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Abstract
wave equations for two Martian structure models derived from geochemical analysis. The numerical modeling is

The pseudospectral and finite difference hybrid method on staggered grid is applied to solve seismic

used to calculate P-SV and SH wave propagation inside 2-D whole Mars models. The generation and propagation
of various seismic phases in the whole Mars models are shown by synthetic seismograms and wavefield snapshots.
Effect of Martian crustal thickness and the depth of Martian core-mantle boundary on seismic wave propagation is
analyzed with synthetic seismograms. Multiple reflections and conversions of seismic waves and their constructive
interference inside the low-velocity Martian crust form reverberating wave trains, which are strongly affected by
the thickness of Martian crust. Seismic reflections from core-mantle boundary can be clearly identified from the
calculated transverse component seismogram.

Key words whole Mars model; seismic wave propagation; numerical modeling; pseudospectral and finite

difference hybrid method

KRR OR A & v 5 MR B 2 AR i 2 b A 7
B o WK RN RGN B A, XA IRk R
BB B A A, A58 sk T% 2 K FH & B9 B0
Ak 7 AR LA AR R A R S, PR I A
SRy TR 1) H 2B 5 PR A

M= U oA MR, o) R T R, B R
B FERE T, M DA A MR R W AT B N R A
AR MR T 78 M BR P ER S A i 9 vh

E &K AR P 2E 34 (41930103) % B
Y B #: 2019-05-16; &1 H H#: 2019-10-13

AW R AEM . #6355 E Bk 2 5 A 4
], MUK B 7E HER R E A B 4 65 HEAL, gk T K
T R . 38 X SR Y A b, RO T OH EK
(14 P9 BB 45 R R AR

KR AR 2E BRI ST AR T 1976 4F 36 [ 1 1 3T
R, ARG AN I A R LT . s 1S A Rl T
1976 47 H 20 H R AE K B I, (B2 E R4 Bk
RALTCIE ML, WA R R R M, 2 55 b

629



R RFEM(ARBIFAR) £ 56 4l 202047 H

T 19764 9 A 3 HE Rk 2 R SEIRFa, &
Rili 2% b MR AGE S TAE 19 A, (HBRAESS 80 4~
KB H LS B — AT REM KR R FARAE, A HA
REP AL R, BAC R K EGE, Fit
ANGEHERR AU R 1 T4 o A I i 21 At = 7 1 D
PRI T R 2 b AT S 2 AR JBE 8 AT 9 2 v R B A
SR AT BB B A A0 7 B BOH X KU 7
o R,

Bt A o e 5 | AT AL N TR AR AL R ) 5 — M
FERWE o A6 BT I 3R 1969—1977 45 4F H Bk 1 8
ENLM 44> B uILE] 13000 24> H 2, H
AL 5 2 1800 2B A ik . fE A BR L, B
A HAEEEA BRRmIF A A EES, BTz K
A2, PASGE i 2 A A AT LA I B i A A4
i HAZ, KEMRSZaeAEH A b B 1k B A
i, Bk k2R AT 10 kg VAR BiA 50U A
H RN R 2B BRI 10%, P kO bR )
B Ji o (B AR AP

X KORAZ A AIFSE B R 3 B 2k 5 U
7. Yoder 258158 i3 kB A BRIE I E 5 (Mars Global
Surveyor) [ Jo 4k HLBRER 4B, AR K B RIASI T
BN AR T 8 R B ky o WLEEAT B ko {H M 0.153+
0.017, HERR T KRR R BRI AT RetE, 2/ 4h
BoEwiik. ZJ5, BR8N GRT 2001 45k 2 BAESES
(Mars Odyssey) . 2003 4FE AL i 5 &k 2 18 iF 4% (Mars
Exploration Rover Opportunity)F1 2005 4 Jk 5 i il
Bl AT 8RRl (Mars Reconnaissance Orbiter) % [F]
1 IR ER R 2T — R AT, BE ko R 0.169+
0.006" "1,

Sohl 451 H R PS5 AL (1 SRR, AT
TE T A 071 A RO PALAS B 25 1F T HEAT R R, 15
FIFE . WK By R ARG B AR )
AT, IR ARAG K BRI 43 2 0 R KR R P 4
Fa o AR TRY 43 J51) S i A b K A 3 249 o (AR A5
FHIA B K AT RE(E) MBS AL A DL e 5ok B KA
SNC B £ fry 3R A2 2 o — B AL B

20184F 11 H 26 H, {585 Kk 2 1 Bk Wy BRI
A PR TETESR ARV BT, O A KR R TR b R 5
55 1 %% (Seismic Experiment for Internal Structure,
SEIS), M T#F58 K B 4514 . b 22 A% iy < ] 30
=Bt A ASCRD =t e R A B, 7 5 0.01~50
Hz SR [ . 5155 MR A H, SETS Al sk
BRI PG RT . 51— 5 SR R ) &

630

Fb R, MRS e LB T B A R R
3 2o 7R 0 B A B XU B e, e 32 TR AR
A . T I A KR FNIR, T SEIS A
AR ARG I ) L R AE B 400 LAY . HEREZR T3
ek BRI, 201944 H 23 H, REERZNE
W57 H 0> (Centre National d’Etudes Spatiales, CNES)
A 55 ERAE KR BRI B A& T 2019 4 4
He HE KBS Hl, BeERIEmrssizk
EREMESE, DA REG B, fEiRE Sk
S} 2Z 0, EE X AT BRI 2 1 kR R EE, AR A
MRS VT I TR S 9E, ok R R 13 Bl vk
KRR, BRI . KRBT E
85, IR SRS BT 5 R I A R ok R R O S0 1
ST BERE T SRR,

b R D B AU 52 7 1 7R e v B R
FIVER, A BT B A 2 2% b 5 I 0 A% 3 o AR AN i
b 7% U8 I K . Furumura 25 P (i B O3 vk 5
A BRI RLE A, W 1999 4F & 15 S AE b FR AT =
Y 7 7 M TS B A B . Al e ST i
B Dbk S A BROCR AR A O i, X sh
FEIEAT R AR . BRI B e O 3 vk 5 d By
KR4 PR 220 O ik R A 7 i, 6T B ik
KERE®D . NTEINAE D MRS, & FE DU BhoRs B A PR 22
G35 ERT N T B i B A b B, R 4k
R AT S D 5 W BB A T e 0y 2 Y
BB R AN BT B = 4R R A A0 T R DAL 1
BRI, e ARG B RCR A DL, R
ST = AE TR A MR R 1 AT AL . Wang
SRR Tiang S5 POV FHAZ 4 I A 1l FL I Oh i vk S A
B 22 005 TR A O R i stk sh J1 2407 12, 0 s
AT 4 ) BRAS R P-SV i FI SH % A 15 4% .

AR SN Y 4 A Hp kR RR AL R EAT AR
ARl X C A WEE KRG R, Bk 2
R PR I G M R R R P R, TR KRR
J3E R 5 0 L B X KL R I AL AR I B, AT M A
TR A T B BRI B2 AR B H L Bk B R A
B R AN AR A%

1 ETXEMEHERHHESHR
EFREHEMENERE
KT 4 16 Ak BB T, FEREARFR R, 0, 2)

T, Bz m LA A E RN, TE(r, 0) 1
N, DL I S I 203 7R 1) P-SV I A SH i Y —



AR A A B PR AR AR R IR AT B BCIEL R DL AT 5

AP sh I FE N
6\/ _10 180‘ Oy
+/7.
al’ ar( rr f;“
ov, 10 180'93
p—L=—— - + £, 1
Pot "o o) o0 Jo O
aV — ao—zr +l(6o-zt9 )+f
6t or r\ 06
X 4% ] [l PR B s A B, HARK e RN
oo, /1(8\/9 j
—+v, |
ot r\ 00
9w :l%{l”uj(%”],
Ot or r 00
90, _ avg My M ov, |, )
Ot 8r r\ 06
oo, 6v
ot ar
00 _ HOV.
o r o6’
/ﬁ\tP Vi Vo A v, A3 S R IR ) AR 1] R ) () R

p FIN UL, £, fo MU L o0 T[] | A% i) Al
Jﬁﬂmﬁ’lﬁiﬁﬁ‘%, Orrs Ors Oy 0= M 029 45 L ) 5K A
B3, A FT w0 R ARE R

A A I A R A0 B 1R 7S 1 38 A A
JNF 7RI BE 43 a2 AN R B Ak, D A
AP TR 242 T Il SR FH 56 ) B D A B Ak, XoF
TR [ 0y 2R, B ) XA A AR 2 A (A Y
1) PO s P 1) 8 I O 32 %) 388 A 28 s/ o ke
FE T3S 4 S 1A PR 22 43 5 L P S R
B, XS BRI TR A

my, @V, Ad, 00,0,

FERS 1) b, 308 A PR 5 0 B3 A ) AR o X
QMWEﬁm.
d ) 1 Ak 11AI;A6'
ng{(]iEjAa} 2ﬁ§: i(IAk)e -
F(IAk)eIZ;Z/ , (3)
Hdr, j=1, 2, ..., N-1, fGAO)FE/RTE 6 )5 1] | B HL

23 () AR 4, F(IAK)ZR 7~ FHAH I A itz 503k 1 e L o A
e, N RN A [B) L AS T S, A0 FIAK 53l 3
FNAE 0 77 1) b I ERCI 1 B I

bR m b, A AR R AmAr)R r 00 5 48
FHT S48 IO A 11 10 A A R 2 e = 4

if(mAr) =——

dr 2
f[[m+ler}—me—ler}
9 2 2
g Ar
TEASETRY DX gk A L Ak HHR A 30 5 4 A,
i R AR AT ) ) H IR, A EB%%
T I ABERL o o TR v XK, >R Cerjan
SOV A BR AT 20 A4 DR A5 01 <2 i DX 1 I A
FAM . Q)P IR IR A J1 R ] Wang 55503145
(1 AT AR B Y 2 U 3

o (4

5 @0,6)=-M, (t)liﬁ(r —1,)5(0-6,)—

a(f) 5(V %) 95(9—90), (5a)

(b) SH

| CEEARRRGET SN P-SV R SH IR 1R 4 B B a0 2

Fig. 1 Discretization of stress and velocity components for the 2D global model on staggered grids
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Fig. 3 Synthetic displacement seismograms at Mars’ surface for Model A
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