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Overview:  We present new observations of Ben-

nu’s candidate crater population, derived from images, 
lidar data, and spectrometers acquired during the 
spring and summer of 2019.  In addition to an updated 
size-frequency distribution, these data demonstrate a 
spectrum of crater morphologies, and a potential corre-
lation of spectral features as a function of size.  We 
provide preliminary analysis to explain the appearance 
of the candidate craters, with implications for Bennu’s 
physical properties and age. 

Introduction:  The OSIRIS-REx spacecraft ap-
proached asteroid (101955) Bennu in the late summer 
and fall of 2018, and began its initial survey of the 
asteroid in December 2018 [1].  During the spring and 
summer of 2019, the spacecraft collected a series of 
observations with its sophisticated suite of remote 
sensing instruments, including images taken by the 
OCAMS visible imagers [2] that achieve pixel scales 
as fine as 2 cm/pix, lidar scans by the OLA laser altim-
eter [3] that provide direct topographic measurements 
of the surface, and near-global coverage with OVIRS 
and OTES, which provide spectral measurements from 
the visible to the far IR [4,5,6]. 

These increasing-fidelity data sets provide a rigor-
ous means to investigate the distribution of surface 
features on Bennu, as well as their relationship to one 
another and to the overall asteroid shape.  Bennu’s 
candidate impact craters have several compelling char-
acteristics that constrain Bennu’s surface age [7], as 
well as its surface and sub-surface properties. 

Observations:  To date, observations of craters in-
clude: 

(i) The candidate craters are distributed across the 
surface, though with an apparent concentration of more 
distinct craters along the equator or at low latitudes.  
Because the equator is a region of near equipotential, 
compared with the mid-latitudes, this may indicate that 
classical crater features are better preserved in regions 
(such as the equator) with lower average slope and 
geopotential.  The spatial distribution of undegraded 
craters may be an important signature of regolith mo-
bility on Bennu and a measure of the conditions that 
lead to mobility.  

(ii) Some candidate craters are expressed in eleva-
tion (which is related to gravity and rotation) and geo-
metric 3D space (i.e., depressions in the asteroid 
shape), whereas others are expressed only in 3D space 
(Figure 1). One candidate crater is expressed only as 
an annular ring of boulders.  This diversity, and char-
acteristics such as depth-to-diameter ratios [8], are 
crucial to understanding the formation and evolution of 
craters in the rubble-pile structure of Bennu, as well as 
Bennu’s structure in terms of porosity and impact 
strength. 

 
 
Figure 1.  (A) Image of a ~150 m diameter crater 

candidate centered at about 53.7° N latitude and 72.1° 
longitude.  (B) The same image as in (A), projected on 
Bennu’s shape model, which is colorized by facet radi-
us.  (C) An approximately circular depression in facet 
radius, with the same diameter as the feature observed 
in the visible image.  (D) The same view of Bennu as 
in (B) and (C), here colored according to elevation.  
No obvious circular feature appears in elevation at this 
location. 

 
 (iii) The candidate crater population may reach 

spatial saturation at the largest diameters [9], indicat-
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ing that the global shape of Bennu is old [1,7,9], and 
may date to Bennu’s accretion as a rubble pile.  

(iv)  Extrapolation of the large crater population to 
smaller diameters predicts many more craters than seen 
at small sizes, i.e. small craters are underabundant.  
This could be due to erosional effects [e.g. 10], for-
mation effects [11], or both. 

 (v) There is a fascinating transition in crater mor-
phology at approximately 20 m diameter.  The floors 
of craters greater than 20 m diameter have similar, or 
even enhanced, boulder abundance relative to the sur-
rounding terrain. In contrast, the floor of craters less 
than 20 m diameter often are generally rock-free and 
appear to have a greater abundance of finer-grained 
material (Figure 2).  A hypothesis to explain the corre-
lation between the abundance of finer particles and 
smaller crater sizes is the presence of a near-subsurface 
layer, perhaps up to a few meters deep, of finer-grained 
material.  Because finer-grained material is more easily 
lost to space, or recirculated into the subsurface, these 
regions could be younger than other parts of the sur-
face.   

 

 

Figure 2. A 17-m-diameter crater illustrating the con-
trast between the smooth interior of the crater, and the 
rougher surface outside the crater. 

(vi) There may be relationships between spectral 
properties (e.g. reflectivities, band-depths or spectral 
slope) and crater diameter.  Figure 3 plots the 550 nm 
reflectance derived from OVIRS observations.  The 
reflectance has larger scatter at small diameters, and 
less scatter at larger diameters.  This could represent 
excavation into heterogeneous regions that remain dis-
tinct at small scales (small diameters), and mixing to a 

more consistent average at larger scales (larger diame-
ters). 

 

 
Figure 3.  The median 550 nm reflectance value, derived 

from OVIRS observations, for all facets inside each crater 
larger than 30 m diameter. 

 
Summary: Collectively, these observations sug-

gest complex interplays among the crater formation 
process and Bennu’s rubble-pile structure [12], the 
evolution of material on the surface, and the re-
accumulation of slow-speed ejecta from a primary im-
pact or other ejection mechanism.  These observations 
will inform scaling law development for crater for-
mation on rubble-pile surfaces, with direct conse-
quences for deriving relative and absolute surface age 
values for rubble-pile asteroids. 
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