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Introduction: One of the most enigmatic small 

bodies in the solar system might be Atlas and Pan 

because both of these saturnian inner small satellites 

show somehow flying saucer-like shapes composed of 

inner circular core and a surrounding equatorial ridge 

[1] (Fig. 1). Previous work proposes that the ridges of 

Atlas and Pan are kilometers-thick piles of the 

saturnian ring-particles [2]. This is consistent with the 

low density of Atlas (as low as 460kg m
-3

) because the 

low density likely indicates this satellite as a rubble 

pile [1]. Also, the observed density is close to the 

critical density of Atlas (~410 kg m
-3

), which is the 

density that entirely fills the satellite’s Roche lobe [1]. 

Thus, ring materials can no longer accrete onto the 

satellite under its self gravity because the increment in 

volume of the satellite’s Roche lobe is smaller than the 

increment of the satellite’s volume in condition that the 

density of accreting material is less than the critical 

density. The densities of Pan and Daphnis might be 

explained in the same way.  

On the other hand, the unusual smoothness of the 

surface of Atlas (Fig. 1) remains unexplained. For ex-

ample, the crater has not been reported on the surface 

of Atlas. Charnoz et al. reported equatorial regions 

(<30° south latitude) have a very smooth surface and 

no structure down to pixel resolution [2]. This is sur-

prising because craters are expected to be formed dur-

ing the accumulations of particles from the A-ring. 

On the lunar surface, fine particles are observed to 

be levitated by the Coulomb force when the particles 

are electrically charged through photoelectric effect 

[e.g., 5]. This phenomenon is called the dust levitation, 

which was suggested to occur also on a small asteroid 

[e.g., 6, 7]. Although possibilities of dust levitation has 

been pointed out for ring particles of the Saturn system 

[e.g., 8, 9], no study has critically investigated if dust 

levitation plays a significant role in the Saturn system. 

In this paper, we focus on the electro-static state on the 

surface of Atlas and propose that dust levitation is a 

major resurfacing process of this small icy satellite.  

Unusually-smoothness: The deficiency in a crater 

likely indicates that (1) Atlas has never experienced an 

impact after its accumulation; (2) the structure of Atlas 

is too fragile to form a crater; (3) the rubble-pile struc-

ture of Atlas efficiently absorb the momentum of im-

pacts to prohibit formations of craters as suggested for 

Itokawa [8]; or (4) some kind of surface process exists 

to erases craters. We consider (1) is unlikely because 

(i) the radio occultation experiment of Voyager indi-

cates that A-ring is abundant in particles larger than 

meter-size [e.g., 11], (ii) the global shape of Atlas is 

expected to be developed at the time of accumulations 

if no other surface process is active, and (iii) other 

small satellites near the A-ring, such as Pandora and 

Prometheus, have numerous craters on their surfaces.  

We identify a circular structure in this image, where 

we interpret as a crater because of the following rea-

sons; (i) it is a circular feature of higher brightness, 

which imply the existence of a circular mound; (ii) the 

brightness value of the circular mound appear to be 

constant along the illumination direction, which indi-

cates the reflection angles of the mound (and thus the 

overall elevations) are the same; (iii) the center of the 

circular mound is in the shadow, which indicates the 

existence of depression. We consider this finding is 

important because we can rule out the possibility of (2) 

and (3) in the above discussion. Therefore, the defi-

ciency in crater likely suggests that some sort of crater-

erasing process has been active on the surface of Atlas. 

Analysis: The surface of a solid body without at-

mosphere, such as an asteroid and the Moon, is 

charged positively because electrons are emitted by 

photoelectric effect [3]. This positive charge is then 

neutralized by electrons provided from solar wind 

plasma. The case of Atlas is somehow different; the 

solar wind plasma is shut out by saturnian magnetos-

phere, while the positive charge on Atlas is neutralized 

by electrons provided by saturnian plasma. Thus, the 

electric charge at the surface of Atlas can also achieve 

the equilibrium state balanced between the supplement 

of electron of saturnian plasma and the photoelectron 

emission. We determine the regions where dust levita-

tion can occur in the saturnian system and estimate the 

largest size of particles that can migrate under the con-

ditions of the surface of Atlas, by following the theoret-

ical model of Colwell et al. (2005) [5]. As a result our 

calculation, a dust particle, whose radius is smaller 

than ~3.9μm, can migrate in the suspension mode on 

the surface of Atlas. Even a larger particle, whose ra-

dius is smaller than ~14.4μm, can migrate in the salta-

tion mode.   

Discussion: In the dayside, at least the upper-most 

portions of the particles covering the surface of Atlas 

become electro-statically unstable and may migrate 

either by levitation and/or saltation. Although such 

phenomena occur only at an extremely thin layer near 

the surface, the period of revelation of photon in the 

summer hemisphere of Atlas is considerably long (as 

long as ~10years) because the equator inclination of 

Saturn is 25.33 degrees and that the orbital inclination 

of Atlas is 0.0. Thus, dust particles can levitate for a 
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considerably long time in the summer hemisphere. On 

the other hand, in the winter hemisphere all of the par-

ticles should be settled to the surface. Therefore, a dust 

layer accumulates the particles to increase its thickness, 

which contrasts to the slowly-eroding dust layer in the 

summer hemisphere. 

Migrations and depositions of particles may have 

active cyclically for long enough period to completely 

bury geological features on Atlas. If we assume only 

the uppermost particle can migrate in one saturnian 

season (10 years), the thickness of a mobile layer per 

one season is as thick as the typical particle size (say, 

~4 μm). Thus, at an erosional area, particles may be 

eroded at the rate of 4 μm per 10 years. This rate might 

be fast enough to erase all of the craters on Atlas. Di-

ameters of craters on Atlas cannot be larger than ~10 

km because the average diameter of Atlas is 30 km, 

which indicates that Atlas cannot hold a crater larger 

than ~10 km in diameter unless being disrupted [10]. 

Assuming that the diameter-to-depth ratio of a crater is 

10 to 1 [10], the depth of a large crater, say 1km in 

diameter, is likely ~100 m. The volume of particles 

needed to bury such crater is not that large; it is equiva-

lent to a column of 5 km in diameter and only 4m in 

depth. Thus, if the above rate, the 4m depth may be 

migrated in only ~10,000,000 years. In other words, 

even a large craters on the surface of Atlas can be 

erased in every tens of millions years. 

Conclusion: Migrations of materials are generally 

limited due to the lack of endogenic processes (or even 

internal heat), water, and atmosphere. On the other 

hand, migrations of materials are considered to be a 

major surface process on the surface of a small body. 

For example, on Eros and Deimos, surface materials 

are redistributed by processes related to an impact cra-

tering, including re-depositions of ejecta materials and 

migrations of particles due to seismic shaking [e.g., 13, 

14]. Dust levitation has been regarded as a minor sur-

face process on the Moon and an asteroid, Eros, but 

has never been considered as a major resurfacing 

process on a solar body. However, our geological and 

theoretical investigations collectively indicate that the 

dust particles on Atlas accumulated from A-ring can be 

electro-statically unstable on the surface of Atlas. 

While the overall formation of the shape of Atlas is 

well explained by the models proposed by previous 

work [1, 2], our model can additionally explain the 

smoothness of Atlas. Atlas, the saturnian inner small 

moon, may be the firstly-recognized body, whose re-

surfacing process is dominated by dust levitation. 
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Figure 1. Atlas's trailing hemisphere seen at ~1km/pixel (left) and southern hemisphere seen at ~250m/pixel (right). 

Geologic continuity in the smoothness between the polar and the equatorial regions can be seen. the surface 

smoothness, as well as the deficiency in shadows even at the areas of large illumination angles, likely indicates 

that the surface of Atlas is covered by small particles. (PIA08405) 
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