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Introduction: 2014 MUyg is a cold classical Kuiper
Belt Object (KBO), informally nicknamed “Ultima
Thule”, hereafter referred to as “MUg”. MUy was
visited by the New Horizons spacecraft on 1* January
2019 [1]. Images reveal a contact binary with a 9.73
km diameter lobe nicknamed ‘Ultima’ and a 7.12 km
diameter lobe nicknamed ‘Thule’ [2], probably created
as the result of a slow and non-destructive impact of
two planetesimals. At the low phase angles (11-13°)
and relatively low resolution (140 m/pixel) of these
early images, topography on MUg is ill defined. High-
resolution images (reaching 33 m/pixel) will return
slowly over the course of 2019, including a downlink
in February, the data from which will be presented at
the 50™ LPSC. No unambiguous impact craters have
yet been identified on MUy, but some albedo features
might yet reveal themselves to be craters and their
ejecta in the forthcoming higher resolution imaging.
These include high albedo patches up to a few kilome-
ters across that are seen on both lobes, as well as a 7-8
km diameter, roughly circular feature with a low albe-
do rim on the Thule lobe (Fig. 1). MUy is expected to
be cratered, even if only to a modest degree [3]. This
abstract discusses the main factors affecting impact
crater morphology on a low gravity icy body. The
presentation will include images and analysis of any
craters detected in the February-downlinked data, or
failing that, a fuller discussion of the striking implica-
tions of a total absence of resolved craters on the en-
counter side of MUgo.

Target Conditions and the effect of low gravity on
crater morphology: Kuiper Belt Objects such as
MUgo are assumed to be of composed predominantly
of H,O ice, silicates, organic matter, and other non-
H,O ices. This is based on density estimates of 0.5 — 1
gem” [e.g., 2] the dimensions of MUy are now avail-
able from New Horizons [2, 4] and a conveniently cir-
cular shape to the two lobes allows for a volume esti-
mate. Assuming a 1 g cm™ average density, this sug-
gests a gravity of ~ 0.003 m s™. The surface gravity of
a planetary body affects crater morphology in (at least)
two important ways: (1) the crater diameter at which
rim terraces and/or central peaks form is inversely pro-
portional to gravity [e.g. 5], and (2) the higher the
gravity, the more readily the transient crater
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Figure 1. MUy, albedo features potentially of impact
origin as seen in the CA04 LORRI observation (140
m/pixel), including relatively bright circular patches up
to a few km across (red arrows) and a larger circular
feature with a relatively dark rim (yellow ellipse).
Phase angle is 12.9 degrees.

collapses, leading to differences in crater morphology.
With a surface gravity of only 0.003 m s, the simple-
complex transition diameter for MU69 should be be-
tween 60 and 70 km, i.e. twice as large as the longest
dimension of MUy, so only simple morphologies are
expected. Additionally, when considering the effect of
gravity alone, steep wall slopes could be stable due to
the effect of low gravity. However, material strength
considerations and the very low impact velocities
would counteract this effect. It is possible that central
structures and rim complexities might be present, but
these would be the result of target layering [cf. 6]
and/or low-velocity complications.

Impactor properties and the effect of low impact
velocity on crater morphology: The most likely im-
pactors at MUg are other KBOs [3]. These can be sub-
divided into subpopulations based on their solar-
distance, resonances, etc. The most likely impactor
type would be another main belt ‘cold classical’.
Greenstreet et al., [3] consider the range of impactor
velocities at MUgy and predict that impacts into the
body will be predominantly sub-sonic: ~ 300 m/s, with
a maximum system impact velocity likely to be below
4 km/s. Pluto and Charon are subject to average impact
velocities of 2 km/s. Although this velocity is low
compared to most planetary bodies under study, obser-
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vations [7] and modeling [8] do not suggest any signif-
icant shallowing of the crater profile until crater ve-
locities drop below ~1-2 km/s (Fig. 2). A better com-
parison for what to expect of low velocity impacts is to
consider the secondary crater population on icy bodies.

Secondary craters tend to be shallower than prima-
ries due to their lower impact velocity [e.g., 9]. As this
is true across multiple bodies of our solar system, we
expect craters formed on MUg to be shallower than
those expected on other small icy bodies that experi-
ence higher impact velocities. This could be due to
less effective transient crater formation at low impact
velocities, which will produce a shallower crater prior
to any additional rim collapse. The low gravity on
MUgo is not expected to facilitate significant collapse
of this transient crater, compared to the modification
that might be expected on higher gravity bodies.

Low velocity impact theory suggests that preser-
vation of the projectile might be possible at very low
impact velocities [e.g., 10]. However, observations of
secondary cratering on the Moon [9] have not located
any preserved projectiles associated with estimated
impact velocities down to 50 m/s. Potential impactor
preservation at low impact velocities [e.g. 11] might
result in albedo differences at the crater center that
could be used to discern compositional differences
between the impactor and the target. If albedo differ-
ences are seen at the centers of craters, and do not ap-
pear to be due to post-impact sedimentation, then we
are more likely seeing impactor preservation than im-
pact melt — a usual cause for albedo differences at the
crater centers [e.g., 12] — because low velocity impacts
are less likely to cause melting of the target [e.g., 13].
The highest velocity impacts into MUg, combined
with the effect of closing pore space [cf. 13], could
produce some melt products, although the outcome of
this is not expected to be macroscopic. Morphologies
associated with melt (water in this case), such as small
scale pitting seen in martian craters [14], and melt
flows, streaks and ejecta ‘streamers [e.g., 15], are
therefore not expected.

The amount and range of any ejecta will be affect-
ed by both the expected low velocity impacts and the
low gravity of MUgo, although gravity is expected to
be the dominant factor of the two. A range of ejecta
velocities is expected, with the majority of ejecta being
likely to attain velocities in excess of MUgg’s escape
velocity (~ 10 m/s for a mean density of 0.5 — 1 g cm’
’). Ejecta retention is expected to be limited to close-
rim material, and will likely not include rays or sec-
ondary cratering. Ejecta exchange between the lobes of
MUygo is possible if the ejection angles are fortuitous.
This could lead to secondary impacts occurring within
the system, but they would not be easily related back to
their primary crater.
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Figure 2: Pluto impact simulation results from [8],
showing the decrease in relative crater depth and rim
height for different impact velocities. The results in-
clude the impact of 100-400 m radius projectiles (Rp =
100-400 m), and assume a solid ice target and projec-
tile, and Pluto gravity. Rim height and crater depth
both show a marked decrease when impact velocity
drops below ~1-2 km/s.
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