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Introduction:  OSIRIS-REx revealed that the aster-

oid Bennu has hundreds of candidate impact craters [1], 
henceforth called “impact craters” for simplicity. Im-
pact craters provide clues to the physical properties of 
Bennu’s surface, the age of the surface, and the pro-
cesses that have shaped Bennu into its present state. 
They also yield insights into cratering mechanics. Cra-
tering on Bennu occurs in a challenging regime: gravity 
is very weak [2, 3]; target strength is quite low [2,3], but 
poorly known, and could vary with depth; target poros-
ity is high [3,4]; and the target surface is very coarse-
grained and boulder-rich [2,5]. Here we assess impact 
crater depth-to-diameter ratios, d/D, to characterize im-
pact craters on Bennu and better understand impact pro-
cesses on rubble-pile asteroids.  

Methods: The OSIRIS-REx mission produces 
shape models and DTMs using two primary techniques: 
stereophotoclinometry (SPC) and the OSIRIS-REx La-
ser Altimeter (OLA) [4]. We produced regional DTMs 
of each impact crater using both methods. Two DTMs 
per crater were derived from SPC (the first based on a 
model from January 2019 called v20 and the second 
based on a mature, higher-resolution model from July 
2019 called v34); a third DTM was made from individ-
ual OLA scans. The SPC DTMs have a ground-sample 
distance (GSD) of 44 cm (Jan. 2019) and 15 cm (June 
2019), respectively. The OLA DTMs have a 10 cm 
GSD. We focus on craters >10 m in diameter to ensure 
that the craters are adequately represented in the v20 
DTMs. 84 impact craters exceeded this size threshold; 
71 were suitable for d/D analysis. Craters were excluded 
for reasons such as overlap with another depression. 

From each regional DTM, we extracted topographic 
profiles across each crater at eight different azimuths. 
Rim-to-rim diameter and rim-to-floor depth were deter-
mined along each profile. At times, individual profiles 
were excluded because they passed through an irregu-
larity (e.g. large boulder) on the rim. The remaining pro-
files were averaged to compute the rim-to-rim diameter, 
rim-to-floor depth, and d/D for each crater.  

The irregular shapes and morphologies of impact 
craters on Bennu pose challenges to analysis. As a sec-
ond assessment of crater diameter and depth, we 
mapped the crater rim in each DTM and determined the 

best-fit ellipse to the rim. The equivalent diameter of 
this ellipse provided a second estimate of rim-to-rim di-
ameter. The difference between best-fit plane fit to the 
mapped crater rim and maximum depth within the el-
lipse provided a second estimate for rim-to-floor crater 
depth. The profile- and plane-based methods yield con-
sistent results in most cases. However, given Bennu’s 
rubble-rich surface, the best-fit plane method more ac-
curately captures the measurement uncertainties.  

Results: Impact craters on Bennu have a range of 
d/D values (Fig. 1). With respect to elevation, d/D varies 
from 0.06 to 0.27. Craters of a given size can exhibit a 
range of depths. d/D is not strongly correlated with the 
latitude or longitude of the crater. The range of d/D in 
craters depends on crater size (Fig. 2). 

 
Figure 1. The diameters and depths of craters larger 
than 10 m on Bennu. As points of reference, dashed 
lines indicate the d/D ratios for typical terrestrial planets 
(d=0.2D), the asteroid Eros, and rubble pile Itokawa.  

The v20 and v34 crater DTMs yield similar trends. 
The additional detail afforded by the v34 topography 
improved the measurements of the craters smaller than 
~20 m in diameter. OLA comparisons are ongoing; for 
the craters that have had OLA DTMs generated to date, 
the results from all three DTMs are consistent (Fig. 3). 

Discussion: Many craters on Bennu are shallower 
than the d/D ~0.2 typical of fresh, simple craters on the 
terrestrial planets. These lower d/D ratios are more 
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consistent with results from Itokawa [6] and Eros [7]. 
The d/D ratios of fresh, bowl-shaped impact craters on 
Ryugu range from 0.14 to 0.2 [8]. While many Bennu 
craters have d/D within this range (Fig. 2), others, in-
cluding the largest craters, fall outside this range.  

 
Figure 2. The d/D of impact craters as a function of 
crater size. The range of d/D values narrows as crater 
size increases from 10 to ~100 m. The smallest craters 
(less than ~30 m) are some of the deepest; the shallow-
est craters are also among the largest. 

Two fundamental questions emerge from the d/D 
data. First, why do craters of a given size show such di-
verse d/D ratios? Second, why does d/D appear to vary 
with crater size?  

The range of d/D ratios for a given crater size could 
reflect several factors. Variations in degradation are one 
possibility. Post-impact modification (e.g., infill) could 
reduce d/D; such a process would not explain why some 
craters are so deep. Future work will include a detailed 
analysis of d/D on Bennu as a function of crater fresh-
ness attributes. That analysis will refine comparisons 
between the crater populations on Bennu and Ryugu. On 
Bennu, the steepest slopes are currently located at the 
midlatitudes  [3], but no strong correlation is observed 
between latitude and d/D. A range of d/D may be a nat-
ural outcome of impacts into coarse-grained targets, 
even if cratering efficiency is unaffected [9]. In this re-
gime, changes in the geometry of the first contact be-
tween target and projectile, as well as the connectivity 
of target grains, can create a broad range of outcomes 
from similar initial impact conditions [10]. Variations in 
target properties such as porosity and strength affect im-
pactor penetration and coupling [11] and could also lead 
to a range of d/D.  

The change in d/D as a function of crater size 
(Fig. 2) could reflect several factors. If the small, deep 
craters are the anomalous ones, then some of the factors 
described above may be at work. However, if the large, 
shallow craters are the anomalous ones, then the 
strength of Bennu may increase with depth. An interplay 
between strength and gravity as a function of crater size 

[e.g., 12] could also be at work. A more competent layer 
at depth can lead to crater flattening as seen on the 
Moon, thereby decreasing d/D [e.g., 13]. Bennu’s shape 
and topography implies a stiffness [4] that could be con-
sistent with increased strength at depth.  

 
Figure 3. DTMs (left) and crater profiles (right) from a 
~19 m crater at -0.63° N 315.07° E. All three DTMs 
lead to the same d/D, within error. 
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