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Introduction: The Origins, Spectral Interpretation,
Resource Identification, and Security–Regolith
Explorer (OSIRIS-REx) mission discovered hundreds
of impact craters on (101955) Bennu [1–3]. Impact
craters provide information about Bennu’s surface age,
geological history, and mechanical properties. A few
craters contain mounds in their interiors. We use them
to gain insight into Bennu’s subsurface.
Observations: Three craters on Bennu larger than
10 m in diameter have mounds near their centers
(Fig. 1). Smaller craters have not yet been thoroughly
searched for interior mounds.) The mounds do not
appear to be partially exposed or partially buried
boulders. The diameters of mound craters range from
~15 to ~22 m, and the mounds are apparent in
topographic profiles (Fig. 2). Mound heights range from
0.29 – 0.53 m above the crater floor. The mounds are
not caused by noise in the lidar dataset. Rather, the

topography exceeds the accuracy and precision of the
dataset [4]. Two of the three mound craters are located
on areas with low regional slopes, while the crater in
Figure 1A is superposed on a ~14° regional slope. In all
three cases, the mound diameter is ~0.3 times the
diameter of the crater. Two additional craters may have
mounds, but the topographic data are ambiguous.
Interpretations: Observations of impact craters on
planetary surfaces [e.g., 5–7], as well as results from
impact experiments [7] and numerical models [8],
indicate that central mounds form inside craters when
the floor is located near the boundary between a weak
upper layer and strong substrate (e.g., lunar regolith
above bedrock). The diameters of mound craters
constrain the thickness of weak surface material and the
depth to more competent material. Lunar examples and
impact experiments [7] showed that mound craters form
when the ratio between the rim-to-rim diameter of the

Figure 1. Craters with interior mounds on Bennu. Dashed lines indicate the crater rim. The top row shows OCAMS
PolyCam images of each crater overlaid on the DTM shown in the second row. For panels B and C, the bottom row
shows the DTMs colored by elevation. The crater in panel A formed on a slope. This DTM is colored by height along
a normal to a plane fit to the points in the DTM. This approach emphasizes the mound by removing regional slope.

52nd Lunar and Planetary Science Conference 2021 (LPI Contrib. No. 2548)

crater, Dr, and regolith thickness, t, (i.e., thickness of
weaker surface material) is between ~4 and ~7.5.
Applying these results to Bennu implies that the three
mound craters formed in places where a layer of weak
material ~2 to 6 m deep (depending on the crater) lies
atop a stronger, more competent substrate. The specific
ranges of Dr/t that lead to mound craters on Bennu might
differ from the values determined by [7] owing to
differences in material properties (e.g., strength,
porosity) on Bennu vs. the Moon. However, numerical
models [8] indicate that the strength contrast between
the two layers, rather than the absolute strengths of the
upper material or substrate, is the relevant factor in
mound crater formation.
Fig. 2. Topographic
profiles across the
crater in Fig. 1b.
Dashed lines denote
the edges of the
interior mound.

We hypothesize
that these mound
craters formed in
regions underlain by
a competent block
or boulder. Existing
analyses [e.g., 5–8]
are not sufficiently
detailed to pinpoint
the size of the stronger substrate relative to the size of
the crater, but we speculate that the stronger material
would need to be wider than the crater (i.e., >15–20 m
across; dozens of such boulders occur on Bennu
[1,4,9]). Only a few craters have central mounds, which
implies that the conditions that lead to mound formation
are not widespread. On the one hand, because Bennu is
a rubble pile, one might expect craters to often form
above a block or boulder, which would suggest that
mound craters should be common. On the other hand,
mound craters can form only when the layer of weaker
material is a specific thickness relative to the size of the
crater [7,8], which would restrict the number of craters
one would expect to contain mounds in a rubble pile. In
addition, the subsurface block may need to be of a
certain length scale with respect to the overlying crater
or oriented subparallel to the pre-impact surface, in
which case the conditions for mound crater formation
would be even less common.
Discussion: Mound craters are one of several lines
of evidence that suggest the properties of Bennu’s
interior differ from its surface. The touch-and-go (TAG)
sampling event mobilized abundant material,
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suggesting a weak surface [14]. Based on thermal
inertia, some boulders exposed at the surface of Bennu
are also quite weak [10]. The Small Carry-on Impactor
(SCI) experiment implied a weak surface on Ryugu
[11], as does ejecta [12] associated with a crater on
Bennu. Terraces on Bennu also indicate the presence of
weak surface materials [13]. At the same time, in some
places the subsurface is sufficiently strong to form
mound craters, Bennu’s interior has enough stiffness to
support global-scale north-south ridges [4,9], as well as
a heterogeneous mass distribution [15]. OSIRIS-REx
has provided tantalizing clues to the nature of Bennu’s
interior—and by extension, interiors of other rubblepiles. More work is needed to understand the links
between the surfaces and interiors of these small bodies.
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