
MEETING BRIEFS 

Earth Scientists Assemble 
Atop an Ancient Rift 
At the annual meeting of the Geological Society of America in Cincinnati at the end of 
October, discussions ranged over every scale. At the small end was microscopic 
evidence of the earliest life on land. On the macroscopic scale, plant fossils spoke of how 
the flowering plants achieved dominance. And on the megascale, geologists reported a 
vast scar, right beneath the meeting site, that records the near-rupture of North America. 

water carrying another 4 or 5 meters of ash. 
The second piece of luck came in 1990, 

when Wing happened to be driving along a 
Flower power was quick to win the world, Wyoming back road on Big Cedar Ridge, 
most paleobotanists think. After the flower- watchii the roadside with a geologist's eye. 
ing plants began rapidly evolving into an Pul l i i  off to see if a 5-meter-thick layer of 
array of new species about 100 million years volcanic ash-turned-toclay might bedated iso- 
ago, their energy-efficient life cycles and abil- topically, he dug into the base of the volcanic 

meeting, show that flowering plants were in- 
deed there in all their splendid diversity, but 
individual angiosperms were few and far be- 
tween. It was the ferns that reigned in thii 
field. If Wing's site is typical-and some paleo- 
botanists aren't sure it is-the angiosperms' 
triumph must have been delayed until some 
external factor tipped the evolutionary scales. 

Discovering thi snapshot of an ancient 
landscape took two bits of luck. The first fortu- 
itous event came 72 million years ago in what 
is now Wyoming, when volcanic ash sifted 
down on an open, ferncovered field. Only a 
few centimeters fell from the sky, but then a 
slurry of ash flowed across the field from higher 
ground and encased most of the plants to a 
depth of 30 centimeters. But even that would 
not have been enough to entomb the plants 
for good; what ultimately preserved them was 
the blocking of a stream that drained the wet, 
subtropical meadow, gently flooding it with 

In death as in life. A fossilized Gleichenites 
fern appears much as it does today. 

layer and "plants just started to fly out of the 
[rock]. There were~lantsanywhere ~ouwanted 
to dig. It's the best-ever deposit for plants." 

In order to date the site and analyze the 
flora, Wing enlisted geochronologist Carl 
Swisher of the Institute of Human Origins in 
Berkeley and paleobotanists Leo Hickey of 
Yale University and Robyn Burnham of the 
University of Michigan. In the completed 
census, the angiosperms lived up to expecta- 
tions only in their diversity-not their num- 
bers. Of the 146 species found, 68% were 
angiosperms. sixty-one percent were dicots, 
the dominant type of angiosperm. But when 
Wing, Hickey, Burnham, and a small army of 
30 field assistants measured the area covered 
by each species, they found that ferns and 
gymnosperms covered 56% of it, while an- 

giosperms took up only 43%. The dicots cov- 
ered only 12% of the area. Only one an- 
giosperm-a palm-was abundant, account- 
ing for 25% of cover. "This place really set 
me back." savs Wine. "I didn't realize how , , 
much I was seeing one side of the flora." 

To Wing, the eye-opening results from 
Big Cedar Ridge suggest that fossil sites else- 
where have been giving paleobotanists a dis- 
torted view of the rise of angiosperms. Most 
of the fossil troves paleobotanists rely on were 
formed when plant remains-pollen, spores, 
leaves, and even logs-were swept off by wind 
or flowing water, then deposited and buried 
by sediments. Wing notes that, especially in 
the case of leaves. the ~ l a n t  materials most 
likely to be this way are those 
from near streams and rivers-areas ~articu- 
larly favored by angiosperms because they do 
well where erosion and sedimentation fre- 
quently disturb the soil. 

The suggestion that more conventional 
sites have inflated the apparent abundance 
of angiosperms drew a sharp response from 
paleobotanist Garland Upchurch of South- 
west Texas State University. He argued that 
pollen from other sites shows that by 72 mil- 
lion years ago angiosperms were dominant 
both north and south of Wyoming. The flora 
at Big Cedar Ridge, he insisted, was simply a 
last holdout. Wing conceded he only has 
one, isolated record, but he thinks evidence 
from plants preserved in place deserves greater 
weight. In hi view, Big Cedar Ridge is "one 
more data point than we have from any- 
where else." 

Getting more such data points is clearly the 
next order of business if paleobotanists are to 
settle the timing of angiosperms' rise and home 
in on a final trigger-whether climate change, 
asteroid impact, or something else. Wing and 
Hickey have already found two smaller sites in 
Wyoming, and Aureal Cross ofMichigan State 
University has d i v e r e d  a small patch of for- 
est buried in place in New Mexico. All three 
sites are about the same age as Big &Ridge, 
and preliminary counts support a continued 
dominance ofgymnosperms. Any further con- 
tributions would be much appreciated. 

A Half-Billion-Year Head Start 
For Life on Land - 
Paul Knauth is out to shake up some precon- 
ceptions about when life first appeared on 
land. 'The notion we've alwavs had is that 
somewhere around 500 million years ago the 
[higher] land plants got established and then 
things crawled out of the sea to eat them. 
The idea was that [before then] the land was 
just bare rocks," says the Arizona State Uni- 
versity isotope geochemist. But in a poster 
presentation Knauth and microfossil special- 
ist Robert Horodyski of Tulane University 
presented evidence of life on land long be- 
fore familiar plants managed to conquer the 
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Not everybody was startled by the discov- 
ery. "We looked on it as a confirmation of our 
[earlier] hypothesis," says geophysicist G. 
Randy Keller of the University of Texas, El 
Paso. In 1983 Keller and geophysicist col- 
leagues had proposed that the great buried 
rift that 1.2 billion years ago had cracked 
open 2200 kilometers of the continent from 
Kansas to Lake Superior and down through 
Michigan didn't end there, as most research- 
ers thought. Instead, Keller and his colleagues 
had drawn on gravity data suggesting that 
dense, iron-rich lavas had erupted to the south 
of Michigan. The lavas, they proposed, 
erupted along an eastern extension of the rift 

that continued another 600 kilometers to 
the Tennessee border. "It looked like the 
continent just about broke apart," says Keller. 

The three-survey consortium is suggest- 
ing that their sedimentary basin is part of the 
that rift scar. Although other researchers dif- 
fer on the details, the consortium's history of 
North America has the continent rifting open 
1.2 billion years ago along a great arc from 
Kansas to Tennessee, quite near what was 
then the eastern margin of the continent. 
What drove the rifting is unclear, but some 
geophysicists think a plume of hot mantle 
may have been rising below Lake Superior, 
stretching the continent. In any case, huge 

CELL BIOLOGY 

A New Kind of Organic Gardening 
Biophysicist David Stenger of theNaval Re- 
search Laboratory (NRL) has developed a 
passion for precision gardening. Don't ex- 
pect any prize tomatoes from his plots, though; 
what he and his colleaguesgrow are cells, and 
their gardens are culture dishes. By combin- 
ine clever surface chemistrv with fabrication - 
techniques adapted from the microelectron- 
ics industrv. thev lav out Datterns of molecu- ,, , , L 

lar soil that encourage cells to take root and 
grow only in certain places. Other research- 
ers had demonstrated the possibility in the 
late 1980s. but last month Steneer and his 

ing the photolithographic techniques of mi- 
croelectronics to create intricate patterns of 
cell-attracting and cell-shunning molecules. 

Kleinfeld's original technique included 
multiple steps, but in the 26 April 1991 
Science, Stenger and collaborators from the 
NRL and other institutions  resented what 
they hoped was a simpler strategy. In their 
method, ultraviolet light shines through a 
stencil-like mask onto films of organosilane- 
a com~ound to which cells will not stick. 
The light, however, chemically alters the 
ex~osed regions, and a subseauent chemical 

eruptions were spewing lavas all along the 
rift when, almost miraculously, the rifting 
stopped. North America was saved. Its salva- 
tion may have been a squeeze by the ap- 
proaching Grenville Province, a chunk of 
continent that shortly thereafter collided with 
North America east of Ohio. 

That mav have been an even closer call for 
North America than the Ohio discovery sug- 
gests. At the meeting Donald Adams of the Uni- 
versity of Texas, El Paso, and Keller suggested 
that the western a m  of the rift may have ex- 
tended well beyond Kansas into New Mexico. 
Thank goodness for colliding continents. 

-Richard A. Kerr 

or other detectors arrayed directly underneath 
the cells would register toxin-related changes 
in cell behavior. Meanwhile, the Office of 
Naval Research is supporting Stenger's group 
to study the computer-like features of single 
neurons, which can integrate and process 
many inputs. And groups at NRL and Cornell 
University are working with Stenger's team 
to develop ways of preforming endothelial 
cells into networks of artificial capillaries. 
One goal is to lace these networks of ersatz 
blood vessels into biodegradable polymers to 
form a prevascularized, skin-like material for 
treating burns and other serious wounds. 

Stenger and his many collaborators don't - 
collaborators reported a new level of preci- 
sion: They can now coax cells to grow in 

0 a 
molecular flower beds of almost arbitrarily 2 

fine geometries. 
> 
E 

Stenger, chemist James Hickman of Sci- S 

ence Applications International Corp., and 
their co-workers aren't just imposing order 
for its own sake. By regimenting cells in pre- 
cise networks, they and others hope to create 
a range of devices for basic science and tech- 
nology. As a means of spreading out neurons 
so that their behavior and interactions can 
be more precisely monitored, the networks 
promise to serve as test beds for neuroscience 
and perhaps as sensitive detectors of chemi- 
cal and biological warfare agents. And by 
mimicking the organized growth patterns of 
capillaries in the body, these artificial ar- 
rangements of cells could also play a role in 
medicine-as a kind of vascularized cellular 
gauze for wound repair. 

The inspiration is biology's own artful cel- 
lular organization. During development, for 
example, cell adhesion molecules act like 
lighted aisles, directing migrating cells to their 
proper locations. Scientists had already known 
they could roughly control the wanderings of 
cultured cells by patterning surfaces with sub- 
stances such as ~olvlvsine and fibronectin. . , ,  
which interact with molecules on the cells' 
surfaces. But David Kleinfeld of AT&T and 
two colleagues get credit for showing in 1988 
that finer control could be achieved by enlist- 

21 October Journal of the American Chemical 
Society, is "precise geometric control of the 
adhesion and growth of mammalian neural 
and endothelial cells." In one striking demon- 
stration, the workers laid down cell-friendly 
molecules in a pattern reminiscent of minute 
chicken wire, then watched rat hippocampal 
cells stitch themselves to the nodes of the mesh 
and grow neural projections along its strands. 

Such feats have been turning heads. In 
January, for example, the Marine Corps be- 
gan funding Stenger and colleagues in a 
project to test the potential of patterned neu- 
roblastoma cells, which react to a menagerie 
of toxins, as sensing elements for chemical 
and biological warfare agents. Tiny electrodes 

have a monopoly in the cellular gardening 
business. Cell biologists Gregory Brewer of 
the Southern Illinois University School of 
Medicine and Bruce Wheeler of the Univer- 
sity of Illinois, for example, hope that these 
cellular networks will help shed light on the 
behavior of small sets of neurons. Scientists 
alreadv have tools such as EEG recorders for 
monitbring whole brain activity and micro- 
electrodes for eavesdropping on single neu- 
rons, Brewer says. But by growing networks of 
neurons. he adds. "we can now work between 
these levels [of biain structure]." 

Cellular gardening, it would seem, prom- 
ises some bountiful harvests. 

-Ivan Amato 
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