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Introduction: Important geophysical constraints
on the bulk composition and interior structure of Mars
are provided by the knowledge of its mean density �

and polar moment-of-inertia (MoI) factor C/MRp
2.

Whereas the former can be calculated from the plan-
et's mass M and radius Rp and has been known rela-
tively well for a long time, the polar moment of inertia
C has been derived only recently from a combined
analysis of Mars Global Surveyor tracking and Mars
Pathfinder and Viking Lander range and Doppler data
[1]. A re-analyis of the data resulted in the most recent
value of C/MRp

2 = 0.3650 � 0.0012 [1], a significantly
lower value than the most often used value of C/MRp

2

= 0.3662 � 0.0017 [2]. The improved value is consis-
tent with the model of a hydrostatic planet with non-
hydrostatic contributions to the MoI factor entirely re-
lated to the axisymmetric distribution of topographics
loads about Tharsis [3].

Most recent Martian interior structure models fre-
quently use the polar MoI C as a constraint although
the mean moment of inertia, I, should be used for con-
structing spherically symmetric models. The corre-
sponding MoI factors are related to each other by [e.g.
4] I/MRp

2 = C/MRp
2 - 2/3 J2, where J2 = - C20 is the

planet's gravitational oblateness. Using the improved
value of C/MRp

2 and accounting for minor contribu-
tions due to Tharsis of the order of 8/3 J22, we find a
mean MoI factor of I/MRp

2 = 0.3635 � 0.0012 [5]. That
value suggests a stronger concentration of mass to-
ward the center than previously thought with conse-
quences for the planet's bulk chemistry and interior
structure, possibly a denser  or a larger core.

 
Model: Models of planetary interiors suffer from

an inherent non-uniqueness since there are usually
fewer constraints than unknowns. If the planet's mean
density � and mean MoI factor I/MRp

2 are used as con-
straints then even two-layer structural models have
more unknowns, the core density �

c; the core radius
Rc; and the mantle density �

m. However, as illustrated
in Fig. 1, a precise knowledge of the MoI factor
strongly constrains the core density for �

m < � and �
c

~ � (e.g., Mercury), and the mantle density if �
m ~ �

and �
c > � (e.g., the Moon). Even for Mars, however,

�
m is not much affected if �

c is varied within reason-
able limits. In the following, we additionally account
for a basaltic crust of constant density (2900 kg m-3)
but variable thickness. It is assumed that the chemical

composition of the Shergotty meteorites is representa-
tive of the entire crust and that the mantle composition
can be derived from the SNC meteorites [6]. It is fur-
ther assumed that the core is made of the two compo-
nents Fe and FeS with core densities ranging between
those of both end-members. We calculate key chemi-
cal parameters, such as the Mg/Si ratio and the molar
magnesium number Mg# for the Martian crust and
mantle along with the bulk-planet iron-to-silicon ratio
Fe/Si as functions of core density and crust thickness
for models with amean MoI factor of I/MRp

2 = 0.3635
� 0.0012 and consider the effects of the error bounds.
We also compare our results to those of previous mod-
els.

Fig. 1: Contours of MoI factor for two-layered struc-

tural models as a function of the ratio of core and mantle

density � c  and � m, respectively, to mean density � .

Results and Discussion: The new lower value of
the MoI factor of Mars suggests several tens of kilo-
meters larger core radii if other parameters like core
density, crust density, and crust thickness remain un-
changed. Mass balance constraints require that the
core density decreases with increasing crust thickness
for cores of agiven size (Fig. 2). This is becausedense
mantle material will be replaced by less dense crust
material. The rate of change (absolute value) of the
core density with crust thickness decreases with de-
creasing MoI factor (compare panels in Fig. 2). The
increase in core size significantly affects the bulk
planet Fe/Si ratio which is found to be larger by typi-
cally about 10%. The Martian core is sufficiently
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large such that even small changes in core size result
in significant changes of core volume. Since the core
contributes most of the iron, a significant change in
core volume results in a significant modification of the
bulk planet Fe/Si ratio (compare panels in Fig. 3). In
contrast, the Mg/Si ratio and the molar Mg# of the
planet's silicate portion are mostly determined by the
density and thickness of the crust because of the com-
positional differences between crust and mantle and
change little with the MoI value in the range consid-
ered. The new MoI factor also results in mantle densi-
ties that are up to a few 100 kg m-3 smaller, thereby
suggesting a smaller Fe content of the mantle. This
makes the Martian mantle more earth-like than previ-
ously thought.

Fig. 2: Comparison of contours of core radius relative

to the surface radius Rc/Rp as a function of crust thickness

and core density for MoI factors of 0.3635 (above) and

0.3662 (below).

Fig. 3: Comparison of contours of bulk planet Fe/Si

ratio as a function of crust thickness and core density for

MoI factors of 0.3635 (above) and 0.3662 (below).
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