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Introduction:  Over the past few decades the 
rubble pile structure of asteroids has become evident, 
based on in situ observations from spacecraft and 
remote observations from optical and radar 
astronomy. This talk and contribution will explore 
the implications of asteroid rubble pile structure for 
their overall evolutionary pathways.   

Formation of Rubble Pile Asteroids: The rubble 
pile structure of asteroids occurs as a result of their 
formation circumstances [1]. At the earliest epochs of 
the solar system, when protoplanetary bodies were 
formed and interacted with each other gravitationally, 
their occasional catastrophic impact would shatter the 
bodies, leaving shards that would then reaggregate 
into the proto-asteroids of the solar system. These 
bodies themselves would sometimes still undergo 
planetary formation processes, due to excess heat 
from radioactive elements, however they would also 
settle into “cold” and non-reactive bodies that would 
preserve the initial materials of the early solar system. 
Such bodies would not remain whole, in general, as 
they are subject to impact with other asteroids, shat-
tering and reforming new bodies over frequent time-
scales. This process has repeated itself in a self-simi-
lar way, creating the current size distribution of aster-
oids. Of particular interest in our current research are 
the resulting rubble pile bodies of size 10-15 km and 
smaller, which are subject to radiative heating effects 
from the sun, which causes a range of evolutionary 
effects [2].  

Geophysics and Morphology of Rubble Pile 
Asteroids: Small rubble pile asteroids exist as a 
unique state of matter. Due to their small size, the 
gravitational forces between components can rival 
molecular forces such as van der Waals [3], turning 
otherwise cohesionless systems into weakly cohesive 
bodies, with important geophysical implications [4].  

In addition to these unique mechanical properties, 
at this small size the effect of solar heating and ther-
mal reemission on their physical evolution becomes 
important and cause the spin states of small asteroids 
to evolve over time scales that are shorter than their 
collisional lifetimes, meaning that these effect begin 
to dominate what their current morphologies are [2].  

The combined outcome of this range of properties 
and effects is to create a population of small bodies 
that undergo complex evolutionary dynamics. This in 
turn results in the wide variety of different asteroid 
morphologies that have been discovered. These in-
clude singly and doubly-synchronous binary aster-
oids, contact binary asteroids, wide-asynchronous bi-
nary asteroids, multiple component asteroid systems,  
asteroid pairs, asteroid clusters, active asteroids, tum-
bling asteroids and asteroids in other peculiar mor-
phologies and states [5].  

 
 

Evolution of Rubble Pile Asteroids: In this talk 
I will attempt to provide a unifying theme for under-
standing how this variety of asteroid morphologies 
can be viewed as the result of a few key driving ef-
fects in combination with rubble pile parameters that 
take on stochastic values in the population.  

The main hypothesis of this study is that all of the 
striking morphologies and types of small asteroid sys-
tems can be spawned from the combination of rubble 
pile structure with non-gravitational thermal effects. 
The real test of such a hypothesis is its ability to pre-
dict new types of asteroid systems – some results 
along these lines are presented as well.  
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