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Mercury’s Prime Meridian & Hun Kal crater

MDIS NAC and WAC images are used for
measurement of the diameter and crater
center coordinates of Hun Kal. Averaged
values are obtained by weighting the
measurements by viewing quality scale
and image resolution. We obtain a mean
diameter of 1.402 ± 0.112 km. By
computing the length of the shadow in
images with low Sun elevation we
roughly estimate the crater depth to
about 340 m. The averaged location of
the crater center is 0.4646° ± 0.0124° S
and 339.9930° ± 0.0153° E. The prime
meridian of Mercury is defined by
assigning the longitude 340° E (20° W) to
the center of Hun Kal. The observed offset
of 0.007° (300 m) from the 340° E
longitude is not significant given the
uncertainty of the measurements.

Overview of Mercury Rotation Models

Mercury’s Reference Frames

The table below provides an overview on derived rotational parameters. Thereby the orientation of the
rotation axis is parameterized by the declination 𝛿𝛿 𝑡𝑡 = 𝛿𝛿0 + 𝛿𝛿1 𝑡𝑡/cy and right ascension 𝛼𝛼 𝑡𝑡 = 𝛼𝛼0 +
𝛼𝛼1 𝑡𝑡/cy. The temporal evolution of the right ascension and declination angles is described by a linear
function, where the first term gives the orientation of the rotation axis at the J2000 epoch (with respect to
ICRF) and the second term denotes the long-term precession of the rotation axis (‘cy’ refers to Julian
century, i.e. 36525 days). The rotation about that axis is defined by the prime meridian angle 𝑊𝑊 𝑡𝑡 = 𝑊𝑊0 +
𝑊𝑊1 𝑡𝑡/d + 𝑊𝑊lib (𝑡𝑡), which is composed of the prime meridian constant 𝑊𝑊0 , the mean rotation rate 𝑊𝑊1 and the
forced libration in longitude 𝑊𝑊lib (𝑡𝑡). The amplitude of the latter is denoted by 𝐴𝐴lib = max 𝑊𝑊lib (𝑡𝑡). Values in

MESSENGER reference frame: This cartographic frame is currently used for all data
products from the MESSENGER mission. The rotation parameters are based on Earth-based
radar and MESSENGER radio science measurements (see table on the left). Since the analysis
of MESSENGER data revealed Mercury’s rotation rate to be significantly different from the
previously assumed rotation rate, the prime meridian constant W0 was revised. The previous
rotation rate, based on the assumption of a 3:2 spin-orbit resonance, leads to a longitudinal
offset of 0.0519° (2.2 km) in Hun Kal’s position in MESSENGER images.

𝑡𝑡

rows below the dashed line are based on MESSENGER observations. Rotational parameters adopted for
MESSENGER cartographic products are highlighted in bold face. Computed values refer to the
orientation and precession of the orbit plane normal and to the rotation rate obtained by the assumption of
a 3:2 spin-orbit resonance.

Dynamical frame: Mercury’s rotation state is tied to its orbital motion through a 3:2 spinorbit resonance. This property allows to define a dynamical reference system, which can be
realized by accurate analysis of Mercury’s ephemeris. Within the dynamical frame the prime
meridian is defined as the mean location of the sub-Solar point at every second pericenter
passage of Mercury. Interestingly, the cartographic frame defined by the crater Hun Kal and
the dynamical frame do not coincide. The difference amounts to 0.12° (5.12 km) in longitude
at the midterm of the orbital phase of the MESSENGER mission.

Principal-axes frame: The principal-axes reference system is defined by the principal
components of Mercury’s moment of inertia. The low-degree gravity field coefficients reflect
the mass distribution within the planet and can be used to derive the orientation of the
principal axes. Considering Mercury’s gravity field estimates based on MESSENGER radio
science data we found that the principal-axes frame coincides with the dynamical frame
within the measurement accuracy.

Ellipsoid frame: Due to the strong tidal force from the Sun Mercury’s global shape can be
characterized by a tri-axial ellipsoid and allows a definition of an ellipsoid reference system.
The ellipsoid reference system is related to the center of figure. While there are hints at an
offset between the center of mass and the center of figure in the order of 100 m, the
orientation of the long axis of the ellipsoid frame is consistently offset from the axis of
smallest inertia through all available data sets. The transformation from the MESSENGER
frame to the ellipsoid frame is given by a translation of
𝑑𝑑𝑟𝑟 = 𝑑𝑑𝑥𝑥 , 𝑑𝑑𝑦𝑦 , 𝑑𝑑𝑧𝑧 = 0.082 ± 0.057, 0.147 ± 0.045, −0.077 ± 0.030 km
and a subsequent rotation by
𝐸𝐸 = 𝑅𝑅𝑥𝑥 1.9° ± 1.1° ∙ 𝑅𝑅𝑦𝑦 (−2.9° ± 0.5°) ∙ 𝑅𝑅𝑧𝑧 (16.7° ± 1.7°).
Thus, the transformed vector 𝑟𝑟𝑟 is obtained from the initial vector 𝑟𝑟 expressed in the
MESSENGER frame by 𝑟𝑟𝑟 = 𝐸𝐸(𝑟𝑟 + 𝑑𝑑𝑟𝑟 ).
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