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Introduction:  S-type asteroids are covered with a 

considerable number of boulders [1-2]. These boulders 
are thought to have been formed through continuous 
impact events [1-2]. However, data from the Hayabusa 
mission implies that the S-Type asteroid Itokawa is 
covered by too many boulders to be explained by this 
process  [3-7]. Furthermore, regolith on Itokawa show 
evidence of sorting and migration, indicating a state of 
global gravel convection [5]. For this reason, the sur-
face and subsurface material may be well mixed, thus 
the surface environment represents the subsurface 
structure in some degree [5]. 

The surface of Itokawa is dominated by two dis-
tinctive regions, a rough and a smooth terrain. To fully 
understand the nature of these features, we mapped 
and characterized all rock materials, using high-
resolution images.   

Method:  High-resolution images of Itokawa cover 
the terrains, as well as their transition zone, and a cra-
ter-like circular feature called Woomera [6-7]. The key 
images are shown in Fig.1. For comparison, we also 
use high-resolution images of Eros, whose surface 
environment is considered to be well understood.  

We manually mapped the rock materials, because; 
(1) the boulders have complicated shapes, (2) they 
over lap each other, and (3) the solar conditions in 
each image vary significantly [5-7]. To identify bould-
ers, we used the following criteria; (1) define the out-
line of a rock where the brightness value significantly 
changes, (2) change the brightness to improve clarity, 
and (3) approximate the ‘hidden part’ of the partly 
covered material, assuming that the shape is bilaterally 
symmetric. The data set includes, the dimension: the 
long axis and short axis. 

Fig1 ; The key images used for mapping. These images are divided into three groups. a-d are representatives for the rough 
terrain (ST_2539444467, ST_2539451609, ST_2539437177, and ST_2558581440), i-j are for the transition zone 
(ST_2539429953 and ST_2530297837), and k-m cover a region called Woomera (ST_2516398095, ST_2516282879, and 
ST_2530297837). Close-up images of these areas with margins of boulders mapped are also shown (e-h). We also mapped 
five images of Eros for comparison. 
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Results:  In total we observed ~20,000 particles of 
rock materials, whose sizes are ranging from sub cm to 
~10 meter. The cumulative size frequency distribution 
plots (CSFD-plots) for Eros have a log-log slope of -
2.0 ± 0.2, matching the size distributions of fragments 
from laboratory impact experiments, and additionally 
supporting their putative impact origin [1-2].  

The CSFD-plots for Itokawa, show a different 
trend for each region group. The slope values of the 
images representing the rough terrain show a mismatch 
between the low resolution image and the high resolu-
tion images, while other regions do not.  

Discussion:  The regolith observed in the rough-
terrain on Itokawa show a strong degree of alignments, 
with no isolated cobbles on top of boulders [5]. In cra-
ter analysis, a state of craters over lapping each other is 
well above empirical saturation, where ordinary 
CSFD-plots tend to hide the ‘true value’ of the slope 
index [8]. We modify the plotting process to eliminate 
this effect, which improved the results, demonstrating 
the effect of imbrications. 

In order to test whether these new slope values are 
representative, we estimated the degree of embayments 
theoretically. When a group of rock materials follow-
ing a single power-index size distribution is randomly 
placed in a closed area, the pseudo-size-distribution by 
simple counting does not always show the trend ob-
served in this study. The quality and quantity of the 
mismatch depends largely on the order of the rock 
placement (i.e. smaller upon larger, or the reverse). 
The pseudo-size-distribution is only in good agreement 
with the observed when the order of placement is from 
smaller to larger. This matches the conditions in the 
images. Therefore, the results are representative. 

This evidence for boulder imbrications strongly 
implies the regolith layer to be vertically-sorted [5]. 
The fact that Woomera still contains relatively smaller 
rock materials can be explained by its potentially qua-
si-stable location [5,9]. The floor of Woomera was 
covered by gravel migrating from the surroundings 
after crater excavation, similar to the putative creation 
of ponds observed on Eros [1-2,5,11]. The transition 
zone may be an exposure of the well-sorted subsurface 
laminar structure, such as impact crater rims 
representing that of the surroundings [12].  

These results support the idea of the existence of a 
gravel layer globally spread beneath the rough terrain, 
partially exposing itself as smooth terrain on gravita-
tional lows. The well sorted rough terrain and this sub-
surface layer can be explained by a long period of 
seismic shaking induced by impact events [5,9,11]. 
The gravel convection may have pushed the larger 
rock materials to the surface while the smaller migrate 

beneath them (i.e. the Brazil nut effect), resulting in 
formation of a dichotomic surface characteristics. 

Conclusion:  We analyzed the asteroid 25143 Ito-
kawa in order to assess the nature and structure of the 
surface material. Detailed geological mapping was 
performed using the high-resolution images. Results 
show that the variance in the cumulative-size-
frequency-distribution plots can be explained by as-
suming a global inverse graded regolith layer. This 
layering was likely created through a long period of 
seismic shaking induced by impact events after the 
disruption and reaccumulation of the parent body.  
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