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Introduction: Measurement of the shape of Mercu-

ry, particularly when combined with the shape of its 
geoid, can provide clues to the planet’s internal struc-
ture, thermal evolution, and rotational history [1]. The 
Mercury Laser Altimeter (MLA) provides accurate 
measurements of the northern hemisphere and shows 
that higher latitudes have elevations that are lower than 
in the equatorial regions [2]. Without measurements in 
the southern hemisphere, it was not clear whether these 
lower elevations were due to polar flattening or the re-
sult of regional processes. Recently analyzed observa-
tions of radio frequency (RF) occultations provide ap-
proximately 120 southern-hemisphere elevations (Fig. 
1) that show a difference between the south-pole radius 
and the equatorial radius of 2.2 ± 0.1 km (on the basis 
of the C2,0 term of the 24-degree spherical harmonic fit 
to the MLA and occultation data) that is nearly identical 
to that observed by MLA for the northern hemisphere 
(2.26 ± 0.05 km) [2]. We present the occultation data 
and discuss possible implications for Mercury’s history 
and interior structure. 

Data analysis: Measurements of Mercury's radius 
during occultations are from open-loop receiver data. 

The initial product is the time-dependent RF power as 
MESSENGER passes behind and past Mercury, as 
viewed from Earth [3]. Depending on the RF signal 
strength, the optimal algorithm for extracting the RF 
power histories is a fast Fourier transform or a software 
phase-locked loop. The time of occultation is then de-
termined by fitting an edge-diffraction curve to the RF 
power history. By edge diffraction theory, the received 
RF power is 1/4  (-6 dB) of the unocculted power at 
apparent geometric occultation, the time when the 
source, edge, and observer are aligned along the RF 
path.  

The positions of MESSENGER, Mercury, and the 
Deep Space Network antenna provide the radius of 
Mercury at the point where the RF path grazes a smooth 
sphere centered at Mercury's center of mass. Local to-
pography determines the actual occulting edge, which 

 
Fig. 1. Locations of the RF occultation measurements used 
with MLA data to determine Mercury’s low-degree shape. A 
comparison of northern hemisphere occultation data with 
MLA data has provided a verification of the accuracy and 
uncertainty estimates of the occultation radii. 

 
Fig. 2. The RF path (black line) at the time of an occulta-
tion is plotted over a DTM determined from stereo photo-
clinometric analysis of MESSENGER images [4]. The 
terrain model provides the location of the occulting edge 
and the adjustment required to associate the height of that 
edge with the elevation of the surrounding terrain. The X 
indicates the occulting edge. The altitude profile along the 
RF path is shown at the right.  
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may be displaced both radially and horizontally from 
the smooth-sphere location. We use digital terrain mod-
els (DTMs) derived from stereo photoclinometry [4] to 
identify the local occulting edge or feature and to 
measure the height of this feature above the average 
height of the surrounding terrain (Fig. 2). This height 
difference is applied to the raw occultation radius to 
produce the final result, the average elevation in the 
region surrounding the occultation edge. The occulta-
tion analyses produce accurate elevations by using pre-
cise relative data from the DTMs to adjust the absolute 
radii obtained from the raw occultation measurements. 

The unadjusted radius measurements from occulta-
tions with northern-hemisphere locations were com-
pared with MLA data and found to be an average of 
230 m higher than the MLA measurement closest to the 
occulting edge. We expect such a difference, since the 
separation between MLA measurements averages ap-
proximately 400 m and an MLA measurement is un-
likely to occur at the occulting edge. (With an angle of 
repose of 30°, a 400-m offset corresponds to a height 
difference of 230 m.) The standard deviation of the 
occultation-to-MLA comparison is 210 m, in agreement 
with the average occultation uncertainty, which is de-
rived from the time uncertainty determined by the 
quality of fit of the RF power histories to the diffraction 
pattern. The combination of the occultation and MLA 
data confirms the oblate shape of Mercury (Fig. 3). 

Discussion: Coupled with the size of the core as re-
vealed by gravity and libration/obliquity analyses [5], 
the flattening provides insight into Mercury’s rotational 
and thermal history. If the observed shape indicates the 

hydrostatic shape of the historical rotation rate at a time 
when the lithosphere had cooled sufficiently to preserve 
this shape, the rate can, in principle, be used to con-
strain the despinning timescale, and thereby the histori-
cal tidal parameters (Love number, tidal dissipation 
function) [1,6]. Those parameters in turn constrain the 
rheology (viscosity, rigidity) of the interior [7]. 

We discuss two aspects of Mercury’s oblate shape: 
its source and the implications of its difference from the 
geoid, which is nearly spherical. The current flattening, 
if a preserved hydrostatic shape, corresponds to a rota-
tion rate of 100 to 200 h, depending on the degree of 
relaxation as rotation slowed. Both the formation and 
thickening of Mercury’s lithosphere and despinning 
from an initial rapid rate such as a 10-h rotation period 
were likely complete before the end of late heavy bom-
bardment [8,9]. The timescales for the two processes 
are comparable but may be too rapid and too dependent 
on stochastic events to establish a relationship. Mercu-
ry’s geoid is a factor of 10 less oblate than Mercury’s 
shape [5]. This difference requires compensation on a 
global scale. Because of the nearly spherical geoid, it is 
unlikely that the core-mantle boundary shows the same 
degree of oblateness as the surface. 

 If the compensation is confined to variations in 
crustal thickness, then a mantle/crust density ratio of 
1.1 implies that pole-to-equator crustal thickness varia-
tions of 22 km are required to maintain the 2.4 km dif-
ference in polar and equatorial radii, a figure similar to 
the differences in crustal thickness reported by Smith et 
al. [5]. Alternatively, compensation could be achieved 
by latitudinal variations in the density of the crust or 
mantle. However, such observational evidence as the 
low surface concentration of iron [10] argues against 
differences in crustal density as an explanation for the 
difference in flattening between geoid and shape.  

The northern hemisphere crustal thickness indeed 
displays a thinning toward the pole [5]. However, mod-
els of mantle convection [11,12] predict smaller-scale 
structure than would be consistent with either the hemi-
spheric-scale crustal thickness pattern or the oblateness. 
Understanding the relationship between geophysical 
and geological observations and geodynamical evolu-
tion will be a high priority for further study. 
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Fig. 3. The oblate shape of Mercury is apparent in this 
plot of southern hemisphere RF occultation elevations 
(adjusted for topography) relative to 2440 km and the 
longitudinally averaged MLA data in the northern hemi-
sphere. The occultation data are individual measurements 
and show variations due to local topography. For exam-
ple, the low-elevation occultation measurements between 
5°S and 20°S are low, smooth plains north of the Rem-
brandt basin. The solid curve, the best-fit oblate shape to 
the MLA data, agrees well with the occultation data.  
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