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Abstract 
Catastrophic impacts and other high-energy events 
affecting small-body surfaces organize surface 
boulders and rock fragments more randomly than a 
series of small-scale events such as local low-energy 
impacts, distant larger impacts, and thermal quakes. 
Each of the latter may induce movement of 
individual rocks or localized mass wasting. 
Differences in input energies lead to differences in 
surface effects. This points to a way, using the 
global-coverage, high-resolution images from the 
OSIRIS-REx spacecraft [4], to attempt to glean 
insight into the types and frequencies of processes 
experienced by (101955) Bennu. Here, we look at 
global distributions in the orientations of surface 
rocks, which we will examine as potentially being a 
relic of the processes that Bennu’s surface has 
experienced. 

1. Introduction 
The power that small-scale events have to affect the 
surface depends on many factors including their 
frequency, Bennu’s seismic efficiency, and how 
often their effects are erased by high-energy events. 
By examining the surface for energetic signatures of 
surface-altering events, we hope to be able to say 
more about its history. 

 

Figure 1: Surface region of Bennu and boulder 
counts considered in [8,9], counted by [5] using the 

Small Body Mapping Tool [3] for image taken 1 Dec 
by OCAMS PolyCam [6] (33 cm/px). 

2. First Results 
Using resolved image data from the Preliminary 
Survey mission phase [2], we have examined boulder 
orientation patterns as potential signatures of small-
scale events [8,9]. For a region that spans 20° of 
longitude and about 100° of latitude (around 5% of 
the surface), we counted boulders by fitting ellipses 
[10,5] using the Small Body Mapping Tool [3] (Fig. 
1). This region was chosen to include some specific 
features of interest and may or may not be 
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representative of the surface as a whole. We will 
present on results using much more data, including 
counts that span most of the surface. 

The preliminary dataset shown in this abstract 
suggests a trend for boulders to be oriented with their 
long ends along the north-south direction (Fig. 2, 
cyan), which corresponds to the global sloping 
direction that points towards the equator. Further, this 
figure shows that if we weight the “value” of each 
boulder by its elongation, the case for this 
preferential boulder orientation becomes stronger 
(Fig. 2, purple). Going further, and using the local 
dynamical slopes from the OSIRIS-REx Radio 
Science Working Group based upon shape models 
from the Altimetry Working Group [7,1], we showed 
how boulders align themselves in relation to the local 
dynamic slope. 

Global results that cover much more of the surface 
will be presented and their implications on the types 
of processes that Bennu has experienced will be 
discussed.

 

Figure 2: Boulder orientations relative to the local 
dynamic slope from counts shown in Fig. 1. 

Orientation angle is defined as the clockwise offset 
from perfect alignment with local slope (0°). 

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 
Participating Scientist Program. S.R.S., P.M., and 
M.D. acknowledge support from the Complex 
Systems and Space, Environment, Risk and 

Resilience Academies of the Initiative d’EXcellence 
“Joint, Excellent, and Dynamic Initiative” (IDEX 
JEDI) of the Université Côte d’Azur. M.P. was 
supported by the Italian Space Agency (ASI) under 
agreement no. 2017-37-H.0. P.M. acknowledges 
support from the French space agency (CNES). 
Additional support provided by JSPS International 
Planetary Network. 

References 
[1] Barnouin, O.S. et al.: Shape of (101955) Bennu 
indicative of a rubble pile with internal stifness. Nature 
Geoscience 12, 247–252, 2019. 

[2] DellaGiustina, D.N. et al.: Properties of rubble-pile 
asteroid (101955) Bennu from OSIRIS-REx imaging and 
thermal analysis. Nature Astronomy 3, 341–351, 2019. 

[3] Ernst, C.M. et al.: The Small Body Mapping Tool 
(SBMT) for accessing, visualizing, and analyzing 
spacecraft data in three dimensions. LPSC #49, 2083, 
2018. 

[4] Lauretta, D.S. et al.: OSIRIS-REx: Sample Return from 
Asteroid (101955) Bennu. Space Science Reviews 212, 
925–984, 2017. 

[5] Pajola, M. et al.: The size-frequency distribution of 
boulders > 10 m on asteroid (101955) Bennu: landing 
safety and scientific return. AGU 2018, ab. #P33C-3854, 
2018. 

[6] Rizk, B. et al.: OCAMS: The OSIRIS-REx Camera 
Suite. Space Science Reviews 214, 26, 55 pp., 2018. 

[7] Scheeres, D.J. et al.: The dynamic geophysical 
environment of (101955) Bennu based on OSIRIS-REx 
measurements, Nature Astronomy 3, 352–361, 2019. 

[8] Schwartz, S.R. et al.: A first look at Bennu and Ryugu 
for signatures of formation in the arrangements of its 
surface features, American Geophysical Union Conference, 
abstract #P21A-11, 10–14 December 2018, Washington, 
D.C., United States, 2018. 

[9] Schwartz, S.R., et al.: What can the orientations of 
Bennu’s boulders tell us about its surface evolution?, Lunar 
and Planetary Science Conference, abstract #2132, 2595, 
18–22 March, 2019, The Woodlands, Texas, United States, 
2019. 

[10] Walsh, K.J. et al.: Craters, boulders and regolith of 
(101955) Bennu indicative of an old and dynamic surface. 
Nature Geoscience 12, 242–246, 2019. 


