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Introduction: We contend that there are two major lines of 

evidence generated from the analysis of Hayabusa samples that 
can be used to test hypotheses on the dynamical evolution of 
Itokawa: (1) The CRE ages of the returned grains and (2) The 
overall physical characteristics of these grains.  

Cosmic Ray Exposure Ages, Tidal Disruptions, and 
YORP? The 2π CRE ages for Itokawa samples from the surface 
and returned by Hayabusa show a young age of ~1 Mya [1,2] 
with an upper limit of ~8 Mya [3]. In addition, the 4π CRE age 
data for ordinary and carbonaceous chondrites demonstrates that 
some chondrite samples were delivered to Earth in a relatively 
short time span of a Myr or less [4]. We pose the following 
questions: (1) Why are the CRE ages for particles found on the 
surface of Itokawa young? (2) Is there a relationship between the 
ages of the Itokawa particles and a process that affected and/or 
affects the evolution of this asteroid such as tidal disruptions or 
Yarkosky-O’Keefe-Radzievskii-Paddack (YORP) effect? (3) Can 
we apply what we have learned from Hayabusa samples to make 
wide-scale predictions about CRE ages of chondritic materials? 

High Energy Environments on Itokawa: Abrasion of 
Grains. Based on their overall general shape, grains returned by 
Hayabusa from Itokawa are divided into two groups: angular and 
rounded [5]. We thus pose two questions related to the rounding 
of grains on airless bodies such as Itokawa: (1) What high-energy 
environments exists or existed that could produce physical 
weathering to round grains on the surface of an asteroid? (2) 
Does the overall physical shape and characteristics of the Itokawa 
particles constrain its dynamical evolution and, by extension, that 
of other asteroids? 

DISCUSSION: We propose that tidal disruptions and 
potentially YORP effect (or both) experienced by Near Earth 
Asteroids may have been recorded by the CRE ages of particles 
from Itokawa and in the young 4π CRE ages found among 
meteorite recoveries on Earth. Thermal fatigue may have 
produced regolith and we speculate that, at least in part, the 
materials returned by Hayabusa were produced thus [6]. We 
further hypothesize that the rounded nature of many particles 
returned by Hayabusa reflect physical weathering due to YORP 
effects and potential movement down slope of particles on an 
asteroid surface. In the future, Hayabusa 2 and the OSIRIS-REx 
missions will return samples from two NEAs, 1999 JU3 and 
Bennu, and we predict that the CRE ages of the returned 
materials will closely match that of CI and CM chondrites [7] and 
that many grains will be rounded from abraision.  
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