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Introduction: The Origins, Spectral Interpretation, 

Resource Identification, and Security–Regolith Ex-
plorer (OSIRIS-REx) spacecraft recently encountered 
the near-Earth asteroid (101955) Bennu. In preparation 
for sampling and returning material from the surface of 
Bennu, imaging and laser altimetry observations are be-
ing used to construct shape models for the asteroid. Here 
we use topography derived from the shape and the geo-
potential to calculate the surface roughness of Bennu at 
horizontal scales of 5 and 10 m. 

Surface roughness provides a quantitative metric 
that allows different regions on the same asteroid to be 
compared with each other, and permits comparisons of 
the surfaces of different asteroids at the same horizontal 
scale. Previous studies of Eros and Itokawa found that 
surface roughness is well correlated with geologic fea-
tures such as boulders and craters and gives insight into 
the geologic history of each body [e.g., 1, 2, 3]. 

Method: During proximity operations at Bennu, 
shape models will be generated from both Stereophoto-
clinometry [SPC, 4] and the OSIRIS-REx Laser Altim-
eter (OLA) data.  Here we report surface roughness 
measured from an early SPC shape model with a hori-
zontal resolution of 3 m based on data from images col-
lected in Nov and Dec of 2018. We generated north-
south and east-west topographic profiles derived from 
the shape model and calculated the surface roughness as 
RMS (root-mean-square) deviation [5] using baselines 
(horizontal scales, L), of 5 and 10 m. 

Results: Figure 1(a-d) shows maps of the surface 
roughness of Bennu at the 5 and 10 m baseline projected 
onto the shape model. The surface roughness at both 
baselines shows substantial spatial variations.   

The highest surface roughness values are found at 
and near the equator (Fig. 1 (e)), in association with 
Bennu’s equatorial ridge. Preliminary analysis suggests 
that the surface roughness is spatially correlated with 
boulder density. Latitudinal surface roughness shows a 
tentative N/S hemispherical difference in surface rough-
ness. The surface roughness maps shows a  lower sur-
face roughness in the southern hemisphere relative to 
the N at the 5 m baseline.   

On (25143) Itokawa, longitudinal variations in sur-
face roughness are substantial and may contribute to the 

mismatch between observed and predicted YORP [3,6]. 
On Bennu, we find no clear pattern in longitudinal sur-
face roughness at these baselines.  

Discussion: The spatial relationship of surface 
roughness with boulders is consistent with past studies 
of the surface roughness of Itokawa [3] and (433) Eros 
[2]. The elevated surface roughness of Bennu’s equato-
rial ridge is not seen on (162173) Ryugu at similar base-
lines [7]. While some regions of elevated surface rough-
ness are associated with individual large boulders, other 
such regions are associated with a high spatial density 
of large boulders.  

As we calculated the surface roughness from north-
south and east-west profiles, we can investigate whether 
the surface roughness has any directionality, which may 
have implications for downslope motion of material or 
preferential lineament direction.  We observe a slight in-
crease in surface roughness  (~0.2 m) in the east-west 
maps at 5 m compared to the north-south maps. The el-
evated east west  surface roughness may be due to the 
north-south lineaments observed in the shape model [8]. 

Conclusions: We have quantified the surface rough-
ness of Bennu at baselines of 5 and 10 m using an SPC 
model from the Approach and Preliminary Survey 
OSIRIS-REx mission phases. We find that the surface 
roughness of Bennu exhibits latitudinal variations, with 
larger values in the equatorial region.   Furthermore, the 
surface roughness is often highest around large boul-
ders.  

Acknowledgements: This material is based upon work 
supported by NASA under Contract NNM10AA11C issued 
through the New Frontiers Program. 

References: [1] Barnouin O. S. et al., (2008) Icarus, 
198, 108-124. [2] Susorney H. C. M. and Barnouin O.S. 
(2018) Icarus, 314, 290-310. [3] Susorney H. C. M. et 
al., (in review) Icarus. [4] Gaskell R. W. et al., (2008) 
Meteoritics & Planet. Sci., 43, 1049-1061. [5] Shepard 
et al. (2001) J. Geophys. Res. 106, 32777-32796. 
[6]Lowry S. C., et al., (2012) A&A, 562, A48. [7] Bar-
nouin O.S. et al., (2018) AGU Fall Meeting Abstracts, 
P33C-3835.[8] Perry M. E. (2018) AGU Fall Meeting 
Abstracts, P33C-3853. 
 

1429.pdf50th Lunar and Planetary Science Conference 2019 (LPI Contrib. No. 2132)



 
 
Figure 1. Surface roughness of Bennu derived from topography based on an SPC shape model.  Roughness at hori-
zontal baselines of (a,b) 5 m and (c,d) 10 m are shown with the same color range.  (e) Latitudinal and (f) longitudinal 
surface roughness profiles, calculated by averaging the surface roughness in 5-degree latitude and longitude strips.
 

a. b.

f.e.

c. d.
L = 10 .

L =  5 .

N

1429.pdf50th Lunar and Planetary Science Conference 2019 (LPI Contrib. No. 2132)


