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Table 1. Values of the parameters used in calculation.
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7605

0.3637801121 (JGMRO120f), 0.3637797586 (GMM3-120)

029601-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 72, No. 2 (2023)

029601

KR ZEAF ) (ms-a ) GBS CFELE
TR & 14
= 3v5 n§ MR?
2 w C
Hp e FR KRNI RROZE, e = 0.093410);
e RN KA AP w RN KR A
5 ng R KRN TG M s BE . AH DG B 1) BUE
BAK N ny = 191.408 (°)/a, € = 25.18938228°, w =
350.8919825 (°)/d B33, o, FRMIMHERLNL 51 AMY
KA B 2 R0E, o TR HAbATE (IAR) K
KRR R Z M0, BUE N ¥ = 6.75 ms/a,
Yp = —0.77 ms/al2. i1t (3) TR H k2 B G
iRE S )
c
MR2

(1 —e*) ™15 Co cos e +thg+10p, (3)

11[)*1/)g*7/.}p

(1—e2)""°Cy cose

B 3v/5 n?

2w
S (2) SR (4) 38, AT LR AN ) 2 F1 SRR A
SRR T (R 1).

3 KEWNHMEESEMEGEH T2

Stahler 45 M F H 58T 9 InSight k52 FE 4L
i, e KR WS IMZ Y R/ A 1830 km, %
5T — 20 R W] K B ANAEEA 3 % B4 T
J M. Knapmeyer-Endrun 45 2% #] ] InSight %%
W, KK BSEAETE 2 )28 3 JA45H, IR EETE
24—72 km Z[8]. BFFER WM HIBERE N 5 F1°F- 2
LR NALGET , WG X KRR EEA
O 1224 BOSCRR [15) 14 kR 52 E R 50 km
VER BT E A, A K R N EREZ 45 an &l 1 .

] 1 BRI B B AN 1 oq, DUBEHYSF-
PPAAE R R TN Tmoa/ (MR?). tH P 1 A4 %
BB proq FIPTSIMER R Tnoa/ (M R?)
il

Tm

Pmod =Pe + (pm — pe) (5)3 + (peo — pm) <7)3

(4)

+ (i) (29 .

5Imod,

M1 kENTERS

Fig. 1. Sketch of Martian internal structure with various
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Table 2. Fixed and free parameters of the Martian
inner structure.
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Fig. 2. Parameters estimated from the calculated Martian mass, mean moment of inertia factor and gravitation coefficient of degree

2 of the gravity field model JGMRO120f.
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Fig. 3. Parameters estimated from the calculated Martian mass, mean moment of inertia factor and gravitation coefficient of degree

2 of the gravity field model GMM3-120.
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Table 3.

objective function f.

Sensitivity of various parameters S to the

RS JGMRO120f GMM3-120
5(f, per) ~11.1404 ~11.1404
S(f, 1) ~2.6496 ~2.6496
S(f; ) 305.8501 305.8642
S(f, Peo) ~96.8772 ~96.8782
S(f, pe) ~14.7235 ~14.7245
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Constraining the size and density composition of the Martian
core by using second-order potential coefficient and recent
precession rate of gravity field model’
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Abstract

It is still difficult to detect the existence of Martian solid inner core merely based on Mars seismic InSight
data. To deal with this problem, our study intends to use the mean density and mean moment of inertia factor
to constrain the size and density of Martian solid inner core. Using the Mars high-degree gravity field models:
JGMRO120f and GMM3-120, and considering the recent precession rate, we obtain the mean density and mean
moment of inertia factor, which are treated as the observed values. Referring to the 4-layers internal structure
model of Mars, and considering the 4 parameters, i.e. crustal density, mantle density, density of outer core, size
and density of inner core, we calculate the modeled values of the Martian mean density and the mean moment
of inertia factor. From the minimum residuals between observed and modeled values of mean density as well as
that of mean moment of inertia factor, it is found that the two gravity field models have the same result of
distribution of free parameters. As to the optimized values of the free parameters, the two gravity field models
even have the same results. Furthermore, the optimized crustal density, mantel density and density of outer
core approach other studies, indicating the dependence of our results. Finally, our result demonstrates that
Mars likely has a solid inner core with a size close to 840 km, and the density of inner core is nearly 6950 kg-m 3.
Our result implies that Mars has an inner core not fully composed of pure iron, which is consistent with the
recent study that Mars requires a substantial complement of light elements in Martian core. However, it is
further needed to constrain the size and composition of Martian inner core due to the non-uniqueness of
inversion results. With the improvement of processing technology on the InSight data, it can be further

constrained for the size and composition of Martian inner core.

Keywords: InSight, precession rate, mean moment of inertia factor, size of Martian inner core, density of

Martian inner core
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