
faces at room temrature. But these mol- 
ecules were difficult to c m m 1  when pushed 
bv an STM tiv. so the researchers coddn't 
&e them to repksent n d c a l  idormation 
(Science, 12 January, p. 181). 

For the current experiment, Girnzewski 
and his colleagues Maria Tetesa Cuberes and 
Reto Schlitder tried soccerball-shaped 
lntckyballs on copper. Researchers have 
known for some time that metal surfaces are 
rarely perfectly flat; rather they resemble a 
series of flat terraces swarated bv atomic- 
scale steps. Researchers Gave also ioted that 
buckyballs cling to metal surfa~es, and they 
preferentially line up along the steps, where 
they share the most attractive electronic 

--- 
interactions with nei~hborina metal atoms. While the current demonstration doesn't I 
The team decided touW to & one of these storenumbers as computer-friendly binary 1s 
steps to keep the buckybatls in line, much as and&, it's easy so imagine how to change the 
an abacus's wires hold the beads in place. setup to make binary data storage possible, 

And it worked After depositing budry- says Cuberes. One appma~h would be to cre- 
balls on a copper sample, the meanhers ased ate tiny grdoves in the copper &e, just 
the STM to take a look at the surface. As tkey wide enough for one bdqbaI1 to fit inside 

I 
had hoped, they found a row of bwkyMls and only long enough for k to move back and 
lined up along dy scep b e e n  two terraces. 
Then they pushd the buckyMIs along the 
step with the STM tip, one at a time, rnnseh 
like one would push abacus beads. After- 
ing each buckyball, they used the atmnik-im- 
aging tip to take a new pichue' of &e 
Finally, they pieced together the 40 
inm one composite image (previous pg& 

f d  when pushed by an STM tip. One side 
of the groove wwld be the 0 position; the 
&er side, the 1. The rae+ are no- 
&we near a c c o m p l w  this, Cubeies ac- 
Itnowl&es. But if they can pull it off, this 
d device, like the original abacus, 
M deqe a& of history of irs own. 

-Robert Ii Service 

EXTINCTIONS I 

A Shocking Viewe of the Permu grow's gmim, &i& c o m e h s h e  P m o -  
Triassic bcmiw near !$hey, Awtraiia, 

D m - T h e  great whodunit dthedio- pact extinction wwrld haw happened in a and from.the TzamanwC h t a i n s  in rf 

saur extinctions has a likely s m p c z s u f p e c t - - a n  as- geologic instant. It is a e d  question, notes Antarctica, r e v 4  set d possible PDFs, := 

teroid impact. But what of the mess paleontobgist Douglas Erwin of the Na- says Claeys. But k ag4w that several sets 
extinction of all time, 250 million years a g ~  tional Meseum of Natural History, because intersecting at the co~ect a r r g b  would be 
at the Permo-Triassic boundary? This great "if the Permo-Triassic extinction hadn't required for d u s i v e  prfrof. 
dying marked the d - o f  the 30p-miUion- happened the way it did, you would find a RetalZack c o u n t e ~  Claeys and oth- 

ers haven't yet seen sit &ere is  to see. Un- 
der the microscope, where theh l l  depth of 
a quartz grain can be viewed by chimging 
the depth of focus, all the ,wins can be 
seen to have at least thee sets of PDFs;he 
says; one has seven. 

are old ' a d  fractured by If other claims of sh& qum are any 
more recent, m u d m e  guide, it may take a while to ulilvince the 
stresses, notes Philippe (3ornmunity. Researchers have d e d  the 
Claeys of Berlin's h4- rock record frcun one end of gealogic time to 
af Nwra l  History, mP- the other for signs ofimpacts coinciding with 

biological crises, and the only success so far 
laas been at the end ofthe Cretaceous. Some 
daims of shocked quarts have -been sum- 3 

. madly rejected, while others, such w p m b l e ~  
h k e d  qwm from the ~umsdc-~riassicg 
~$mmIaq 202 million years ago, have in-$ 

but nst yet p a 5 9 u d  researchers% 
buzzed with paleontologists and gmlogisrs.,, . . ~ ~ e ,  11 ].annary 1991,'p. 161). 
exchanging opinions on re tall add^^^ Ideally, experts wad4 Mze their own B 
which purportedly showed faint bands of -d imens id  l m ~  at Rwakck's grains. I! 
glass-filled fractures within the mine. :  that, theyhtn& morrquan- 2 
Retallack thii the fractures fmctd,iri the, ritetive b) & ;rs die r&tive index 
shock of a massive impact adnotes t k 9 ' ~ o W  &e pins, &&ie &d by shock, as well 
Iar grains have been linked to the t2rem&&4- a& the o & n m  d PDFs. The Oregon: 

goup sap chey .ate ~ W n g  those data in - 
: cmpemtlon with cdteagues. 'They are also! 

examlnhg h i r  samples for ~idiurn-an-h 
other tellrale slge! of an impm, &tmdant at 6 
the C~taceow-Tertiary boundary. Better ce 

your eye does through a microwope." pictures, specifically ~ - ~ s s i o n  electma ,. , :,..+..+& 
If Retallack and his Oregon colleagues faint traces that mi& have been left by an micrwopic {'RM) images that can identify :.<;p~ 

A%as Seyedolali and David Krinsley are irnpact. Truly shocked qnansr b riddIed with the shock-generated dggs unique to PDEs, . : .+‘:a 
right, then the Permo-Triassic extinction thin, stmight, pamilel planar StntcNres w d d  help m. Retdlack "has got a fairly ' 
will have not only a new cause but also a new called p b r  deformation featwas (PDFs), &chance,"mys Ckys ,  "but he's got todo 
time scale. Most paleontologists have seen which form sets h t  intemxt at predictable the TEM." Otherwise, his data may not be so , 
the crisis as a Protracted "event" or even as angles dependirtg on the crystal structure of shocking after d. 
two separate pulses of extinction. But an im- the quartz. Photomicrographs of the Oregon - R i M A .  &IT I 
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