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teroid Rendezvous (NEAR) probe will orbit 
and inspect an S-type asteroid. 

Asteroid s~ecialists have long sus~ected 

Small Asteroids Point to a 
Source for Meteorites 

- 
that some kind of weathering process might 
be giving S asteroids a deceptive reddish 
tint. So they have aimed their telescopes at 
the smallest S-types, reasoning that because 
smaller asteroids are more likelv to be 
blasted to smithereens in a collision with 

New observations of the commonest asteroids suggest that, beneath a another asteroid, their life-spans should be 
reddish cloak, they are made of the same stuff as ordinary meteorites shorter, giving the rigors of 

Rocks by the ton fall to Earth every year, and 
yet no one knows where most of them come 
from. The asteroids that swarm between 
Mars and Jupiter have long been the prime 
suspects, but 95% of meteorites don't match 
any particular asteroid or even any general 
asteroid type. Last week's flyby of asteroid 
Braille highlighted a rare exception (see p. 
993), but efforts to link the most common 
meteorites-so-called ordinary chondrites, 
thought to be made of primordial solar sys- 
tem material-to the most common type 
of asteroid, the S-type, have come up dry 
(Science, 6 September 1996, p. 1337). At 
last month's Asteroids, Comets, and Meteors 
meeting in Ithaca, New York, however, as- 
tronomers presented the best evidence yet 
that S-type asteroids are just big chunks of 
ordinary chondrite after all, cloaked in some 
way that hides their true nature. 

Seen in the telescope, the subtle reddish 
cast of S-types looks nothing like the gray 
of chondrites. But at the meeting, as- 
tronomers Michael Hicks and David Rabi- 
nowitz of the Jet Propulsion Laboratory in 
Pasadena, California, reported that the 
smaller the S asteroid, the more its color re- 
sembles that of ordinary chondrites. Be- 
cause smaller asteroids are also thought to 
be the youngest, the relation could mean 
that some kind of weathering process red- 

space little time to alter their 
surfaces. 

Last fall, Binzel reported 
evidence that these youngest 
asteroids also look the most 
chondrite-like. His ongoing 
survey of more than 1000 as- 
teroids showed a whole range 
of colors. At one extreme was 
the reddish cast most com- 
mon in larger bodies; at the 
other were neutral, ordinary 
chondrite-like colors. They 
were seen in up to 10% of the 
smallest bodies in his survey, 
roughly a kilometer across. 

Since 1996, Hicks and 
Rabinowitz have been focus- 
ing on even smaller aster- 

Stealth asteroid? Weathering of the 33-kilometer-long aster- oids, ranging from 10 kilo- 
oid Eros may hide its true identity as primordial rock. meters down to 100 meters in 

size. The colors of such small 
"The question now is not whether there is objects are difficult or impossible to mea- 

a connection between S asteroids and ordi- sure in the main asteroid belt, but they can 
nary chondrites," says astronomer Richard be recorded among the so-called near-Earth 
Binzel of the Massachusetts Institute of Tech- asteroids, which have somehow escaped 
nology. "There is a relation. The problem from the main belt (see sidebar). Of the 
now is unraveling the process" that disguises more than 140 near-Earth asteroids Hicks 
ordinary chondrite asteroids. Not everyone is and Rabinowitz have studied, those above a 
so sure, and no one has duplicated the cloak- diameter of a kilometer or so mostly resem- 
ing process in the lab. Still, the S-type source ble S-types, while "a large number" (about 
is gaining support as it heads toward a major 25%) of those smaller than a kilometer re- 

dens the surface of larger, olderasteroids. test early next year, when the Near Earth As- semble ordinary chondrites in color. 
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To planetary scientist Clark Chapman of 
the Southwest Research Institute in Boulder, 
Colorado, the findings clinch the case that 
S-type asteroids are the source of most me- 
teorites. "It looks to me like the story is fin- 
ished,'' he says. But Chapman notes, "You 
do need a step between the observation of a 
continuum [of color] and making an inter- 
pretation of what's doing it." 

What may be doing it, say Binzel, Chap- 
man, and others, is a process called space 
weathering. Just as exposure to the elements 
alters rocks on Earth, the space elemen* 
such as the solar wind and the impacts of 
micrometeorites-can alter the surface of 
freshly exposed asteroidal rock by vaporiz- 
ing part of a mineral and redepositing it else- 
where on the surface. Just how it works is a 
mystery, though, says meteoriticist Harry 
McSween of the University of Tennessee, 
Knoxville. "I believe in space weathering," 
he says, "but we don't really understand it." 

As a result. some researchers hesitate 
to accept that S asteroids are chondrites in 

disguise. "I'm still skeptical, because 
space weathering [of asteroids] hasn't 
been proven," says astronomer Lucy-Ann 
McFadden of the University of Maryland, 
College Park. "It's easy to invoke space 
weathering but difficult to prove7' that it's 
behind the differing appearance of S-types 
and ordinary chondrites. Planetary scien- 
tist Carle Pieters of Brown University 
agrees, but notes that, in the lab, simulated 
space conditions can give ordinary chon- 
drites at least some resemblance to 
S-types. And she says that space scientists 
are also learning how the solar wind and 
micrometeorite impacts alter soils on the 
moon-a model for what may happen to 
S-type asteroids. 

Space weathering may not be the only 
process altering the look of larger S-types, 
Binzel adds. Because of their weak gravity, 
small asteroids may retain little of the finest 
debris generated by impacts, resulting in a 
coarser surface coating than is found on 
more massive asteroids. Particles of differ- 

Many Modes of Transport 
For an Embryo's Signals 

Developing embryos may actively ship key signaling molecules from 
place to place, instead of relying on diffusion to  carry the messages 

The developing embryo is a complex and interest-researchers can watch signals tra- 
ever-changing world, where landmarks verse cells in real time. Experiments with 
quickly form and disappear and the entire such methods are beginning to suggest that 
geography shifts over time. Orchestrating cells may actively ship some proteins around 
these changes are protein messengers that rather than relying on diffusion to carry the 

ent sizes scatter light differently, which 
could contribute to the differences in color. 
With plenty of possible explanations at 
hand, Chapman and others aren't discour- 
aged by the mystery of what reddens 
S-types. "There's been a major shift of opin- 
ion,'' says Chapman. "It's just the details that 
remain to be cleaned up." 

Some of the details could be cleaned up 
starting this Valentine's Day, when the 
NEAR spacecraft goes into orbit around the 
33-kilometer-long S-type asteroid Eros. 
X-ray and gamma ray instruments on 
NEAR will for the first time determine the 
elemental composition of an asteroid's sur- 
face, something that no amount of space 
weathering should alter. NEAR'S close look 
could prove crucial in understanding cloak- 
ing and pinning down the link between 
S-types and chondrites. But if not, the frus- 
trations could persist until a future mission 
to an S-type-as yet unplanned-actually 
scoops a sample from an asteroid and brings 
it back to Earth. -RICHARD A. KERR 

sparked a bold new theory of transport: 
Rather than waiting for instructions to &ch 
them, target cells may themselves send out 
long, skmny extensions to pick up messages 
from the source cells. "It's a wav-out unex- 
pected wrinkle," Komberg says. 

These and other studies offer a first 
glimpse into what may be a complex trans- 
portation system within the developing em- 
bryo, says developmental biologist Sergei 
Sokol of Harvard Medical School in Boston. 
"We used to have this simplistic view that 
different proteins diffuse readily in the cyto- 
plasm. Now, more and more people think of 

genetkist  omb berg of the Railroading development. Microtubules (left, blue) guide the Dishevelled great place to be tramnit- 
University of California, San Fran- protein (green) to one side of a fertilized egg. (Each region is 35 pm across.) ting all Sorts of signals," 
cisco (UCSF). But he notes that re- so far no one has proved 
searchers have been unable to find these message. For example, 2 weeks ago re- that they actually do so. All the same, says 

y concentration gradients for a few key signal- searchers reported that frog eggs apparently developmental geneticist Andrew McMahon 
5 ing molecules. And simple gradients can't haul a key signahg protein across the egg on of Harvard University, these and other trans- 
2 explain the physical changes that accompa- a sort of intracellular railroad. Once at its des- port findings are giving development re- 
2 ny some crucial developmental events. tination, the protein helps trigger a cascade of searchers "new food for thought." 

Now, thanks to an increasingly popular messages that transform that side of the egg 
g method of tracking proteins in w o o k i n g  into the back of the embryo. And Komberg's Riding the egg's railroad 

a glow-in-the-dark marker to the protein of recent work on developing fly wings has One of the key tasks in the life of a just- 
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