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Introduction: A persistent issue in our under-
standing of the formation of the terrestrial planets has
been the enigmatically large bulk density of Mercury of
5430 kg m? [e.g., 1]. A bulk density this large implies
that the mass fraction of iron in Mercury’s interior is
considerably greater than in the other terrestrial pla-
nets. Data available to date have not permitted the
opportunity to robustly estimate Mercury’s internal
structure. However, much recent work has focused on
understanding how measurements to be made by
MESSENGER and BepiColombo will constrain know-
ledge of Mercury’s interior [2-4].

Recent Earth-based radar observations have deter-
mined Mercury’s obliquity and forced libration ampli-
tude, resulting in the conclusion that Mercury’s core is
likely at least partially molten at present [5]. However,
this result alone does not provide a significant con-
straint on the interior structure of the planet [2-4]. In
order to improve constraints on Mercury’s radially
varying density structure, knowledge of the planet’s
moment of inertia, in addition to its mass and radius, is
generally required. Fortunately, due to the molten state
of the core, measurement of Mercury’s 88-day forced
libration, obliquity, and the second-degree gravitational
field harmonics C, and C,, permits determination of
the normalized polar moment of inertia, C/MR? and the
ratio of the polar moment of inertia of the mantle plus
crust to that of the planet, C,,,/C [6].

Since January 2008, the MESSENGER spacecraft
has executed a series of three flybys of Mercury. Each
of these flybys, with approximately equatorial trajecto-
ries, has provided the opportunity to determine Mer-
cury’s low-order gravity field, especially the product of
the planet’s mass and the gravitational constant, GM,
and Cy and Cy, [7]. Whereas the uncertainty in the
degree-two gravitational harmonics provided by data
from the flybys is greater than that expected from the
upcoming orbital phase of the MESSENGER mission
[7], the relative improvement over Mariner 10 results
[8] permits a preliminary estimate of the internal densi-
ty structure of Mercury’s interior.

Approach: Our approach to modeling the interior
of Mercury directly follows our earlier effort [2], which
aimed to outline how well the internal structure may be

constrained by the MESSENGER orbital phase. We
model the planet’s interior as a three-layer structure
consisting of a compressible y-Fe inner core and liquid
Fe-FeS alloy outer core and a single uniform-density
silicate layer of mantle plus crust. As Mercury’s sili-
cate layer is likely thin, the influence of compressibility
in the mantle plus crust layer is not as significant as it
is for the large core in the calculation of the moments
of inertia.

Modeling: We calculate a large suite of Monte Car-
lo internal structure models consistent with Mercury’s
mean radius, bulk density, and a wide range of material
and internal structural parameters. For each candidate
structure we use the internal density distribution to
calculate the planetary mass (M), polar moment of iner-
tia (C), and the ratio C,/C. For a spherically symme-
tric planet, M and C are related to the internal structure
by [e.g., 9]: )
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where p (r) is the radial density distribution and R is
the radius of the planet. The moments of inertia of the
mantle plus crust (C,) and core (C,) are related by:

c + c 1. 3)
We may calculate C,/C from Equation (3) supple-
mented by (2) and

_872' Re 4
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where R, is the core radius. The depth-dependence of
the density structure can be captured by supplementing
Equations (1-4) with a third-order Birch-Murnaghan
equation of state for the appropriate core materials
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where P, T, T, p,. K,, K;, and aare the local pres-

sure, the local and reference temperatures, reference
density, the isothermal bulk modulus and its pressure
derivative, and the volumetric coefficient of thermal
expansion, respectively (see [2] for details).
Observational constraints on Mercury’s internal
state: Recent work has demonstrated that Mercury oc-
cupies a Cassini state [5] which in principle allows for
the determination of the normalized polar moment of
inertia C/MR? as a function of Cyg, Cy,, and the planet’s
orbital parameters, including the obliquity [6-7]. Whe-
reas C,, has been well-determined by the equatorial
geometry of MESSENGER’s flybys, the value of Cy is
less constrained. This fact limits the ability to place
useful, independent bounds on C/MR? and C,/C at
present [7]. However, following [6] we can estimate
C/MR? with greater fidelity than was previously poss-
ible because of the precise determination of the ampli-
tude of the physical libration [5] and C,, [7] through

the relations:
Cm (B — A) Cm C Cm
2~ 2= 2" (6)
(B-A) MR C MR MR
The first term on the left-hand side is determined from
the amplitude of the physical libration, and the second
term is equal to 4C,,. The value of Cn/MR?, and asso-
ciated uncertainties, can be compared with the models
of Mercury’s interior described above.

Preliminary results: Our preliminary results are
based upon the ~800,000 Monte Carlo models of [2] as
well as the known value of (B-A)/C,, = (2.03 £ 0.12) x
10 [5] and of (B-A)/MR? = (3.24 + 0.1) x 10” given
the value of C,, from the HgMO0O01 gravity model of [7]
from the first two MESSENGER flybys of Mercury.
From these data, C,/MR? = 0.16 + 0.018. In Figure 1
we show how these new data compare with models of
Mercury’s interior by plotting the core radius as a func-
tion of C,,/MR? for all ~800,000 models with the color
indicating the density of the silicate mantle plus crust.
The MESSENGER and Earth-based radar-derived val-
ue of C,/MR? and associated 1-c uncertainties outline
approximate limits on the internal structure. This for-
malism also provides a basis for estimating other inter-
nal structure parameters, such as the radius of the core
and densities of the core and silicate mantle plus crust.
Additional data, from MESSENGER’s third flyby of
Mercury and from Mariner 10, if available, may shar-
pen these constraints in anticipation of a reanalysis
once observations from the MESSENGER orbital mis-
sion phase are underway.
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Figure 1 Relationship between the radius of Mercury’s
core and the normalized polar moment of inertia of the
mantle plus crust for ~800,000 Monte Carlo models of
the planet’s interior. Also shown in color is the density
of the silicate layer that includes the mantle and crust.
The vertical dashed line represents the MESSENGER
and radar derived value for C,/MR? and the solid lines
outline the 1-c uncertainties.



