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On 1 January 2019, the New Horizons
spacecraft flew by (486958) 2014 MU69 nick-
named ‘Ultima Thule’ and acquired many im-
ages at a variety of distances from the object,
not all of which have been returned at the time
of writing this abstract.

MU69 has been identified to be a bi-lobate
contact binary [1]. The spin axis orientation,
spin rate, and gross shape of MU69 are dis-
cussed in Porter et al. [2], and based on our
initial observations the two lobes are triaxial el-
lipsoids that appear to have low relief [3].

Such an object presents challenges for tra-
ditional mapping applications, due to its irreg-
ular shape. The IAU Working Group on Car-
tographic Coordinates and Rotational Elements
has guidelines on how coordinate frames are to
be assigned to irregular objects [4]. MU69 has
similarities to 67P/Churyumov-Gerasimenko,
and Preusker et al. [5] outline a mapping
scheme which uses multiple reference frames
that we can adapt.

MU69 planetocentric frame: The IAU pro-
vides clear guidelines for minor planets like
MU69: the positive rotation pole and the di-
rection of increasing longitude should follow
the right-hand rule. The location of the prime
meridian is arbitrary, but should be defined by
a suitable observable feature or features.

We have enough data to begin to estimate
the rotational pole of MU69 [2], and have de-
fined it in accordance with the IAU guidelines.
Additional data that will be downlinked from
New Horizons in February 2019 should pro-
vide additional resolution that would allow us
to select features on which to establish a prime
meridian. One natural choice is to locate the

Figure 1: The two lobes of MU69, the spin pole
is the the blue arrow, and prime meridian is the red
arrow. A graticule is drawn with the poles of each
planetodetic system parallel to the spin pole. The
equator is indicated in green, and the prime meridi-
ans are indicated in red on each lobe.

prime meridian along the long axis of MU69 on
the large lobe. However, based on estimates of
the rotation rate and our flyby trajectory, the
images yet to be downlinked are unlikely to
contain well-resolved images of either of the
faces of the long axis of MU69 (the +X and
−X faces defined below), but should provide
excellent views of the negative pole of MU69

and its neck region. At this time, our intention
is to identify some suitable features in those im-
ages, and assign them longitudes such that the
prime meridian aligns with the long axis.

Mapping and Visualization: The above dis-
cussion establishes a planetocentric coordinate
scheme for the entire bi-lobate MU69 object,
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but this isn’t particularly suitable for mapping
and cartographic applications.

We recognize that for small, irregular bod-
ies like MU69, there is value in having an x,y,z
Cartesian coordinate system that completely
describes the object, as well as a set of plan-
etodetic systems to enable map projection with
tools designed for larger spheroidal bodies. In
order to easily translate between these two sys-
tems, they both need to be anchored to the
whole-body planetocentric system.

Cartesian system: The Cartesian coordinate
system would have its primary Z axis through
the MU69 rotation pole (blue axis in Figure 1),
and its X axis would be aligned with the prime
meridian [red axis in Figure 1 and as as detailed
in 4, Fig. 2].

Planetodetic systems: To facilitate carto-
graphic mapping applications, we can follow
the example established by Preusker et al. [5]
for 67P. It is even easier for MU69, since the
two lobes are so nearly spherical. We will de-
fine two triaxial ellipsoids to represent the two
lobes, offset from the MU69 center of mass and
rotation pole (Figure 1). These two ellipsoids
will have their own separate latitude/longitude
systems, with their positive poles aligned par-
allel to the MU69 rotation pole, and their prime
meridians aligned with the MU69 prime merid-
ian. This means that the center of the connec-
tion on both lobes will be at their mutual equa-
tors, and the longitude of the center of the con-
nection with the smaller lobe will be at 180◦ E
longitude on the large lobe; and the center of
the connection with the larger lobe will be at
0◦ E longitude on the small lobe.

At the time of writing this abstract shortly
after flyby, the ‘neck’ between the two lobes
of MU69 is not well-resolved, but may be min-
imal, such that only two offset frames are
needed. For 67P, the neck region was more sub-
stantial and Preusker et al. [5] defined a third
spheroid which represented the neck. Depend-
ing on what the additional images show us, we

Figure 2: CA04 LORRI observation (above),
and a rendering of the proposed mapping scheme
in approximately the same orientation. This view
shows the negative latitude pole of the planetodetic
spheroids that New Horizons will mostly see. The
equator is green, the spin pole is blue, and the prime
meridians are indicated in red on each lobe.

may need to take the same approach.
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