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oy Background

Seismological methods played import roles in the study of
the Earth and Moon’s interior.

The InSight Spacecraft landed on Mars on November 26,
2018 and installed the first seismometer on Mars. It provides
the in situ observation of interior structure and seismic
activity of Mars for the first time.

Numerical modeling of seismic wave propagation in the
whole Mars models plays important roles in understanding
the generation and propagation of various seismic phases in
the Mars.

Numerical modeling helps to analyze the effects of lateral
heterogeneous crust and depth of core mantle boundary on
seismic wave propagation in Mars.
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Staggered grid configuration (Wang et al., 2013)
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iWmmﬁglobal P-SV and SH wave propagation
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Left: The whole Mars models (model A: solid line, model B: dashed line)
(Sohl and Spohn, 1997), Right: the whole Earth model (PREM)
(Dziewonski and Anderson, 1981)
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Synthetic displacement seismograms at Mars surface for a 60 km deep
Marsquake for model A. From left to right are the radial, vertical and
transverse component, respectively. Red curves show ray theoretical
travel time for various seismic phases.
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iWmmﬁglobal P-SV and SH wave propagation

t=480.0s t=720.0s t= 900 Os

Wavefield snapshots calculated at 8 time steps for P- and SV-wave propagation
in model A for a 60 km deep marsquake. Red and green show P- and SV-wave,
respectively.
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%M]%gjlobal P-SV and SH wave propagation

Global P- and SV-wave propagation in model A for a 60 km deep
marsquake. Red and green show P- and SV-wave, respectively.
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(@) .- Global P-SV and SH wave propagation

t=630.0s t=750.0s t=900.0s t=1350.0s

Wavefield snapshots calculated at 8 time steps for SH-wave propagation in
model A for a 60 km deep marsquake.
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%M]%gjlobal P-SV and SH wave propagation

Global SH-wave propagation in model A for a 60 km deep
marsquake.



N Jeg S

7 »),..= Slobal P-SV and SH wave propagation

3000 e 3000 -t
] 1 i1
2700 - 2700 - E |
] 1ilt
2400 - 2400 - [ ;
: 1
2100 2100 - ; {
— 1800 - — 1800 {115
Z [
© 1500 - 1500 || | ||
£ |
F 1200 - 1200 || |
900 - s00 ] |12
] . >:S{; "ﬁ ’
600 - HE L 600 [/ || == LU R ===
] [ |PeRA L [
300 A 300 {714 =
0 | =388 ' ' ' ' ' ' I I ' ' _ 0 ;§_| '| I ' ' | ' ' I ' I ' ' ! 0 | RESEEENERRE ' ' ' ' I |' I ' '
0 30 60 90 120 150 180 0 30 60 90 120 150 180 0 30 60 90 120 150 180
Epicentral Distance (deg) Epicentral Distance (deg) Epicentral Distance (deg)

Synthetic displacement seismograms at Mars surface for a 60 km deep
Marsquake for model B. From left to right are the radial, vertical and
transverse component, respectively. Red curves show ray theoretical
travel time for various seismic phases.
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t=120.0s t=180.0s t=270.0s t=330.0s

t=360.0s t=660.0s t=900.0s t=1080.0s

Wavefield snapshots calculated at 8 time steps for P- and SV-wave propagation
in model B for a 60 km deep marsquake. Red and green show P- and SV-wave,
respectively.
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Global P-SV and SH wave propagation

Global P- and SV-wave propagation in model B for a 60 km deep
marsquake. Red and green show P- and SV-wave, respectively.
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Qlobal P SV and SH wave propagation

Comparison of synthetic
seismograms between
models A and B. From top to
bottom are radial, vertical
and transverse component,
respectively. Black and red
waveforms show results for
model A and B, respectively.
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Global distribution of Martin crust thickness (Wieczorek and Zuber,
2004) and three profiles used in the modeling.
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Global P- and SV-wave
(top) and SH-wave
(bottom) propagation
iIn 2D model crust3
including InSight
landing site for a 50 km
deep marsquake. Red
and green show P-,
SV- and SH-wave,
respectively.
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We modeled global P-SV and SH wave propagation in the whole Mars model
with staggered grid PSM/FDM hybrid method.

Modeling for two global models (Sohl and Spohn, 1997) show that multiple
reflections and conversions of seismic waves and their constructive
Interference occurred inside the low-velocity Martian crust form reverberating
wave trains. Thickness of Martian crust significantly affect the propagation of
multiple surface reflections and surface waves.

Global wave propagation modeling show that seismic reflections from core-
mantle boundary can be clearly identified from the calculated transverse
component seismogram.

Based on Martian crustal thickness model (Wieczorek and Zuber, 2004), we
simulate seismic wave propagation in laterally heterogeneous Martian crust
and analyze its influence on global seismic wave propagation. Lateral
variation of Martian crustal thickness has strong effect on the propagation of
multiple surface reflections and surface waves.
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