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Introduction:   
 

OSIRIS-REx’s Detailed Survey imaging campaign 
using the PolyCam instrument, part of the OSIRIS-
REx Camera Suite (OCAMS) [1], has returned images 
of the surface of (101955) Bennu with pixel scales 
down to 1 cm/pixel. The unprecedented resolution of 
these images have revealed clearly-resolved cavities on 
Bennu’s smoothest boulders. These cavities are near-
circular in shape and have diameters that range from 6 
cm to 1 m. We have begun to catalog these cavities in 
orbital images, and have found more than 100 boulders 
that exhibit at least 1 of these features on their surface. 
 
Signatures of Bennu’s impact history: 
 

The likely mechanism for the creation of these cav-
ities is impacts on Bennu by a population of small im-
pactors. We find that the number of cavities per unit 
area varies by boulder. It may indicate a variable sur-
face exposure age for the boulders, different strengths 
against impacts for the boulders, or an alternative pro-
cess for their creation.  

Assuming these cavities are created by impacts, 
they represent miniature craters (mini-craters) generat-
ed by the impactor population located at Bennu’s cur-
rent location near Earth and its past orbit, possibly in-
cluding Bennu’s past residence in the main asteroid 
belt. By measuring the size frequency distribution 
(SFD) of these mini-craters, we will have a new as-
sessment of Bennu’s dynamical history through direct 
comparison to the inter-planetary micro-meteorite 
population near Earth, which has been determined 
from the Apollo lunar rock samples (see [2]), lunar 
impact monitoring [3,4], and the Long-Duration Expo-
sure Facility [5] and to the modeled main-belt impactor 
flux [6].  

The preliminary counting of mini-craters on Ben-
nu’s boulders has been limited to smooth boulders that 
have flat surfaces, where these features are the most 
apparent. Detections of candidate impact features on 
Bennu’s hummocky boulder population are ambiguous 

as the scales of the mini-craters (10’s of cm) appear 
similar to this population’s surface roughness. There-
fore, we limit our analysis to mini-craters found on 
smooth brighter boulders.  

For the same impactor population (similar impactor 
densities and collision speeds), the size and shape of 
craters on boulders are controlled by the size of the 
impactor and the target boulder’s material properties 
such as density, yield strength, and porosity [7,8]. 
Therefore, limiting our analysis to boulders with simi-
lar morphologies allows us to better constrain the 
properties of the impactor population. 

We measured the diameters of cavities ranging 
from 3 cm (3x the pixel scale) up to 30 cm, and the 
surface areas of the individual boulders by outlining 
the exposed surface with polygons. Our preliminary 
measurements of the diameters of the mini-craters on 
boulders suggests that the cumulative SFD exponent of 
these mini-craters is -2.36 (Fig. 1), which is very simi-
lar  to the SFD  exponent of lunar impact flashes re-
ported in [4], -2.28.  

 
Fig. 1. Cumulative size frequency distribution (SFD) 
of mapped cavity diameters on flat smooth boulders on 
Bennu. The best-fit power law exponent of the SFD is 
similar to that of lunar impact flashes [4].  
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Clocks on Bennu’s surface:  
 

The detailed comparison of the surface density of 
mini-craters on these boulders with their location on 
Bennu may provide us with a new way to provide rela-
tive ages of different regions of the surface. This can 
be used as a basis of comparison or calibration point  
to alternative approaches, such as an assessment of the 
small crater population, [9] or space-weathering on 
Bennu’s surface [10]. Our findings may eventually be 
validated by analyzing the cosmic ray exposure ages of 
the returned sample  
 
References:  
 

[1] Rizk, B., et al. (2018) Space Science Reviews, 
214, 55 pp. [2] Grün, E. et al. (1985) Icarus, 62, 244-
272. [3] Suggs, R.M., et al. (2014) Icarus 238, 23-36. 
[4] Avdellidou, C. & Vaubaillon, J. (2019) MNRAS, 
484, 5212-5222. [5] Zolensky, M. et al. (1995) Adv. 
Space Res., 16, 53-65. [6] Bottke, W.F. et al. (2005) 
Icarus, 179, 63-94 . [7] Nakamura, A.M. (2017) Plane-
tary & Space Science, 149, 5-13. [8] Flynn, G.J., et al. 
(2019) MetSoc 82, 2157. [9] Walsh, K.J., et al. (2019) 
Nature Geoscience, 12, 242-246. [10] Trang, D. et al. 
(2019) LPSC 50, 2172.   

 
Acknowledgements: 
 
This material is based upon work supported by 

NASA under Contract NNM10AA11C issued through 
the New Frontiers Program and from Grant no. 
80NSSC18K0226 as part of The OSIRIS-REx Partici-
pating Scientist Program. Michel, Schwartz, and Delbo 
acknowledge support from CNES and IDEX JEDI of 
the UCA. We are grateful to the entire OSIRIS-REx 
Team for making the encounter with Bennu possible. 

 

2123.pdfAsteroid Science 2019 (LPI Contrib. No. 2189)


