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The advent of near-Earth asteroid (NEA) encounters with spacecraft has provided a view of planetary

surfaces evolving on the smallest objects yet explored. The arrival of OSIRIS-REx and Hayabusa2 at their

target asteroids (101955) Bennu, with average diameter (d) = 0.49 km, and (162173) Ryugu (d = 0.90

km), revealed cratered top-shaped worlds with signs of surface mobility [1, 2]. Compared to larger

planetary bodies, Bennu and Ryugu’s small sizes and gravities challenge the conventional understanding

of surface modification mechanisms, such as the redistribution of boulders on the surface or the erasure

of craters. 

 

On the larger NEA (433) Eros (d = 16.8 km), boulders were spatially correlated with impact craters, which

degrade through impact-induced seismic shaking [3]. However, our poor understanding of rubble-pile

interiors [4], combined with processes that operate more efficiently on smaller NEAs (such as thermal

re-radiation torques, i.e., the YORP effect [5]), introduces new complexities to understanding surface

mobility on Bennu and Ryugu. 

 

Here, we first present evidence of a dynamic surface on Bennu and Ryugu. Then, we present an analysis of

the dynamical processes that may dominate the surface modification of small top-shaped NEAs. We

model the redistribution of material on the surface due to different input energy sources: i)

impact-induced seismic shaking, ii) YORP spin-up, iii) impact cratering, and iv) planetary encounters. We

use a combination of techniques that allows us to approach the problem at multiple length and time

scales. The first step models the global effect of the energy sources using analytical techniques. In the

second step, we model the fine grain scale interactions in a microgravity environment in short timescales

using a particle dynamics code [6,7]. Finally, we propagate the accumulated effect of the fine-scale

interactions by integrating individual surface modifications over the typical timescale of each individual

process. The results are used to assess which of the above listed mechanisms are the most effective at

transforming small NEA surfaces. 
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