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Introduction:  Small Near-Earth Asteroids, NEAs, 

can have their spin period modified by the Yarkovsky-
O’Keefe-Raszievskii-Paddack, YORP, effect [1].  In 
addition, many NEAs also have low densities indicative 
of a rubble-pile internal structure [2]. Several rubble-
pile asteroids have been visited by spacecraft missions, 
25143 Itokawa is an S-class asteroid with a mean 
density of 1.9 ± 0.133 gm/cm3 [3], while recently two C-
class asteroids have been visited by spacecraft. Both 
162173 Ryugu and 101955 Bennu have internal 
densities of 1.19 ± 0.02 and 0.13 gm/cm3 respectively 
[4, 5]. While all three asteroids have similar internal 
porosities ~50%, the two C-class asteroids have lower 
densities [3, 4, 5]. 

Previous studies have shown that as an asteroid’s 
spin rate decrease, surface slopes increase and that 
asteroid’s with lower densities are even more sensitive 
to slope changes due to spin [6]. Here, we expand upon 
previous work and focus, in particular on the changes in 
slope between densities of 1-2 gm/cm3 that include both 
C- and S-class rubble piles and focus on how surface 
slope is related to spin period and density for different 
rubble-pile shape models. 

 

 
Figure 1. Shape models of 162173 Ryugu [4], 25143 

Itokawa [3], 6391 1999 KW4 [7], and 101955 Bennu [8] at a 
horizontal resolution of 25 m. 

 
Methods:  We utilize the shape models of Bennu, 

Itokawa, and Ryugu [8, 3, 4] and also include the shape 

model of 6391 1999 KW4 which is an S-class asteroid 
and has an internal density of 1.97 ± 0.24 gm/cm3. KW4 
is also thought to be a rubble pile with internal porosity 
of ~50% [7]. Ryugu, Bennu, and KW4 are all top-
shaped asteroids, while Itokawa has a bilobate shape. 

The shape models of the four asteroids in this study 
had a horizontal resolution of 25 m (Figure 1). We 
calculated the surface slopes for each shape model plate 
with spin periods of 2.2—12 hours and internal densities 
of 0.5—3.0 gm/cm3 using the Werner method for 
calculating the asteroid’s geopotential [9, 10]. 

Results: The mean slope of all four asteroid shape 
models for different spin periods and densities is shown 
in Figure 2. For <8-hour spin periods, the mean slope 
varies considerably with density for densities below 
~1.5 gm/cm3 for all four shape models. More variation 
is seen with asteroid shape above 8-hours. At >8-hours, 
the mean slopes of three spinning-top shapes are fairly 
uniform with different densities and spin periods. The 
Itokawa shape-model, with its bilobate shape, shows 
some variation in mean slope with density above 8—10-
hours but it is considerably less than the 6-hour case.  

Discussion: For the four shape models investigated 
in this study, we found that there is considerable 
variation in mean slope for spin periods of less than 8-
hours, particularly at densities below ~1.5 gm/cm3. This 
has implications when comparing C- and S- class rubble 
piles as observed C-class rubble piles have densities of 
~1.2 gm/cm3 and observed S-class rubble piles have 
densities of ~1.9 gm/cm3. Therefore, we would expect a 
C-class rubble-pile of the same shape as an S-class 
rubble-pile to have surface slopes that are more 
sensitive to spin periods due to YORP. This could result 
in more evidence of mass motion of C-class-rubble-pile 
asteroids that are affected by YORP than similar S-class 
asteroids.  

While only one bimodal shaped asteroid is 
investigated here, we see a much higher sensitivity of 
mean slope to changes in the spin period. This could 
help explain why we see clear lowlands on Itokawa, and 
Ryugu and Bennu have a more uniform surface.  

Conclusions: In this study, we show that asteroids 
with densities below ~1.5 gm/cm3 have surface slopes 
that are more sensitive to changes in spin periods, 
particularly below 8-hours. This has implications for the 
amount of YORP spin-induced downslope motion we 
would observe on S-class and C-class asteroids as we 
would expect C-class rubble-pile asteroids to be more 
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sensitive to changes in the spin period. We have also 
shown that bimodal asteroids may also be more 
sensitive to slope changes due to spin periods, which 
could help explain why Itokawa has clear lowlands. 
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Figure 2. The mean surface slopes for shape models of 66391 1999 KW4 (A), 25143 Itokawa (B), 162173 Ryugu (C), and 

101955 Bennu (D) with horizontal resolutions of 25 m for a range of densities and spin periods. For the three topped shaped 
asteroids (KW4, Ryugu, and Bennu), the mean slope for the 2.2 hour spin period is only below 45° for densities above 2.5 gm/cm3. 

While for Itokawa, the only bimodal shaped asteroid investigated, the mean slope for the 2.2 hour spin period is always above 45°. 
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