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Introduction:  Recently a new approach for the  

estimation of survival times of meter-sized rock boul-
ders on the lunar surface was suggested [1]. It is based 
on consideration of the spatial density of the boulders 
on the rims of small lunar craters whose age was de-
termined by isotopic studies [e.g., 2-5] or estimated 
from the crater morphology and size [e.g., 6,7] (Figures 
1 and 2).  

 
Figure 1. LROC NAC images of 100x100m areas on the rims 
of craters of different absolute age (lower left).NASA/ASU 

 
Figure 2. The rock boulder spatial density on the crater rims 
as a function of crater age (modified from Fig 6 of [1]. 

It can be seen from Figure 2 that for the time of 
boulder exposure on the lunar surface of a few millions 
of years, only a small fraction of the boulder are de-
stroyed; for the time of several tens of million years ~ 
50%, are destroyed, and for times of 200-300 m.y. ~90 
to 99% of original boulder population is destroyed. As 
it was shown by [8] the destruction is catastrophic due 
to impacts of relatively small meteoroids. The role of 
micrometeorite abrasion is minor. 

Application to Itokawa rock boulder fields:  In 
this work we apply the new estimates of lunar boulder 
survival time to the boulder population on asteroid 
Itokawa. The latter has rocky areas which probably 
record the event of catastrophic destruction of the par-
ent body and smooth areas which are apparently similar 
to the Eros ponds [e.g., 9, 10] (see Figure 3)  

 
Figure 3. A Hayabusa image of a rocky area on asteroid 
Itokawa, where the spatial density of boulders ≥2 m was 
determined (see Figure 4). 

We have counted rock boulders with diameters 
from 2 to 5 m and put the resulting size frequency dis-
tribution on the diagram where results of crater counts 
on the rims of the lunar craters South Ray and Cone, 
having ages 2 and 26 m.y. respectively, are shown 
(Figure 4). Our crater counts have been compiled on a 
rather small area, ~2000 m2, so their representative 
nature may be insufficient. For higher reliability we 
also use the results of counts of the spatial density of 
blocks >6 m and >10 m done by [10] for the whole 
surface of the asteroid. 
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Figure 4. A diagram showing cumulative frequency of rock 
boulders on the rims of lunar craters South Ray (Apollo 16 
site) and Cone (Apollo 14 site), ina relatively small rocky 
area on asteroid Itokawa and on the whole surface of this 
asteroid [10]. 

It is seen in Figure 4 that the rock boulder frequen-
cies on asteroid Itokawa are close to those for the 
rocky surfaces of very young lunar craters. If we as-
sume that rock boulders on Itokawa are being de-
stroyed by the same process as lunar boulders are (by 
catastrophic rupture of boulders by small meteorite 
impacts), then we may use the observed boulder fre-
quencies on Itokawa to estimate the time of their expo-
sition to meteorite impacts.  

For that we need to compare the effectiveness of 
such catastrophic rupture on the Moon and Itokawa. 
This effectiveness depends on the meteorite flux and 
on meteorite impact velocities. These issues were dis-
cussed by [11] who considered the Mars/Moon crater 
production rate ratio, averaged over time, and found 
that the meteorite flux in the vicinity of Mars is about 
twice higher than in the vicinity of the Moon (for 
impactors originating in the asteroid belt that are re-
sponsible for craters larger than a few tens of meters 
[12]). Later work [13] generally confirms this value. 
The orbit of asteroid Itokawa in its perihelion is inside 
the orbit of Mars while in its aphelion extends beyond 
Mars orbit and the mean orbital speed of Itokawa is 

25.37 km/s while this parameter for Mars is 24.007 
km/s. The latter similarity means that the meteorite flux 
on Itokawa is close to that in the vicinity of Mars and is 
twice higher than on the Moon. 

To consider another factor, velocity of impacts, we 
computed meteor impact velocities in the vicinity of 
the Earth's orbit, the orbit of Mars and at the semimajor 
axis of Itokawa. From these three sets of intersections 
we computed a mean velocity that combines all inter-
section inclinations.  Lastly, we combined the mean 
velocities for each region of space and compensated 
for the percentage of the time that Itokawa orbits in 
that space. Our calculations showed that a mean meteor 
impact velocity for Itokawa is 6.8 km/s. For the Moon 
according to [11] the mean meteorite impact velocity is 
16.2 km/s, a factor 2.38 times higher than that for 
Itokawa. 

So, the meteorite flux on Itokawa is about a factor 
of 2 higher than on the Moon but the mean meteorite 
impact velocity on Itokawa is a factor of 2.38 lower 
than on the Moon; this means that the energy of mete-
orite impacts on Itokawa is (2.38)2 = 5.7 times lower 
than that on the Moon. So in total, the effectiveness of 
boulder rupture by meteorite impacts on Itokawa 
should be about 2.5-3 times lower than on the Moon. 
This means that the survival times of meter-sized boul-
ders on Itokawa should be longer than those for the 
lunar boulders by a factor of 2.5-3. These comparisons 
are valid if one considers boulder destruction only by 
meteorite impacts. There is another potential factor of 
boulder destruction: sharp day-night changes of surface 
temperature. The effectiveness of this factor on 
Itokawa and the Moon is unclear.  

Summary: The meter-sized boulders on Itokawa 
should have a survival time 2.5-3 times longer compar-
ing to similar boulders on the lunar surface. Thus, the 
observed frequency of Itokawa boulders, which is in 
between the frequency of boulders observed on the 
rims of craters of 2 and 26 m.y. old, may suggest that 
the Itokawa rock fields are not older than 5 to 75 m.y. 
ago and this may be the time of break-up of the 
Itokawa parental body.  
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