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Introduction:  One of the main objectives of the 

NASA MErcury Surface, Space ENvironment, GEo-
chemistry, and Ranging (MESSENGER) mission [1] 
was to better understand the interior structure of Mer-
cury from core to crust, through geophysical measure-
ments of the gravity field [2] and planetary shape [3-4]. 
Prior to its arrival at Mercury, ground-based radar meas-
urements of a large longitudinal libration amplitude [5] 
revealed the decoupling between the crust and the inner-
most layers, indicative of a molten core [6]. Analysis of 
the radio tracking data acquired by MESSENGER in or-
bit constrained the long-wavelength gravity field [7] and 
helped improve our knowledge of the interior structure 
[8]. We recently analyzed the entire radio tracking da-
taset (including the last year with periapsis altitudes 
down to ~25 km) using a new methodology that co-in-
tegrates and co-estimates the orbits of Mercury around 
the Sun and MESSENGER around Mercury [9]. This 
work led to important advances in heliophysics and fun-
damental physics [9], and also showed the first evidence 
for an inner solid core [10]. Here, we present the meas-
ured gravity field (HgM008) and the resulting crustal 
thickness model. 

Gravity Field: The gravity field was represented 
with spherical harmonics up to degree and order 100. 
We used the NASA GSFC GEODYN II orbit determi-
nation and geodetic parameter estimation software [11] 
to iteratively integrate the equations of motion and pro-
cess the radio tracking data so as to minimize the resid-
uals between observed and modeled observations. The 
~4 years of orbital data were split into ~1500 arcs, each 
converged separately but combined for the final inver-
sion of the gravity parameters. The outcome is higher-
fidelity than previous solutions thanks to the better-de-
termined Mercury ephemeris, in particular showing al-
most none of the ‘striping’ which characterized previous 
solutions that made use of the end-of-mission low-alti-
tude passes. The free-air anomalies computed from the 
gravity field are shown in Figure 1. The resolution over 
the southern hemisphere is limited by the highly ellipti-
cal MESSENGER orbit with northern latitude peri-
apses, but the long-wavelength features associated with 
topographic structures (e.g., Debussy near 20-70°E and 
Tolstoj near 210-240°E) appear as free-air anomalies. In 
the north, many small-scale craters are clearly resolved, 
such as Strindberg, Ahmad Bada, Verdi, and Brahms 
which stand out as negative anomalies surrounded by 

positive anomalies. We find gravity-topography corre-
lations markedly improved in many regions compared 
to our previous solution (HgM007B, on the PDS Geo-
sciences node). 

Crustal Thickness: Following recent results at the 
Moon [12-13] and Mars [14], we computed the gravity 
expected from the topographic relief assuming a crustal 
density of 2800 kg/m3. After subtracting this Bouguer 
correction from the measured free-air signal, we obtain 
the Bouguer anomalies which we can interpret via an 
Airy model as crustal thickness variations, assuming a 
crust-mantle density contrast (400 kg/m3) and an aver-
age crustal thickness (35 km) [15-16].  

Conclusions:  A new analysis of the MESSENGER 
radio tracking data yielded an improved gravity solution 
with implications for the structure of Mercury’s crust. 
We will present and interpret these results. 
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Figure 1. Mollweide (left, 0°E in center) and north polar (right) 
projections of free-air gravity anomalies (top, in mGal) and crustal 
thickness (bottom, in km) derived from our new gravity field solu-
tion, HgM008. 
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