
Whole Lotta 
Shakin’ Goin’ 
On 

When the Near Earth Asteroid Rendezvous 
(NEAR) Shoemaker orbiter concluded its mis-
sion in February 2001, it did so in dramatic fash-
ion. Flight engineers gently “landed” the craft 
onto the 33-kilometer-wide asteroid 433 Eros 
(S&T: May 2001, page 34). What they saw en 
route was striking. As NEAR’s cameras inched 
closer, they resolved features as small as 1 cen-
timeter across. 

At that unprecedented scale, scientists discov-
ered a surprisingly smooth world. Eros has unex-
pectedly few craters smaller than 100 meters 
across, and many of those appear eroded. Its 
surface is littered with loose regolith and large 
boulders, and piles of debris pool at the base of 
steep slopes. 

James E. Richardson, H. Jay Melosh, and 
Richard Greenberg (University of Arizona) set 
out to learn how the surface got that way. After 
testing several models, they believe the answer is 
seismic shaking from meteorite impacts. Their 
findings are published in the November 26, 2004, 
issue of Science. 

The rationale for seismic activity is threefold. 
First, because Eros is relatively small, a 2-meter-
wide impactor is all that’s necessary to trigger a 
global “asteroidquake.” Models suggest that it 
would take a rock between about 1 and 1 {1/2} 
kilometers (0.6 and 0.9 mile) across to break 
apart the potato-shaped asteroid. Anything in 
between will shake the “topsoil” on an 
asteroidwide scale. 

Eros’s diminutive size also means it has a very 
low surface gravity (no greater than 0.001 Earth’s 
gravity at sea level). It doesn’t take much shaking 
to destabilize any surface debris, and Eros’s 
small size also nicely explains the debris aprons 
found at the base of crater rims and other steep 
slopes.  

The third reason surrounds Eros’s physical 
structure and composition. The asteroid is 
thought to be a fractured monolithic body made 
of dry, silicate rock. Models suggest that such a 
body should dissipate seismic energy very slow-
ly. When Eros is hit, it shakes for a long time.  

Others note that all that shaking also explains 
why so many boulders litter the surface. The 
effect is like shaking a can of mixed nuts and 
finding that the larger Brazil nuts “float” to the 
top.  

To reach its conclusion, the team modeled an 
Eros-like body and calculated “synthetic seismo-
grams” for a given impact. After determining 
what effect a globally averaged seismic signal 
had on the regolith layer, the scientists showed 
that impacts would, over time, erase craters and 
produce the features we see today on the asteroid. 

Seismicity isn’t the only possible explanation, 
however. Some scientists believe that processes 
within the asteroid belt have winnowed the sup-
ply of small impactors available to make craters. 
Others suggest that because Eros’s gravity is so 
low, electrostatically charged dust levitates above 
the surface, coats its environs, and erases small 
craters. While Richardson believes that electro-
static transport does happen, he thinks it’s unlike-
ly that it erases craters at a rate faster than im-
pacts occur. There is also a subtle difference in 
the crater appearances on Eros — seismic shak-
ing gives impact sites a “softer” eroded look, 
while the charged-particle transport mechanism 
is primarily visible as “ponded deposits” that 
look like mud puddles. Moreover, the ponded 
deposits tend to be clustered around locales 
where the most solar flux is found and where 
local surface gravity is the lowest. They are not 
asteroidwide. 

The idea that impact-induced seismic activity 
can modify asteroid surfaces has been around 
since the Viking orbiters took a close look at 
Mars’s moons, Phobos and Deimos, says Rich-
ardson. “The NEAR mission added many more 
pieces of evidence. My goal was to advance our 
understanding of this phenomenon to a much 
higher degree.” 

— D. T. 
 


