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Introduction:  The MErcury Surface, Space ENvi-

ronment, GEochemistry, and Ranging (MESSENGER) 
mission addressed key scientific objectives focused on 
the interior of the planet with dedicated magnetic and 
gravity investigations. The measurement of the mag-
netic field offset and amplitude, for example, allowed 
the characterization of some properties of the outer 
core [1]. In addition, the combination of the planet’s 
orientation (obliquity -- angle between spin and orbital 
axis -- and physical longitudinal librations) with gravi-
ty measurements (degree 2 in spherical harmonics) 
have constrained the size of the molten outer core [2, 
3].  

However, there are still open questions concerning 
the mass distribution within the different layers of the 
planet interior and, in particular, nature and size of the 
solid inner core. The analysis of the entire 
MESSENGER radio science dataset, which includes 
the low-altitude campaign, enabled us to substantially 
improve the knowledge of Mercury’s gravity field and 
obliquity of the spin axis. These geophysical quantities 
are necessary to refine the polar moment of inertia of 
the whole planet which bears on the level of differenti-
ation [4].  

Data and Method: Our new gravity solution pro-
vides refined estimates of the spin axis coordinates 
(right ascension and declination) that permits the re-
trieval, for the first time, of the average obliquity of the 
whole planet, which we find in perfect agreement with 
the Cassini state. 

The normalized polar moment of inertia, C/MR2, 
resulting from the new obliquity is significantly lower 
than the previous estimate of 0.346±0.011 [5] and with 
an uncertainty improved by a factor of 3 [6]. Our re-
fined estimate of the polar moment of inertia suggests 
that Mercury is much more differentiated than initially 
thought.  

We implemented a Markov-chain Monte Carlo 
(MCMC) algorithm to obtain solutions that match bulk 
density and radius and our latest estimates of the nor-
malized polar moment of inertia, C/MR2, and the frac-
tional polar moment of inertia, Ccr+m/C. 

Results: We integrate the governing differential 
equations for pressure and density under hydrostatic 
equilibrium (using 1 km thick layers) to retrieve mod-
els that are self-consistent and physically realistic in 
terms of their pressure, temperature and density pro-

files [7]. However, this approach requires an initial 
assumption on the light element that is present in the 
core. A possible scenario is an inner and outer core of 
Fe-Si alloy. Figure 1 shows the ratio between inner 
core (ric) and outer core radii (roc) as a histogram for 
the Multi-layer ensemble. These results suggest the 
presence of a solid inner core with a ric ≈ 0.3-0.7 roc. 

 
Figure 1. Ratio between the inner and outer core radii 
as a histogram for the samples of the Multi-layer 
MCMC solutions. 

 
Summary:  Our new measurements of the polar 

moments of inertia of the whole planet and of the outer 
layers (crust+mantle) suggest a more differentiated 
internal structure for Mercury. These geophysical 
quantities improve the constraint on the size of the 
solid inner core. Furthermore, simulations of Mercu-
ry’s magnetic field dynamo confirm that the presence 
of a solid inner core with a ric ≤ 0.5 roc is consistent 
with a magnetic field, thus providing an additional 
constraint on the size of the solid inner core. 
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