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Abstract. The physics of asteroids has transitioned greatly in the past several years. It is 
now accepted that most smaller asteroids, down to perhaps ~100 m diameter, are rubble 
piles. Part of this is direct observation – images of blocky Itokawa, only ~300 m average 
diameter (Fujiwara et al. 2006), and an array of density measurements for many asteroids 
that point towards rubble porosity. Collisional modeling studies over the past 20 years 
have also led to this conclusion, that most asteroids from ~100 m to perhaps ~100 km 
diameter are piles of boulders and rocks and dust, perhaps similar to lunar regolith. 
 It is far from certain knowledge, but if true it leaves two primary questions: how 
small is the transition between rubble piles and monoliths?  Surely rocks 10 cm across 
can’t be rubble piles… And how large is the transition between rubble piles and original 
bodies – between the reaccreted fragments from reaccreted fragments from ultimate 
parent bodies, that is, and the primary bodies that are too large to have been ever 
disrupted?  Does either transition take place over a narrow size range, or vary with type? 
 Vesta appears to be an undisrupted parent body – it has a hemispheric crater, but its 
crust is more or less intact.  Itokawa seems to be a rubble pile.  What about ~100 km 
diameter Lutetia, visited by the Rosetta mission (Coradini et al. 2011)?  Do we see it as it 
formed ~4.6 billion years ago, or has it been catastrophically destroyed in some way and 
reassembled?  Density suggests the former (Elkins-Tanton et al. 2011). The purpose of 
this talk is to review these important debates with an emphasis on the mechanics. 
 
 
Right: ~100 km diam. Lutetia (A. Coradini et al. 2011, Rosetta flyby, ESA) 
Left: ~0.3 km diam. Itokawa (A. Fujiwara et al. 2006, Hayabusa sample return, JAXA) 
Background: Surface of ~20 km diam. Eros (J. Veverka et al. 1999, NEAR rendezvous, NASA) 


