
Georges Casier of the Royal Institute ofNatu- 
ral Sciences of Belgium, who made the discov- 
ery in collaboration with the late Stanley Mar- 
golis of UC Davis. The  new find makes the 
Frasnian-Famennian (F-F) boundary one of 
the strongest candidates in the geological re- 
cord for a time when an asteroid impact led to 
a mass extinction-second, in fact, only to the 
more precisely worked out Cretaceous-Ter- 
tiary mass extinction of 65 million years ago. 

Casier uncovered the first clear evidence 
of an impact near the F-F boundary when he  
noticed droplets of glass, apparently blown 
out of an impact crater, among tiny fossils col- 
lected in Belgium. The  connection between 

found the impact glass, and. therefore the 
positioning of the boundary wasn't very pre- 
cise. Casier's best estimate was that the im- 
pact debris fell 7 meters above the bound- 
ary-too late by several hundred thousand 
years or more (Science, 29 May 1992, p. 1280). 

Now Claeys and Casier have largely closed 
the gap between impact and extinctions with 
new s a m ~ l e s  from Honv. in southern Bel- 

l ,  

gium, where impact glass falls 10 centimeters 
or less from a more ~reciselv defined bound- 
ary. Uncertainty persists because the layer 
containing impact glass lies within a 30-cen- 
timeter layer between the last conodonts of 
the Frasnian and the first conodonts of the - 

the impact glass and the extinctions was fuzzy, Famennian. Still, the gap is probably n o  more 
however. Paleontologists locate the F-F boun- than some tens of thousands of years-a blink 
dary-traditionally recognized as the time of of a n  eye in geological terms. 
the extinctions-by looking for changes in That's exciting news to F-F paleontolo- 
the form of teeth-like fossils called conodonts, gist George McGhee of Rutgers University, 
all that remain of eel-like animals. But con- but he  thinks there's probably more to the F- 
odonts are scarce at  the site where Casier first F impact story. H e  and others believe that 

PLANETARY SCIENCE 

Magnetic Ripple Hints Gaspra Is Metallic 
W h e n  the Galileo s~acecraft whizzed bv the 
tiny asteroid Gaspra iast August on  its ckcui- 
tous journey to Jupiter, few astronomers an- 
ticipated any surprises from the spacecraft's 
magnetometer. "The expectation was very 
modest," recalls magnetometer team leader 
Margaret Kivelson of the University of Cali- 
fornia, Los Angeles. In fact, team members ex- 
pected "that we wouldn't see anything at all," 
says Kivelson. After all, Gaspra is just 13 kilo- 
meters across and Galileo was going to pass no 
closer than 1600 kilometers. which the team 
assumed would be too far to detect any mag- 
netic siens of the asteroid. Nonetheless. savs 
~ivelso;, "we had a very strong feeling that 'if 
you were going by a new kind of body for the 
first time, you should at least take a look." So 
the Galileo team allotted ~recious on-board 
data storage to the magnetometer readings. 

That commitment to the svirit of e x ~ l o -  
ration paid off just before Thanksgiving when 
Galileo finally beamed back the Gaspra mag- 
netometer data through its crippled communi- 
cations svstem: Gasma seemed to have left its 
signature on  the magnetometer record. Bar- 
ring an ill-timed coincidence that masquer- 
aded as a signal from Gaspra, Kivelson sur- 
mises that the tiny asteroid is metal-rich and 
magnetized, which would make it the first small 
body of the solar system known to possess a 
magnetic field. This chance discovery may also 
help resolve the central mystery surrounding 
Gasvra: whether the asteroid is a chunk ofrock 

magnetometer readings could tip the scales 
toward the second possibility. 

In order to resolve auestions like that, 
however, Kivelson and her team want to as- 
certain whether Gaspra really did trigger two 
squiggles in Galileo's magnetometer record. 
One  minute before Galileo's closest approach 
to the asteroid, the magnetic field carried by 
the outward-rushing solar wind abruptly ro- 
tated toward Gaspra. Three minutes later it 
swung back to its-original orientation. Such 
field rotations are common. Kivelson notes. 
but-in the 2 hours around the closest ap: 
proach they were occurring once or twice per 
hour, while these two rotations neatly brack- 
eted the encounter. Moreover. rotations are 
normally random, but these two produced a 
clear nod in Gaspra's direction, strongly sug- 
gesting that Gaspra was the cause. "My own 
hunch at the moment is that it was Gas~ra , "  

L ,  

says Kivelson. "I think we saw a disturbance 
like the wake of a ship" trailing out behind 
Gaspra as it plowed through the solar wind. 

If that's indeed what the magnetometer 
picked up, Kivelson concludes that Gaspra is 
strongly magnetized. A n  unmagnetized Gas- 
pra would be much too small to create such a 
wake, but a strong magnetic field would be 
pulled around and behind the asteroid by the 
solar wind in the classic teardrop shape of a 
magnetosphere. If these assumptions are cor- 
rect, Kivelson calculates that Gaspra's mag- 
netic field is a t  most one hundred-millionth 

largely unchanged since the earliest days of the as strong as Earth's. That may not sound im- 
solar system (and thus a possible source of the pressive, but it would make Gaspra a mag- 
most common type of meteorite falling on  netic powerhouse-for its size. 
Earth) or a highly metallic remnant of a body "That's fantastic; it's a very interesting find- 
that was heated until metal separated from ing," says David Strangway, a magnetics ex- 
rock (Science, 2 February 1990, p. 527). The  pert and president of the University of British 

major extinctions also took place over mil- 
lions of vears around the boundarv. "I'm 
convinced you can't explain what halipened 
with one event. If you're going to explain it 
all with impacts, there had to be multiple 
impacts." 

And so there were, according to earlier 
reports-and fresh evidence presented at the 
meeting. Paleontologist Kun Wang of the 
University of Alberta had previously reported 
impact glass from a site in China that, judg- 
ing by the conodonts, fell 1 million or 2 mil- 
lion vears after the boundarv. And at the 
AGU meeting, paleontologist Susan Boundy- 
Sanders of UC Berkelev and h'er colleagues 
told how they stumbled'on poorly dateduim- 
pact glass among microfossils that may be at  
least 3 million years older than the F-F bound- 
ary. All of which should keep the F-F sleuths 
busy sharpening their view of what hit  when 
and who may have-fallen victim. 

-Richard A. Kerr 

Columbia. one of the few researchers who vro- 
fesses to  bd unsurprised by the results. "I would 
have ~red ic ted  it if anvone had asked me," he 
says.  h here's hardly a meteorite that hasn't 
had a substantial maenetization, so if hand- 
sized samples have itrwhy not a'large one!" 

Meteoriticists are eager to hear more de- 
tails of the encounter and begin assessing the 
implications. One possibility, says Strangway, 
is that, while it was being formed in the nebula 
that produced our solar system, Gaspra was 
imprinted by a strong magnetic field generated 
by swirling ionized gases. That would make 
Gaspra primordial, and the class of asteroids to 
which it belongs-so-called S-type asteroids- 
would be a candidate source for the vrimor- 
dial ordinary chondrite meteorites that fall 
so often on  Earth. Alternatively, Gaspra may 
be a fragment of a large asteroid that acquired 
a maenetization as it cooled down from a heat- " 
ing so severe that metals like nickel and iron 
were concentrated in a metal-rich core. 

Galileo's brief visit had seemed to offer 
little hope of resolving the debate among 
meteoriticists and astronomers over whether 
Gaspra and the other S-type asteroids are 
primordial or altered (Science, 18 October 
1991, p. 381). But the prospect of a magnetic 
field for the asteroid changes things, because 
Gaspra's suspected magnetic field is on  a par 
with that of iron meteorites-bits of the 
metallic cores of large asteroids-Kivelson 
says. Yet she is quick to point out that the 
argument is far from settled, since her current 
estimate ofGaspra's magnetization has arange 
of more than a n  order of magnitude-prob- 
ably enough to encompass ordinary chon- 
drites as well. More analysis, and next  
summer's Galileo encounter with the S - t v ~ e  , . 
asteroid Ida, may help. 

-Richard A. Kerr 
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