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Introduction: Hayabusa2 and OSIRIS-REx space-

crafts recently arrived at their target asteroids respec-

tively, showing us the surface morphology of top-

shaped asteroids in unprecedented detail [1, 2]. More 

surprisingly, there are numerous large boulders ex-

posed on their surface. Boulder size measurements 

indicate that they are too large to be impact ejecta from 

observed craters, suggesting that they may be direct 

fragments from their parent bodies and record the geo-

logical evolution of the asteroid surface. Therefore, 

gleaning information about the way boulders have 

moved on the surface of these top-shaped asteroids 

over time will help us to understand these asteroid’s 

evolution histories and also to decipher the geologic 

clues recorded on these asteroids which might shape 

our Solar System in the past. 

The asteroid’s evolution process during YORP 

spin-up has long been studied, and is being actively 

pursued at present in terms of finite element modeling 

and N-body simulations. Hirabayashi and Scheeres 

(2015) confirmed that a homogeneous spherical body 

should experience failure in its central region at high 

spin rates, while the surface-shedding failure behavior 

is possible for spherical bodies with heterogeneous 

internal structure. Based on Soft-Sphere Discrete Ele-

ment Method (SSDEM), Zhang et al. (2018) found the 

asteroid body can disaggregate into similar-size frag-

ments, which could be a plausible mechanism to form 

asteroid pairs. These studies, however, are all focus on 

the global structure failures. The motion dynamics of 

boulders during the surface regolith migration are still 

not fully understood. 

In this study, we investigate the creep evolution of 

the boulders on granular regolith during the YORP-

induced spin-up. A parallel code capable of simulating 

millions of particles, DEMBody, is implemented in 

order to track the boulder dynamics and regolith re-

sponse in this process [3]. We systematically explore 

the effect of friction and cohesion on boulder dynamics, 

and we find different regolith properties would, to a 

significant degree, determine the motion behavior of 

boulders on regolith surface. 

Simulations: The asteroid interior is represented as 

a rigid shell (about 400min radius) subjected to rota-

tional acceleration, and a longitudinal slice of granular 

layer (about 30 m in thickness) consisting of 2,063,044 

particles is used to simulate the surface unconsolidated 

regolith. Boulders of various sizes initially distribute 

on the surface of the regolith layer.  

Results: The results show that the progenitor turns 

to an oblate shape as the spin rate approaches the criti-

cal limit, in parallel with landslide debris moving from 

the mid-latitude towards the equator. The boulders at 

mid-latitudes are transported downslope by creeping 

grains underneath, and at the same time sink into rego-

lith layer and become tilted, consistent with the obser-

vation of partially buried boulders on Ryugu and Ben-

nu. With the increasing of spin rate, the creep region 

expands towards high-latitudes, leading to the creeping 

down of boulders in high-latitudes; such a phenomenon 

resembles the scarp retreat in geology. However, the 

boulders near pole remain stable and not slipping away, 

which means that the creep region never reaches the 

pole. This result is consistent with the observation of 

the non-slipping polar boulder Otohime on Ryugu. The 

boulders at low-latitudes are totally buried by landslide 

deposition from mid-latitudes. Thus the deficiency of 

large boulders at the equator as observed on Ryugu and 

Bennu can be direct result of YORP-induced landslide. 

The regolith properties also influence the creep dy-

namics of surface boulders. Higher friction and cohe-

sion enhance the robustness of granular force networks, 

thus enlarge the stable region on pole. Interestingly, in 

cohesive case, a steep, rugged cliff emerges in the head 

of the landslide region, reminiscent of the scarps at 

mid-latitudes on Bennu. 
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