cratering process were statistically analyzed. Combined with
the point source cratering similarity law model, the relationship of cratering radius under the strength mechanism was obtained
by fitting. The research results show that, according to the comparison between the simulated data and actual exploration data,
a granite asteroid with a diameter of 120 m and an impact velocity of 12 km/s vertically hits the surface, forming a crater with a
shape similar to the Yilan crater. The crater has a final diameter of 1 840 m and a crater edge depth of 263 m, which is in good
agreement with the exploration data of the Yilan crater. Three stages of crater formation were reproduced: contact and
compression, excavation, and modification. The distribution of the impact melting layer of the target plate material during the
crater formation under the simulated conditions were revealed. The material melted completely when the peak pressure exceeds
56 GPa during the impact process, and this process was completed within 20 ms. Most melts was distributed at the bottom of

the crater in layers and stacks, and a small amount of melts was deposited discretely on the surface of the target plate. The mass
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of the completely melted material is about 24 times the projectile mass. The relative error between the simulation results and
the fitted crater radius relational results under the conditions with 120 m diameter and 12 km/s impact velocity is 10.3%.
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Fig. 3 Gravity-initialized lithostatic pressure and density of target
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Fig. 4 Material and temperature distributions in three stages of crater formation induced
by the impact of a 120-m-diameter granitic asteroid with the velocity of 12 km/s
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Fig. 5 Time histories of the radius and depth of the crater induced by the impact of a 120-m-diameter granite asteroid

with the velocity of 12 km/s
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5 & it

K FH iSALE-2D 5 FLARHH XK 22 Bt A3 5T A4 T8 B S 0 At B R A T AL . AN [ 48 o £ 0 T 1 i R
st A R A AT R A AR HEAT T GE T T . BRI SR S K 2 B SR 2 R o B, AR 24 B
AR T RER R AR R 120 m AYERIRAE 59 5 /IMT 2 L 12 km/s (93 I8 7 R TE 801, T — A~ e &
ELAE 1840 m, HLZBTIR K 263 m Y fAj B4

KPR HAE AL 25 5 50 BT AR 22 B e sh A et B, 45 Hh 4 o e R v 58 5 A i 4 RH G 43 A A,
HEZESMAEBAYUR, 2HERS0, DB BB AR ERE . ST B ERLTA 7 7= A ka4
R R 2K 5.64%10'° kg, 24 Ay faE A TR 1Y 24 1%

FEARSCI DR FEE B P, P s VBT AE RL A TR 43 7 45 1R SR B AL A =2 A B % e AR i e it
PR R, e = 0.943 7701702257, B T80 7 THAE ST HAR S R 55T ARG O RN R X 1R 2 10.3%.

*+ Collins G. Wiinnemann K. Elbeshausen D % iSALE-2D #97F X%, VARG E T A
pySALEPIlot 497 & # Davison T % i % &,

B & Hk:

[1] RUMPF C M, LEWIS H G, ATKINSON P M. Asteroid impact effects and their immediate hazards for human populations [J].
Geophysical Research Letters, 2017, 44(8): 3433-3440. DOI: 10.1002/2017GL073191.

(2] XUSCIE, SR B, ShIRfr, S, 3 /N AR b o DU B 57 F R [J]. B JE 5 0bif, 2021, 41(12): 121404. DOI: 10.
11883/bzycj-2021-0255.
LIU W J, ZHANG Q M, MA X H, et al. A review of the models of near-Earth object impact cratering on Earth [J]. Explosion
and Shock Waves, 2021, 41(12): 121404. DOI: 10.11883/bzycj-2021-0255.

[3] SAITO T, KAIHO K, ABE A, et al. Numerical simulations of hypervelocity impact of asteroid/comet on the Earth [J].
International Journal of Impact Engineering, 2006, 33(1): 713—722. DOI: 10.1016/j.ijimpeng.2006.09.012.

[4]  IVANOV B. Cratering [J]. Planetary Science, 2020. DOIL: 10.1093/acrefore/9780190647926.013.7.

[5] IVANOV B A. Numerical modeling of the largest terrestrial meteorite craters [J]. Solar System Research, 2005, 39(5):
381-409. DOI: 10.1007/s11208-005-0051-0.

[6] HALIM S H, BARRETT N, BOAZMAN S J, et al. Numerical modeling of the formation of Shackleton crater at the lunar
south pole [J]. Icarus, 2021, 354: 113992. DOIL: 10.1016/j.icarus.2020.113992.

033303-10


http://dx.doi.org/10.1002/2017GL073191
http://dx.doi.org/10.11883/bzycj-2021-0255
http://dx.doi.org/10.11883/bzycj-2021-0255
http://dx.doi.org/10.11883/bzycj-2021-0255
http://dx.doi.org/10.1016/j.ijimpeng.2006.09.012
http://dx.doi.org/10.1007/s11208-005-0051-0
http://dx.doi.org/10.1016/j.icarus.2020.113992
http://dx.doi.org/10.1002/2017GL073191
http://dx.doi.org/10.11883/bzycj-2021-0255
http://dx.doi.org/10.11883/bzycj-2021-0255
http://dx.doi.org/10.11883/bzycj-2021-0255
http://dx.doi.org/10.1016/j.ijimpeng.2006.09.012
http://dx.doi.org/10.1007/s11208-005-0051-0
http://dx.doi.org/10.1016/j.icarus.2020.113992

5 43 & AEARRE, 55 M2 B SR i BB E TR %3

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

YUE Z Y, DI K C. Hydrocode simulation of the impact melt layer distribution underneath Xiuyan Crater, China [J]. Journal of
Earth Science, 2017, 28(1): 180-186. DOI: 10.1007/s12583-017-0741-9.

WRng, et 0 A, S5 AR Z BA BT IR E AR A8 R BT A [J]. BReEiE i, 2020, 65(10): 948-954. DOL:
10.1360/TB-2019-0704.

CHEN M, XIE X D, XIAO W S, et al. Yilan crater, a newly identified impact structure in northeast China [J]. Chinese Science
Bulletin, 2020, 65(10): 948-954. DOI: 10.1360/TB-2019-0704.

CHEN M, KOEBERL C, TAN D Y, et al. Yilan crater, China: Evidence for an origin by meteorite impact [J]. Meteoritics and
Planetary Science, 2021, 56(7): 1274-1292. DOI: 10.1111/maps.13711.

AMSDEN A A, RUPPEL H M, HIRT C W. SALE: a simplified ALE computer program for fluid flow at all speeds [R].
Livermore, USA: Lawrence Livermore National Laboratory, 1980. DOI: 10.2172/5176006.

RADUCAN S D, DAVISON T M, COLLINS G S. Morphological diversity of impact craters on asteroid (16) psyche: insight
from numerical models [J]. Journal of Geophysical Research: Planets, 2020, 125(9): €2020JE006466. DOI: 10.1029/2020JE
006466.

ZHU M H, ARTEMIEVA N, MORBIDELLI A, et al. Reconstructing the late-accretion history of the Moon [J]. Nature, 2019,
571(7764): 226-229. DOI: 10.1038/s41586-019-1359-0.

DAVISON T M, COLLINS G S, ELBESHAUSEN D, et al. Numerical modeling of oblique hypervelocity impacts on strong
ductile targets [J]. Meteoritics and Planetary Science, 2011, 46(10): 1510-1524. DOI: 10.1111/j.1945-5100.2011.01246.x.
COLLINS G S, MELOSH H J, MARCUS R A. Earth impact effects program: a web-based computer program for calculating
the regional environmental consequences of a meteoroid impact on Earth [J]. Meteoritics & planetary science, 2005, 40(6):
817-840. DOI: 10.1111/.1945-5100.2005.tb00157 .x.

MELOSH H J. A hydrocode equation of state for SiO, [J]. Meteoritics & planetary science, 2007, 42(12): 2079-2098. DOI:
10.1111/5.1945-5100.2007.tb01009.x.

PIERAZZO E, VICKERY A M, MELOSH H J. A reevaluation of impact melt production [J]. Icarus, 1997, 127(2): 408—423.
DOI: 10.1006/icar.1997.5713.

COLLINS G S, MELOSH H J, IVANOV B A. Modeling damage and deformation in impact simulations [J]. Meteoritics and
Planetary Science, 2004, 39(2): 217-231. DOI: 10.1111/j.1945-5100.2004.tb00337 .x.

27 K B RE A R BRI S HIE AL A BB SE [D]. b st s ERERE R, 2016.

LI L. Remote sensing observations and numerical simulation for the formation mechanism of Martian rampart craters [D].
Beijing, China: University of Chinese Academy of Sciences, 2016.

IVANOV B A, DENIEM D, NEUKUM G. Implementation of dynamic strength models into 2D hydrocodes: Applications for
atmospheric breakup and impact cratering [J]. International Journal of Impact Engineering, 1997, 20(1): 411-430. DOI:
10.1016/S0734-743X(97)87511-2.

OHNAKA M. A shear failure strength law of rock in the brittle-plastic transition regime [J]. Geophysical Research Letters,
1995, 22(1): 25-28. DOI: 10.1029/94GL02791.

HOLSAPPLE K A, SCHMIDT R M. Point source solutions and coupling parameters in cratering mechanics [J]. Journal of
Geophysical Research:Solid Earth, 1987, 92(B7): 6350-6376. DOI: 10.1029/J1B092iB07p06350.

NAKAMURA A M, YAMANE F, OKAMOTO T, et al. Size dependence of the disruption threshold: laboratory examination
of millimeter-centimeter porous targets [J]. Planetary and Space Science, 2015, 107: 45-52. DOI: 10.1016/j.pss.2014.07.011.
HOUSEN K R, HOLSAPPLE K A. Ejecta from impact craters [J]. Icarus, 2011, 211(1): 856-875. DOI: 10.1016/j.icarus.2010.
09.017.

FTH%E kA =F)

033303-11


http://dx.doi.org/10.1007/s12583-017-0741-9
http://dx.doi.org/10.1007/s12583-017-0741-9
http://dx.doi.org/10.1360/TB-2019-0704
http://dx.doi.org/10.1360/TB-2019-0704
http://dx.doi.org/10.1360/TB-2019-0704
http://dx.doi.org/10.1111/maps.13711
http://dx.doi.org/10.1111/maps.13711
http://dx.doi.org/10.1029/2020JE006466
http://dx.doi.org/10.1038/s41586-019-1359-0
http://dx.doi.org/10.1111/j.1945-5100.2011.01246.x
http://dx.doi.org/10.1111/j.1945-5100.2005.tb00157.x
http://dx.doi.org/10.1111/j.1945-5100.2007.tb01009.x
http://dx.doi.org/10.1006/icar.1997.5713
http://dx.doi.org/10.1111/j.1945-5100.2004.tb00337.x
http://dx.doi.org/10.1111/j.1945-5100.2004.tb00337.x
http://dx.doi.org/10.1016/S0734-743X(97)87511-2
http://dx.doi.org/10.1029/94GL02791
http://dx.doi.org/10.1029/JB092iB07p06350
http://dx.doi.org/10.1029/JB092iB07p06350
http://dx.doi.org/10.1016/j.pss.2014.07.011
http://dx.doi.org/10.1016/j.icarus.2010.09.017
http://dx.doi.org/10.1007/s12583-017-0741-9
http://dx.doi.org/10.1007/s12583-017-0741-9
http://dx.doi.org/10.1360/TB-2019-0704
http://dx.doi.org/10.1360/TB-2019-0704
http://dx.doi.org/10.1360/TB-2019-0704
http://dx.doi.org/10.1111/maps.13711
http://dx.doi.org/10.1111/maps.13711
http://dx.doi.org/10.1029/2020JE006466
http://dx.doi.org/10.1038/s41586-019-1359-0
http://dx.doi.org/10.1111/j.1945-5100.2011.01246.x
http://dx.doi.org/10.1111/j.1945-5100.2005.tb00157.x
http://dx.doi.org/10.1111/j.1945-5100.2007.tb01009.x
http://dx.doi.org/10.1006/icar.1997.5713
http://dx.doi.org/10.1111/j.1945-5100.2004.tb00337.x
http://dx.doi.org/10.1111/j.1945-5100.2004.tb00337.x
http://dx.doi.org/10.1016/S0734-743X(97)87511-2
http://dx.doi.org/10.1029/94GL02791
http://dx.doi.org/10.1029/JB092iB07p06350
http://dx.doi.org/10.1029/JB092iB07p06350
http://dx.doi.org/10.1016/j.pss.2014.07.011
http://dx.doi.org/10.1016/j.icarus.2010.09.017

	1 依兰陨石坑
	2 形成过程
	2.1 数值模型
	2.2 重力初始化
	2.3 材料模型及参数
	2.4 成坑过程分析

	3 陨石坑熔化层分布
	3.1 熔化判据
	3.2 熔化层分布规律

	4 成坑模型
	4.1 最终陨石坑形态
	4.2 点源成坑相似律模型

	5 结　论
	参考文献

