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Introduction:  The MErcury Surface, Space ENvi-

ronment, GEochemistry, and Ranging (MESSENGER) 
[1] mission was the first spacecraft to orbit the planet 
Mercury. Its mission accomplishments include, among 
many others, the first detailed maps of topography [2] 
and gravity [3,4] of Mercury. Due to the highly eccen-
tric orbit of MESSENGER, both data sets have the best 
resolution in the northern hemisphere. The 
MESSENGER mission consisted of several phases with 
different altitudes and locations of the periapsis. During 
its second extended mission (March 2013 until April 
2015, the end of mission), MESSENGER orbited Mer-
cury as low as 15 to 25 km above the surface, resulting 
in a wealth of information about the gravity field at 
small scales. However, these low-altitude data were 
only collected over parts of the northern hemisphere, 
further increasing the unevenness in data coverage. 
Standard methods of gravity field determination have 
difficulties in extracting all the information from the 
data when their coverage varies a lot spatially: such a 
coverage requires the smoothing of solutions in order to 
prevent unrealistic variations in the gravity field model, 
thus suppressing short-wavelength signals. This ham-
pers the geophysical interpretation of such models at 
these wavelengths. However, parameters such as the 
crustal density, important in geophysical studies of the 
thickness and support of the crust, can only be unambig-
uously determined from gravity and topography at 
smaller scales. With estimates of crustal density, a more 
robust analysis of the thickness and flexure of the litho-
sphere is within reach. Such an analysis of lithospheric 
thickness combined with estimations of the crustal den-
sity will improve our knowledge of Mercury's structure 
and thermal evolution. 

Data and Methods:  The most recent Mercury grav-
ity model based on the entire MESSENGER data set is 
HgM008 [5], a model in spherical harmonics of degree 
and order 100. This model was derived by, for the first 
time, co-estimating the trajectory of both the 
MESSENGER spacecraft and Mercury itself, using 
Doppler and range data from the Deep Space Network 
(DSN). This co-estimation resulted in several improve-
ments:  in ephemeris for Mercury, estimates for solar 
and relativity parameters [6], as well as the gravity field 
model [5]. We use the new ephemeris in our analysis, 
keep all other data processing the same, and reanalyze 

the data set used for HgM008. We generate the partial 
derivatives of the Doppler data with respect to the esti-
mation parameters, which in addition to the spacecraft 
state include the gravity field up to degree and order 
120. We then transform the standard DSN Doppler data 
into line-of-sight (LOS) accelerations, by numerically 
differentiating the partial derivatives as well as the data 
residuals. The result is a new normal equation system to 
estimate gravity coefficients from LOS data. These LOS 
accelerations have a better sensitivity to local features 
that will enable us to improve the gravity field at short-
wavelengths. 

 

 
Figure 1 Gravity anomalies in stereographic projection 
centered on the north pole, to 10˚N, for HgM008 (top) 
and our new line-of-sight model (bottom). 
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Results: We compare gravity anomalies from our 
new model based on LOS data to those of the HgM008 
model in Figure 1. The new model shows less striping 
and resolves more circular features. Towards the equa-
tor, where the altitude of the MESSENGER spacecraft 
was higher, the new model shows smoother gravity 
anomalies, because the data at those latitudes are less 
sensitive to small-scale features. 

 

 
Figure 2 Localized correlations between gravity and to-
pography, using a spherical cap of radius 15˚ centered 
on (270˚E,40˚N), using one taper with Lwin=27. 

 

 
Figure 3 Topography context from MLA (left) for the 
gravity anomalies from HgM008 (middle) and our new 
model (right), for the area analyzed in Fig. 2. 

We will use the resulting model, together with 
HgM008, to perform a localized analysis of correlation 
and admittance between gravity and topography [7], us-
ing topography models from the Mercury Laser Altim-
eter (MLA) instrument [8]. The new LOS model shows 
improved correlations with topography when compared 
to HgM008 in several locations, as we show in Figure 
2. While the improvement appears modest, an increase 
of correlations from 0.935 to 0.947 means an improve-
ment in signal-to-noise ratio from 6.9 to 8.5 [9]. In ad-
dition to the localized correlations, we show gravity 
anomalies for both models, together with topography, in 
Figure 3. 

By comparing the measured localized spectra with 
those from theoretical models, we aim to determine pa-
rameters such as crustal density, crustal thickness, and 
elastic thickness. We will use results for HgM008 and 
our new model, in order to address variations between 
models, as well as variations of the estimated 

parameters. We will use an admittance model that in-
cludes top and bottom loading, previously used for Mars 
[9]. We will vary parameters such as the crustal density, 
elastic thickness, crustal thickness, and load ratio. From 
a straightforward grid search on these parameters, we 
will determine which set fits the admittance best. We 
show an example of the measured and theoretical admit-
tance in Figure 4, using the same area and localization 
parameters as were used in Figure 2. The theoretical ad-
mittance was compared to the measured admittance 
over the degree range 40-70. At higher degrees, the ad-
mittance drops sharply, which indicates the possible 
need to account for noise in the theoretical models. The 
difference in parameters between the two “best fit” 
curves will be used to assess parameter spread. 

 

 
Figure 4 Localized admittance for HgM008 and our 
new model, along with initial "best fit" theoretical ad-
mittance models for these spectra. 

We will select various areas on Mercury where cor-
relations between topography and gravity are higher 
than 0.8 (a signal-to-noise ratio better than 1.7 [9]), 
since the theoretical admittance assumes a correlation of 
unity. This allows us to estimate crustal properties for 
various areas on Mercury. In addition, we will also in-
vestigate different admittance models that promote a 
simultaneous fit of admittance and correlation [10]. 
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